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Preface

International Conference on Advances in Materials Research (ICAMR 2019) is
organized by Bannari Amman Institute of Technology in association with Indian
Society of Technical Education (ISTE). The advances in materials research report
the latest researches performed in basic materials and their science in the fields of
composites, metals and alloys, fracture of materials, biomaterials, energy materials,
polymers, etc. The researches in material science relate the desired properties and
their performance enhancement/deterioration with respect to the atomic structure
of the materials. The atomic interactions resulting from the density change, and
covalent and polar bonds are characterized using latest characterization technolo-
gies. The original research includes both experimental and theoretical analyses, and
peer-reviewed papers are systematically reported in this proceedings.

ICAMR is one of the interdisciplinary forums for researchers working in the
areas of basic and applied materials research. The main objective of ICAMR 2019
is to encourage the wide range of applications towards the development of human
society with the invention of new materials in the trusted area like development of
lightweight composite materials in energy applications, construction, instrumenta-
tion, environment, communications, safety and ecology and thus contribute to
societal well-being and prosperity. It will create a competent prospect for discussion
of major issues related to advanced research in materials for their economic
exploitation, long-term conservation, new development and imaginative uses. It
also envisages global networking to inspire innovative research to provide solutions
and drive systemic change. Further, eminent scientists across the globe will share
their research and future scope for betterment of mankind.

ICAMR 2019 brings leading researches from academia, R&D organization and
industries from various regions of the world under one roof. This also helps to
identify the current demand and emerging area of the basic and applied materials
research. This two-day conference is organized in association with Indian Society
of Technical Education (ISTE) which includes the peer-reviewed articles and
invited talks of expert from India, South Korea and Malaysia.
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The articles published in the proceedings are reviewed by the experts from
prestigious Indian institutions like IIT, NIT, Anna University, VIT, etc. The pla-
giarism of all submitted articles is verified using “Turnitin” software, and a
double-blind review system is followed before to the submission of chief editorial
board.

Erode, India Dr. G. Kumaresan
Tiruchirappalli, India Dr. N. Siva Shanmugam
Chennai, India Dr. V. Dhinakaran
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Effect of Ultraviolet (UV) Radiation
on Mechanical Behavior of Bi-directional
Carbon Fabric Reinforced Epoxy
Composites Impregnated with Fly Ash
Cenosphere Particles

S. M. Vinu Kumar, K. L. Senthil kumar, and B. Suresha

Abstract The present paper discusses about the effect of ultraviolet (UV) radia-
tion on the mechanical properties of unfilled and fly ash cenosphere (CSP) filled
carbon-epoxy (C-E) composites. The laminates of composites were fabricated using
hand layup process and followed by autoclave curing technique. Fabricated compos-
ites were exposed UV radiation (320 nm of wave length) for 336 hours under the
constant temperature of 50 degree celcius. Results showed that as weight gain (%)
for the flexural sample decreases as the period of UV exposurer increases. However,
impact samples showed synergetic behavior in weight gain (%). Flexural strength
and flexural modulus were found to be high for UV exposed sample compared to
unexposed one. In overall, unconditioned sample exhibited higher impact strength
compared to UV exposed samples.

Keywords Carbon-epoxy composites · UV radiation · CSP filler · Flexural
strength

1 Introduction

In today’s era of material science, composites are highly preferred over the conven-
tional metals/alloys due to their exceptional properties like high strength to weight
ratio, corrosion resistance, and superior fatigue performance which can be tailored
based on the requirements, and thus, it has become ideal choice in many of the appli-
cations. Amongst the composites materials, polymer-based (reinforced) are used in
diverse and reaching all the industrial sectors covering the range from commercial
aircrafts to bathtub because of non-difficulties in processing and cost of production
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is quite low. Aerospace and marine parts made from the carbon reinforced epoxy
composites are often exposed to extreme natural atmosphere (weathering) like heat,
rain, sunshine, humidity, and also sometimes it will be prone to atmosphere pollutants
like sand dust, hydrocarbons, all of these weathering factors tends to cause severe
damages to the Parts (made of polymer composites).

Polymer reinforced composites once they exposed toUV radiation, then it absorbs
UV rays which in turn initiate photo oxidation reaction, which include oxidation,
chain scission, and cross linking subsequently weight loss result of which reduces
the viability of material usage in structural application. Prolonged exposure during
the service to UV rays would adversely affect the viscoelastic properties in the form
of raising temperature, lowering the storage modulus, and glass transition temper-
ature. Also, Aerospace and marine partspolymer composite becomes susceptible to
impact damages due to relative brittleness [1–3]. Only few studies have reported the
environmental effect on mechancial properties of polymer reinforced composites.

Kumar et al. [1] studied the degradation effect on carbon-epoxy composites by
subjecting them to ultraviolet radiations and condensation. They reported that there
were no appreciable changes in longitudinal elastic modulus and longitudinal tensile
strength in any of the exposure condition due to fiber dominated properties. Also,
they indicated that there was 4.2 and 2.8% decreases in transverse modulus which
are resulted from exposure to only UV and only condensation at 500 h, respectively.
Further result showed that there was 9 and 20% decreases in tensile strength which
are resulted from exposure to only UV and only condensation at 500 h, respectively.
But at sequential exposure to UV and condensation at 1000 h, tensile strength was
found to be decreased by 21% compared to unconditioned samples. Tcherbi-Nartech
et al. [2] reported on synergetic effect of UV radiation and condensation on mechan-
ical and thermal properties of carbon-epoxy composites impregnated with nanoclay.
They reported that modulus of all samples increases while strength decreases when
compared to unconditioned samples at room temperature; they also concluded that
as exposure time increases compression strength decreases for neat system. But
compression strength increases for 1 and 2 wt% (MMT) samples after 10 days of
conditioning. The addition of nanoclay enhanced the glass transition temperature of
the unconditioned samples at room temperature; however, glass transition tempera-
ture decreases after conditioning.According toZainuddin et al. [3], nanoclay addition
improved the strength andmodulus of the composites by 19 and 13%, respectively, at
room temperature. Further, when the samples exposed to synergetic condition, again
nanoclay reinforced composites showed improvement in mechanical properties over
neat samples.

From the literature survey, it is understood that, less attention has been given
to study about the effect of weathering condition on the mechanical performance
of polymer reinforced composites. Therefore, present work pertains to study the
influence of cenosphere particle on mechanical properties of composites when they
are exposed to UV radiation.
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Table 1 Composition of unfilled and CSP filled C-E composites

Sl. No. Composite designation Quantity of constituents (wt%)

Bi-directional
carbon fabric

Epoxy matrix Cenosphere particle

1 C-E 60 40 –

2 4 CSP 60 36 4

3 6 CSP 60 34 6

2 Materials and Methods

2.1 Fabrication

In the present investigation bi-directional carbon fabric, aerial density of 206 g/m2

used as main reinforcement system. Epoxy resin LY-556 and its hardener araldite
HY-95 have been selected as polymer matrix material. Cenosphere microparticles in
the range of 20–22 microns are used as filler materials. The complete fabrication of
the composites slab has been explained in our previous study [4]. The composition
and quantity of resin and reinforcement in weight fraction are detailed in Table 1.

2.2 Weathering Test: UV Radiation Exposure Studies

In order to study the degradation effect of UV radiation, the fabricated samples were
kept in the environmental chamber according to ASTM-G 53-96. The samples were
continuously exposed to UV radiation for a period of 336 h at 320 nm wave length
under maintained temperature of 50 °C. The samples were taken out periodically
and weighed immediately using high precision weighing digital balance of 0.1 mg
accuracy to find out any changes in the weight of samples. The percentage in weight
loss or gain was calculated by Eq. (1)

Weight loss/gain(%) = Wx −Wi

Wx
× 100 (1)

where Wx is the final weight of the sample measured at every 24 h. Wi is the initial
weight of the sample.
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2.3 Flexural Behavior

Bending tests were performed on the composite samples at room temperature to
evaluate its flexural strength. Three point bending test was conducted as per ASTM-
D790 using universal testing machine. Comparison of specimen before and after
flexural test for various compositions of C-E composites is shown in Fig. 1.

2.4 Impact Strength

Izod test was performed according to ASTMG256—7J to study the toughness of the
composites, and it is determined using a CEAST pendulum testing machine. Impact
energy used for fracturing the specimen is 7 J with impact speed of 3.7m/s at hammer
angle 149.75°. Impact test specimen before and after test is shown in Fig. 2.

Fig. 1 Shows comparison of flexural test specimen before and after test

Fig. 2 Shows comparison of
impact test specimen before
and after test
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Fig. 3 Shows change in specimen weight of unfilled and CSP filled C-E composite test specimens
as a function of time for exposure to only UV radiation for 336 h. a Flexural test specimen, b impact
test specimen

3 Result and Discussion

3.1 UV Radiation Absorption

Figure 3 illustrates the weight changes (in percentage) as a function of UV radiation
absorption in flexural and impact specimens. It is clear that higher filler loading
showed minimum changes in weight gain compared to unfilled C-E. Further, it
is evident that, bending test and impact test specimen of unfilled C-E exhibited
maximum decrease in weight loss at 336 hour and 48 hours respectively, as shown in
Fig. 3. The cause for theweight decrease in the specimen is due to the process of chain
scission when polymer exposed to UV radiation [5]. Also, polymer chain tends to
producemolecules, and thesemolecules vulnerable for atmospheric air which tries to
migrate out of specimen. Moreover, epoxy resin itself less resistance to UV radiation
[6]. Thus, diffused oxygen inside the polymer may cause its degradation.

3.2 Density

A test result of the various composites for different weathering condition is shown in
Tables 2 and 3. Density of the composites is an essential part of the characterization.
From Fig. 4, it is observed that as the addition of fly ash cenosphere increases,
density decreases. Lowest density is found for 6 CSP filled C-E composites. Density
decreases due to the filler property since filler is low dense and hollow sphere [4].
Therefore, CSP filler can be recommended for fabricating lightweight composites.
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Table 2 Physico-mechanical properties of unexposed composites

Sample codes Density (g/cc) Flexural
strength
(MPa)

Flexural
modulus
(GPa)

Impact strength
(J/m)

Barcol
hardness

C-E 1.41 751 39.59 1076.67 72.4

4 CSP 1.12 654 32.64 1126.12 73

6 CSP 1.03 683 48.90 1842.7 73.5

Table 3 Physico-mechanical
properties of UV exposed
composites

Sample codes Flexural
strength
(MPa)

Flexural
modulus
(GPa)

Impact strength
(J/m)

C-E 822.18 46.11 843

4 CSP 899.25 63.34 820

6 CSP 900.85 74.03 965

Fig. 4 Density and barcol hardness number of fabricated composites

3.3 Hardness

The improvement in the hardness of the composites has been observed when the
CSP filler is added to neat C-E composites. Figure 4 clearly tells that hardness is
increasedmay be due to composition of the filler. SiC content in theCSPfiller induces
hardness on the hybrid composites [4]. Also, it can be said that, as the addition of
filler increases, distance between particles is reduced which in turn increases the
hardness of the composites.
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3.4 Flexural Behavior

The flexural strength and modulus of unfilled and CSP filled C-E composite during
unexposed and UV exposed condition are shown in Fig. 5. It can be seen that flex-
ural strength and modulus increases with the addition of cenosphere particles. This
trend is observed in both the testing conditions. From the plot, it is noted that, UV
exposed composites showed improvement in flexural strength compared to unex-
posed samples. Unfilled composites showed 9.4% improvement in bending strength,
whereas 4CSP and 6CSPfilledC-E composites showed 37.46 and 31.7% increases in
flexural strength, respectively. This may be due to the consequences of UV radiation.
During absorption of UV radiation, chain scission and chain linking are competing
each other on polymer chains. Chain scissions lower the weight of composites, and
chain cross link increases strength [1, 7].

Flexural modulus behavior with respect to UV exposure for different weight
percentage of C-E composites is shown in Fig. 6, and it can be seen that flexural
modulus increases with increase in the CSP filler content. In case of unexposed
condition, amongst the filled composites, 6 CSP filled C-E showed 23.39% increase
in flexural modulus compared to neat carbon-epoxy composites. After subjecting
the samples for 336 hrs continuously for UV exposure, the UV exposed specimen
showed increase in flexural modulus compared to unexposed. However, 2 CSP filled
C-E composites showed unchanged in flexural modulus.

Fig. 5 Flexural strength of the unfilled and CSP filled C-E composites at unexposed and UV
exposed condition
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Fig. 6 Flexural modulus of the unfilled and CSP filled C-E composites at unexposed and UV
exposed condition

3.5 Impact Strength

Figure 7 shows the trend in the impact strength of C-E composites with and without
CSP fillers at different weathering conditions. It can be seen from the plot that degra-
dation of the epoxy matrix leads to significant deterioration of the impact strength of

Fig. 7 Impact strength of the unfilled and CSP filled C-E composites at unexposed andUV exposed
condition
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the composites. Further, composites which are exposed 336 h continuously for UV
radiation exhibited lower strength compared to unexposed one. Amongst the fabri-
cated laminates, 6 CSP filled C-E composites showed remarkable changes in strength
when exposed to UV weathering condition, i.e., 47% decreases in impact toughness,
and this may be attributed to chain scission of polymer chain which reduces the
overall property of the composites [1, 7].

4 Conclusions

In this paper, effect of UV radiation on fabricated C-E hybrid composites has been
experimentally studied. From this study, the following inferences are drawn:

• Density and hardness of the C-E hybrid composites decrease and increase,
respectively, as the cenosphere particles loading increases.

• During theUV exposure for 360 h, flexural sample reduced their weight compared
to unexposed sample. But impact test samples showed synergetic behavior
under the same weathering condition.

• UV exposed 4 CSP composites showed 37.1% improvement in the flexural
strength when compared with unexposed composites. However, impact property
has been found to be superior for unconditioned samples.
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Performance Analysis of CO2 Heat Pump
for Milk Pasteurization Application

C. Subramaniyan, M. Jegadeeshwari, A. M. Sridhar, and S. Suresh

Abstract This paper presents performance studies on the transcritical CO2 heat
pumps for heating of milk in pasteurization process. As CFCs and HCFCs were
deemed unfit as working fluids in refrigeration, air conditioning, and heat pump
applications, there has been an increase in research on carbon dioxide technology.
Heat pump is one such application where theoretical and experimental investigations
are performedbyvarying input parameters.Milk is treated inmilk processing industry
for purification and sterilization so as to increase its shelf life. Pasteurization (heat
treatment) is the process done in milk by which the microbial activity is completely
eradicated. In the heat treatment process, milk is subjected to high temperature for a
period of time to sterilize it and increase the quality of milk. Heat treatment is done
in vapour compression heat pump system. The refrigeration fluid used is CO2 instead
of other chemical refrigerants. The efficiency of pasteurization process is analyzed
by the performance of heat pump. By varying the mass flow rates of milk in the
condenser, the COP of the system and final temperature of milk are investigated. The
study shows that both the milk mass flow rate and inlet temperature have a significant
effect on system performances.

Keywords Energy · Heat pump · CO2 refrigerant · HTST pasteurization

1 Introduction

Due to increase in global warming and environmental pollution, it is necessary to
use natural and non-polluting substances in industrial sectors. Regarding this, CFC
and HFC used as refrigerant are banned in many sectors due to its harmful effects on
environment. Further, new innovative technologies and less polluting refrigerants are
discovered by scientists. One such refrigerant is CO2 which can be used in vapour
compression systems for refrigeration, heating, and other applications.When heating
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is considered, milk pasteurization is one of the major applications, which needs a
non-polluting, non-toxic cooling fluid, where CO2 is a perfectly suitable refrigerant.
CO2 ismore efficient in coolingwhen comparedwith other refrigerants. It gives high-
temperature change in condenserwhich is useful to transfer heat to other applications.
CO2 has low critical temperature of 31.1 °C which is a distinct remarkable property
required for a refrigerant. Vapour compression systems with CO2 as working fluid
at normal refrigeration, heat pump and air-conditioning temperatures will work near
or above the critical pressure of 7.38 MPa. Heat rejection will also take place at
supercritical pressure, which leads to high-pressure level in the system, and the cycle
is in ‘transcritical’ stage. Transcritical stage means the process with subcritical low-
side pressure and supercritical high-side pressure (for a single-stage cycle). Hence to
obtain optimum efficiency, the high-side pressure has to be controlled. The efficiency
of a heat pump is defined as the ratio of the energy output (enthalpy difference at
heat rejection) to the power input to the compressor (enthalpy difference during
compression).

Maximum efficiency is obtained with low power consumption with high heat
rejection [1]. In order to reduce the losses in expansion processwith high-temperature
change, the temperature of refrigerant at the exit of compressor can be reduced by
multistage compression with intercooling [2]. To improve the working of vapour
compression system, the thermodynamic cycle of refrigerant must be similar to
Carnot ideal i.e., a rectangle on the T-S diagram. The irreversibility in the system
with CO2 as refrigerant is its high temperature of heat rejection and the losses in the
expansion process. In order to reduce the loss, the refrigerant can be cooled [3]. Hall
and Trogt mentioned that pasteurization is a time temperature-dependent process.
The microbial reduction is achieved when milk is heat-treated at 72 °C for 15 s or
127 °C for 4 s [4]. The COP and heat transfer increases with increase in water mass
flow rate. LMTD decreases with increase in mass flow rate and pressure decreases
[5].

A theoretical study on CO2 heat pumps for hydronic heating application are
studied in which the desired temperature of water is obtained by reducing the mass
flow rate of water and resulted in increase in efficiency without loss [6]. Fouling
in heat exchanger is a major disadvantage in pasteurization process over a period
of time because of high surface temperature. Merlin and Rosenthal concluded that
batch heating in microwave will be more efficient in pasteurization when compared
to conventional heating systems. A design of heat pump system based on liquid to
liquid principle is made to undergo pasteurization process at 69 °C and then cool to
temperature of 32 °C [7].The mixing of CO2 in milk at 6.9 MPa, 45 °C for 60 min
shows a low microbial activity. The activities of micro-organisms are totally inacti-
vated by CO2 treatment at 10 MPa and 36 °C [8].In a simulation model for CO2 heat
pump, it is declared that pressure and isentropic efficiency of compressor depends
on swept volume and heat transfer rate of gas cooler depends on refrigerant flow
rate [9]. The proposed transcritical CO2 Heat pump shows that the highest primary
energy-saving rate of 51.5% in dairy industries [10].

The functional designs of heat exchangers, expansion devices, and compressors
have been playing a pivotal role in performance of CO2 HP by using different CO2 HP
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cycles coupled with auxiliary components, hybrid systems, and refrigerant mixtures
[11]. A suitable transcritical CO2 refrigeration system for continuous pasteurization
and milk chilling process in a dairy plant has been obtained and analyzed [12]. To
reduce the power consumption, a heat pump is used for both cold and heat gener-
ations. The evaporating, compensating temperatures, engine rotation are the factor
influences heat-pump performance [13]. The CO2 heat pumps provide slightly lower
COP (5–25%) related to other conventional refrigerants in industrial heat pumps,
they offer significantly higher volumetric capacity and lower pressure ratios of (3–4
times) [14]. The general performance and study for installation of heat pump that
generated 184 °C using district heating as a heat source has been investigated [15].

2 Methodology

2.1 Pasteurization

Pasteurization is the process of eliminating micro-organisms in packed foods to
increase the shelf life of industrial products. Milk is suitable for microbial growth.
To achieve food preservation and safety, pasteurization is to be done before it is
packed in the factory. Milk is heat-treated to prevent diseases like tuberculosis, diph-
theria, scarlet fever and Q-fever. It kills harmful bacteria like Staphylococcus aureus,
Salmonella, Yersinia, Campylobacter and Escherichia coli. High-temperature short-
time (HTST) pasteurization means the treatment of milk to a high temperature of
71 °C for a time period of 15 s to kill the pathogens in milk and ensure the safety.
It can provide a shelf life of about 15 days. Alkaline phosphatase present in milk is
sterilized by pasteurization process which practically kills the bacteria in milk.

2.2 Vapour Compression System

Heat engine working in reverse process, i.e., Reverse Carnot cycle is the fundamental
principle of vapour compression system. Here, heat is transferred from cold body
to hot body. Work has to be done to transfer heat. It is a compression process in
which the refrigerant pressure is increased by the compressor and flows through
condenser to transfer heat and then flows to evaporator with initial low pressure
through expansion valve. The compressor used in the cycle can be screw, centrifugal
or reciprocating types. The refrigerant (CO2) enters the compressor at low pressure
and low temperature in gaseous state and leaves at high temperature andhighpressure.
In this process, electric motor is used to produce work. The condenser is a heat
exchanger. Here, heat is transferred from refrigerant to the fluid to which the heat is
to be transferred. Phase change occurs in refrigerant and the refrigerant is in liquid
state when leaving the condenser.
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Fig. 1 Proposed layout of experimental setup

For safety reasons, there are pressure control devices to control and monitor
the equipment. It reduces the pressure of refrigerant and consequently, reduces the
temperature. As these changes occur, the refrigerant will be in liquid vapour mixture
stage at the exit with 75% and 25% respectively. The refrigerant enters at low temper-
ature and absorbs latent heat of vapourization.Heat is extracted from the surrounding,
phase changeoccurs and the refrigerantwill be in vapour state at the exit of evaporator.

Milk is heat-treated to prevent diseases like tuberculosis, diphtheria, scarlet
fever and Q-fever. It kills harmful bacteria like Staphylococcus aureus, Salmonella,
Yersinia, Campylobacter and Eschericha coli. High-temperature short-time (HTST)
pasteurization means the treatment of milk to a high temperature of 71 °C for a time
period of 15 s to kill the pathogens in milk and ensure the safety. It can provide
a shelf life of about 15 days. Alkaline phosphatase present in milk is sterilized by
pasteurization process which practically kills the bacteria in milk (Fig. 1).

3 Mathematical Modelling of Equation

Heat transferred from the heat exchanger to tank is denoted by Q1 and the heat
transfer is given by the the following equation (Eq. 1)

Q1 = ṁCP(T2 − T1) (1)
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Heat transferred from tank 2 to tank 3 is denoted byQ3 and it is given by following
equation (Eq. 2)

Q3 = ṁCP(T2 − T3) (2)

From the following equation (Eq. 3), the enthalpy h3 value can be determined,
where h2 is taken from CO2 refrigerant chart (R744)

Q1 = h2 − h3 (3)

At initial temperature of 25 °C, the enthalpy h1 is taken as constant, h1= 400 kJ/kg,
Work output WC from the compressor is given by the following equation (Eq. 4)

WC = h2 − h1 (4)

The enthalpy h5 can be calculated from the following equation (Eq. 5)

h5 = h1 + Q3 (5)

The heat given to the heat exchanger is denoted by Q2 and the heat transfer is
given by the following equation (Eq. 6)

Q2 = h5 + h3 (6)

The coefficient of performance COP can be determined by the following equation
(Eq. 7)

COP = (Q1 + Q3)

WC
(7)

4 Analysis

In heat pump system, the inlet temperature of refrigerant is assumed to be at 25 °C
i.e., at atmospheric temperature Milk must be heated to 70 °C in the first stage. The
refrigerant could be set to a temperature of 80 °C. But in order to avoid subcooled
conditions of refrigerant, the outlet temperature of refrigerant from compressor is
assumed from 100 °C so that after expansion, the refrigerant will not fall in subcooled
temperature as it is not suited for real-time application. The outlet temperature of
the refrigerant from compressor is varied from 100 to 140 °C to find the maximum
efficiency of the system at various working conditions (Table 1).



16 C. Subramaniyan et al.

Table 1 Experimental result for the working temperature of refrigerant after compression (120 °C)

S. No. P h2 h3 WC h5 Q2 COP

Bar kJ/kg kJ/kg kJ/s kJ/kg kJ/s –

1 90 540 280 140 576.85 296.85 3.120

2 100 530 270 130 576.85 306.85 3.360

3 110 520 260 120 576.85 316.85 3.640

4 120 515 255 115 576.85 321.85 3.798

5 130 510 250 110 576.85 326.85 3.971

5 Result and Discussion

COP of the system increases with increase in pressure. When temperature is
increased, the COP of system decreases. For 100 °C, the COP of system ranges
between 4 and 8. For 140 °C, the COP of system is decreased. Hence, the refrigerant
must be compressed to give an optimum temperature of 100 °C to get maximum
COP. Increased work of compressor to achieve 140 °C leads to inefficient system
(Figs. 2, 3, 4 and 5).

The work of compressor decreases with increase in pressure. The work input of
compressor for 100 °C is much lower when compared with that of 140 °C. In order to
achieve a higher COP the work input of compressor must be minimum. Enthalpy of
refrigerant at various stages of system is compared. Here, the enthalpy is maximum

Fig. 2 Pressure-enthalpy diagram
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Fig. 3 Coefficient of performance for different pressure

after the supply of heat from heat source (h5) and minimum after heat supplied at
stage 1 (h3).

6 Conclusion

Heat pump system is used in many applications in day-to-day life. In industries,
to expand the production and increase the efficiency of working systems, research
and development is done in every unit. The idea of using CO2 as refrigerant is an
advanced system in heat pump industries. Conducting experiments by varying input
parameters and achieving optimum results than earliermethods is done to increase the
efficiency of production unit. Study of theoretical concepts and analysis of calculated
readings and interpretation of results is done for heat pump system to be used in milk
pasteurization unit.
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Fig. 4 Work input for compressor with respect to different pressure
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Fig. 5 Enthalpy of refrigerant for different pressure
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Applications of Additive
Manufacturing—A Review

S. Madheswaran, Karuppan Sivakumar, E. Prakash, S. Kalaivanan,
N. Someswaran, and J. Vishnudeepan

Abstract 3D printing produces components with complicated geometries without
complexity. Printed part’s strength depends on the material property. Optimizing the
printing parameters provides improved mechanical properties of the printed parts.
Even though it is not improved as expected, another method is to introduce the
composite material. Polymer composites have increased mechanical properties, and
so they are used in producing high-quality objects. 3D printing is helpful in various
composites fabrication having high good-quality, high accuracy and customdesigned
model. Here, we present detailed theoretical study on various 3D printing technolo-
gies that use polymer composite as raw material. Due to various advantages in 3D
printing technologies, they play an important role in biomedical, aerospace, automo-
bile and electrical engineering. Common 3D printing technologies are selective laser
sintering, stereolithography, fused deposition modeling which are studied. Further,
we studied about acrylonitrile butadiene styrene (ABS) and injection molding
process. In this work, we study on particles, fiber and nonmaterial composite.

Keywords Fusion deposition modeling (FDM) · 3D printing · Selective laser
sintering (SLS) · Nonmaterial polymer composite

1 Introduction

3D printing, also known as additive manufacturing (AM), rapid prototyping (RP)
is a addition process that was defined by Charles Hull in 1986 [1, 2]. Since objects
are created in addition manner, waste gets reduced and accuracy gets improved [3].
The mesh information is cut by a construct document of two-dimensional parts
and dispatched to the 3D print machines. Thermoplastic polymer substances inclu-
sive of acrylonitrile butadiene styrene (ABS) [4] got lots of properties that include
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lightweight, abrasion resistance, etc. This is useful for industrial application. Poly-
lactic acid (PLA) [4–6], polyamide (PA) and polycarbonate (PC) [7] as well as
thermosetting polymer substances like epoxy resins will be processed by means of
3D printing. Therefore, epoxy resins are suitable for UV or warmth-assisted printing
process. Due to numerous alternatives of substances, 3D printing of polymers has
been used in areas such as aerospace industries for growing complicated lightweight
systems, architectural companies for structure models, art fields for replication or
change and clinic field for print the tissue and organ [8]. But most of the 3D print
polymers produced are now used for in preference to useful additives, considering
the fact that non-polymer composite materials made by means of 3D printings loss
of power as full practical elements. Those problems give restrict to huge commer-
cial utility of 3D print polymers. 3D printing solves the material variety and power
loss problems together by processing of different materials using single universal
machines which replaces many conventional machines.

2 3D Printing Technologies

3D printing is a method that build 3D model by primarily by CAD models [9].
Many printing methods are used to produce polymers which include fused deposi-
tion modeling etc. Other 3D printing technique is under development process. Each
3D technique has its personal advantages and limitations in generating composite
products. The choice of fabrication method depends on the starting materials, neces-
sities of processing velocity and resolution, expenses and performance necessities
of final products.

2.1 Fused Deposition Modeling (FDM)

Fused deposition modeling (FDM) is also known as fused filament fabrication (FFF)
which is a 3D printing process that uses thermoplastic filament which has a rawmate-
rial, and the thermoplastic materials such as PC, ABS and PLA are used since they
have lowmelting temperature.We study that in FDM the filament is continuously fed
through the heated extrusion nozzle where the filament gets melted and it forms layer
by layer on the platformwhich is shown in Fig. 1. The excellent of published compo-
nents are controlled by means of altering various printing parameters. Outcomes of
process are mentioned by Sood et al. [10].

In this paper, we made a study that filament-shaped composite material can only
be printed by FDM process. Homogeneous disperse reinforcements are difficult
to produce in FDM process. Also, whole elimination of support material is used
throughout printings that is difficult. Many printers has advantages such as large
height-shaped objects which can produce high-dimensional accuracy and simplicity.
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Fig. 1 Layer-by-layer object
build up in FDM process
using filament as raw
material [11]

2.2 Stereo Lithography (SLA)

Stereo lithography is a process which uses liquid photo polymeric resin in the state of
monomer as a rawmaterial andworks based on photo polymerization principle. Upon
exposure to concentrated UV rays, the monomer turns to a polymer. This process
repeated in 2D layer by layer pattern is repeated untill the component completely
fabricated. Typical polymer substances utilized in SLA are acrylic and epoxy resins.

Understanding the curing reactions happening for the duration of polymerization
is vital to govern the excellent of final printed elements. Intensity of laser strength,
scan pace and duration of publicity has an effect on the curing time and printing
decision. Photoinitiators and UV absorbers may be introduced to the resin to control
the depth of polymerization. The primary gain of SLA printing generation is the
capability to print components with excessive decision. Since SLA does not uses
nozzle feeding which avoids material clogging issues. Even though it has many
merits, the parts produced tends to shrink and become brittle since it is exposed to
UV rays present in the atmosphere.

Fig. 2 Object is build in the platform layer by layer, on concentration of UV laser over resin
reservoir [12]
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2.3 Selective Laser Sintering (SLS)

Selective laser sintering technique is much like other 3DP method, and they uses
powder as a raw material. liquid binder is not used in SLS; in SLS, laser beam gets
scanned on the powder; due to high intensity of laser over the powder, the powder
gets fused with neighbor powder through molecular diffusion and the object is build
layer by layer over the platform, and unused powder is used for further process,
and they are used mainly for aerospace applications [13]. The feature resolution is
determined with the aid of length, light energy and test pace. Also theoretically any
geometry can be produced using SLS approach, sintering cures and creates a voidless
dense components [14]. To date, polycaprolactone (PCL) and polyamide (PA) are
broadly used laser sintering substances.

3 3D Printing of Polymer Matrix Composites

Polymer substances are widely used in 3D printings technology. They have prop-
erties such as low-melting point and process flexibilities. 3D printed polymers
must have geometric functionality, and loss of mechanical power is a large task
for extensive application. In current year, improvement of composites material
leads to development in complex shapes. Particles strengthen the printed composite
substance.

3.1 Particle-Reinforced Polymer Composite

We studied that particle-reinforced materials are used in many field because of the
low cost, and this is to improve the residence of polymer matrix composites. SLS
and SLA use the powder form materials. And also the FDM process uses the same
materials. Glass beds [15], tensile and garage modulus are the most of the problems
in the 3D printing technology. SLA technique was developed by Kalsoom et al. [16]
for production of warmth sink composite structure. And the addition of diamond
debris results in warmness.

3.2 Fiber-Reinforced Polymer Composites

The properties of polymer matrix substance are increased due to the fiber reinforce-
ment. FDM and direct method techniques are the most same 3D printing methods to
build fibers, and also, it is widely used inmany applications. Composite filament used
in FDM process are fabricated by extrusion method with uniform blend of polymer
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and fibers in required proportion using double extrusion process. And in the direct
writing method, fibers and Polymer are blended and extruded out, and creation of
pure form of powder fibermixture is very difficult to produce in any other 3D printing
technologies [17].

3.3 Nanocomposites

The additions of nonmaterials with the polymers always results in good performance
of composite materials. That is why the nonmaterials together with carbon, graphite
and steel nano-particles have good mechanical, electrical and thermal properties in
a good manner.

Nano materials are often used as an additive with composites to improve mechan-
ical properties. The addition of some of the composites results in good polymer parts
compared to other polymers. And also, all composite parts are used to to reduce the
length. Lin et al. [18] proved that photopolymer composite truss by the SLA method
shown in Fig. 3. Carbon nanofiber, carbon black ok and carbon nanotube are some
of the stronger electric property nanomaterials.

4 Biomedical Application

Development of additivelymanufactured compositematerials find a significant appli-
cations in medical industries [20]. By use of the derived photo-informations, patient
rare tissues and organs with different difficult 3D micro-architecture are build by the
3D printings technologies. Polymer materials now widely use for printing the sides.

Fig. 3 Shows the polymer truss with GOs reinforced that have good ductility [19]



26 S. Madheswaran et al.

The common developments of printable things for biomedical bags are printability,
biocompatibility and perfect mechanical properties. It is important for good feature
to ensure that produced 3D part has an amazing work with all tissue [19].

4.1 Electronics

In this work, we studied that 3D printing can be used in various digital prototypes
with less time development [21]. 3D printed composites are combined with electrical
conduit materials which are used as digital device. FDM prints the pizeo-resistive
and capacitive sensors. 3D printing applications are done by those two sensors very
effectively and successfully, and finished part is done by PLA usage. Evaporation
of solvents occurred, and continually 3D microstructure is formed. Simon et al.
fabricated electronic sensor that ranges from piezo-resistive sensor to capacitive
sensor [11]. The piezo-resistive sensors sense mechanical flexing which is embedded
into clever vessels to locate the presence and shortage of water.

4.2 Aerospace Applications

Time-consuming and high production cost is the only defect in aerospace indus-
tries. So, this method is well suited for improvement of components. Now, turbine
blades are made of metal materials [22, 23], because metals have good strength and
flammable than polymer.

5 Results and Conclusion

3D printing offers accurate-shaped objects that are eco-friendly one, and it also
reduces time- and cost-efficient method. Thermoplastic materials such as ABS, PLA
are used for various 3D printing processes. As per our study on these ABS composite
materials, this is widely used for a aerospace applications and biomedical field. Using
3D printing technologies produced, composites have fatigue strength and corrosion
resistance. In this study, we knew that there is no material wasted. In this work, we
theoretically studied about various processes of 3D printing and polymer composite
for 3D printing process briefly.



Applications of Additive Manufacturing—A Review 27

References

1. Standard A (2012) F2792, standard terminology for additive manufacturing technologies.
ASTM International, West Conshohocken

2. Hull CW (1986) Apparatus for production of three-dimensional objects bystereolithography.
Google Patents

3. Levy GN, Schindel R, Kruth JP (2003) Rapid manufacturing and rapid tooling with layer
manufacturing (LM) technologies, state of the art and future perspectives. CIRP Ann Manuf
Technol 52(2):589e609

4. Tymrak B, Kreiger M, Pearce J (2014) Mechanical properties of components fabricated with
open-source 3-D printers under realistic environmental conditions. Mater Des 58:242e6

5. Tran P, Ngo TD, Ghazlan A, Hui D (2017) Biomaterial 3D printing and numerical analysis of
bio-inspired composite structures under in-plane and transverse loadings. Compos Part B Eng
108:210e23

6. Melnikova R, Ehrmann A, Finsterbusch K (2014) 3D printing of textile-based structures by
FusedDepositionModeling (FDM)with different polymermaterials. In: IOP conference series:
materials science and engineering. IOP Publishing

7. Garcia CR, Correa J, Espalin D, Barton JH, Rumpf RC, Wicker R, Gonzalez V (2012) 3D
printing of anisotropic materials. Prog Electromagn Res Lett 34:75e82

8. Murphy SV,Atala A (2014) 3D bio printing of tissues and organs. Nat Biotechnol 32(8):773e85
9. Rengier F, Mehndiratta A, von Tengg-Kobligk H, Zechmann CM, Unterhinninghofen R,

Kauczor H-U, Giesel FL (2010) 3D printing based on imaging data: review of medical
applications. Int J Comput Assisted Radiol Surg 5(4):335e41

10. Sood AK, Ohdar R, Mahapatra S. Parametric appraisal of mechanical property of fused
deposition modeling processed parts. Mater Des 2010;31(1):287e95.

11. Leigh SJ, Bradley RJ, Purssell CP, Billson DR, Hutchins DA (2012) A simple, low-cost
conductive composite material for 3D printing of electronic sensors. PloS one 7(11):e49365

12. Melchels FP, Feijen J, Grijpma DW (2010) A review on stereo lithography and its applications
in biomedical engineering. Biomaterials 31(24):6121e30

13. Gu D, Meiners W, Wissenbach K, Poprawe R (2012) Laser additive manufacturing of metallic
components: materials, processes and mechanisms. Int Mater Rev 57(3):133e64

14. Goodridge R, Shofner M, Hague R, McClelland M, Schlea M, Johnson R, Tuck C (2011)
Processing of a Polyamide-12/carbon nanofibre composite by laser sintering. Polymer Test
30(1):94e100

15. Chung H, Das S (2006) Processing and properties of glass bead particulate-filled function-
ally graded Nylon-11 composites produced by selective laser sintering. Mater Sci Eng A
437(2):226e34

16. Kalsoom U, Peristyy A, Nesterenko P, Paull B. A 3D printable diamond dipolymer composite:
a novel material for fabrication of low cost thermally conducting devices. RSC Adv
6(44):38140e7

17. Guo N, Leu MC (2006) Additive manufacturing: technology, applications and research needs.
Front Mech Eng 8(3):215e43. Rapid Prototype J 12(5):292e303

18. Lin D, Jin S, Zhang F, Wang C, Wang Y, Zhou C, Cheng GJ (2015) 3D stereolithography
printing of grapheme oxide reinforced complex architectures. Nanotechnology 26(43):434003

19. Hollister SJ. Porous scaffold design for tissue engineering. Nat Mater2005;4(7):518e24.
20. Meaney J, Goyen M (2007) Recent advances in contrast-enhanced magnetic resonance

angiography. Eur Radiol 17:B2e6
21. MacDonald E, Salas R, Espalin D, Perez M, Aguilera E, Muse D, Wicker RB. 3D printing for

the rapid prototyping of structural electronics. Access, IEEE 2:234e42
22. Watkins T, Bilheux H, An K, Payzant A, Dehoff R, Duty C, Peter W, Blue C, Brice CA (2013)

Neutron characterization for additive manufacturing. Adv Mater Process 171(3):23e7
23. Malhotra SK, Goda K, Sreekala MS (2012) Part one introduction to polymer composites. In:

Polymer composites, 1st edn. Wiley, New York



Review on Recent Additive
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E. Prakash, M. Subramaniyan, Anandha Moorthy Appusamy,
P. Mathan Kumar, M. Dinesh, M. Naveen, and C. Santhosh

Abstract Additive manufacturing (AM) is the best technology inmanufacturing the
components without complexity. This technology is classified as seven categories
by ASTM standards. Based on types of materials, it is classified into two. Mate-
rials and types of technology define the property of fabricated parts. Single material
printed parts give less material property, to improve this property industries fetching
towards making composite material to improve the mechanical strength and making
functional parts. Ceramic matrix composites are substances which can be applied
for excessive heat considered for different areas consisting of a glass, aerospace
and so on. It may be hard to manufacture CMC using conventional mould tech-
niques because of hardness and brittle. Additive manufacturing technology is virtual
production technology that provides a couple ofmerits over traditionalmanufacturing
process, together with producing complex elements, matrix-unfastened production,
quick improvement process and so on. AM era has the same fashioning abilities in
forming ceramics components, but the lack of bonding creates a lack of toughness,
these properties are created prone to ceramic components fabrication failure.

Keywords Ceramic matrix · Fibres · Selective laser sintering

1 Introduction

Ceramic matrix composites are materials consisting of a ceramic matrix companied
with a ceramic (oxides and carbides) dispersed phase. Ceramics that have crystal
structures consist of positive ions. The traditional ceramics are based mainly on
pure raw material of clay and silicates, polymers. CMCs are reinforcement by
either continues fibres or discontinuous fibres. Such fabrication routes are success-
fully employed for preparing composite reinforced with a discontinuous phase.
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Which decreases the efficiency and yield charge? A difference of AM technology
had been applied to produce CMC elements along with direct ink writing (DIW),
three-dimensional printing (3DP), selective laser sintering (SLS), laminated object
modelling (LOM), and stereolithography (SL). Many polymer composite materials
are heat resistant and non conductive compare to steel [1, 2]. The fibre weaving
approach has been extensively taken,wherein fibre reinforcement efficient and exces-
sive mechanical homes of the composites display exquisite improvements evaluating
with gel-casting.

2 Ceramic Matrix Composites for Additive Manufacturing

These sequences in CMC element manufacturing process performed on this method
are regular to the conventional CMC components producing procedure. In recent,
these components production totally on robocasting, 3D printing and different tech-
nology belong to production era. Ceramics, glass and carbon fibres among the most
advanced rapid growth due to investments in CMCs and hybrid parts become increas-
ingly important. And this type of SLS era is referred to as direct selective laser
sintering (DSLS) that much like precept of direct metal laser melting (DMLM) for
metal substances.

2.1 Robocasting

In the production manner, ceramic composite components are less frequent as direct
write assembly or micro-robotizes deposition of AM technology based on direct
extrusion of slurry-based inks. The ceramic element is finished with some other
ceramic techniques. The transformed and concentrated equipment is the key part
of utilizing direct ink writing ([2, 3, 4, 5, 6]). An ink with appropriate rheological
properties for robocasting must be able to own through the nozzles which are the
important thing aspect for combining the printing system and the homes of the
composite material properties. These houses of the ink and themicrostructure houses
of broadcast materials are mentioned.

2.1.1 Rheological Properties

Ceramic particle reinforced steel composites are widely used in electronics,
aerospace and other industries. The investigation of rheological behaviour of semi-
solid alloys imposed with other particles. Direct ink writing era has necessities the
rheological residences of combined ink. The ink desires certain behaviour [2, 7, 8]
which allows the combined ink to be without difficulty exposed via the micro-head



Review on Recent Additive Manufacturing Technologies 31

Fig. 1 Mechanical properties and microstructure correlation

to pass much sufficient yield strength to regain shape. A vital density for combined
ink needs to keep the head from closing that easily retrieved by section parts.

2.1.2 Mechanical Properties and Microstructure

The hard ceramic particulate fibre improved the mechanical properties especially
hardness and microstructure refinement while mixing it with the appropriate resin.
The microstructure as well as certain properties of the manufacturing composite is
analysed as shown in Fig. 1. The orientated fibre proves the electricity in neighbour-
hood location of the broadcast part, which gives fashionable to education for change
in direction along with object for ceramic matrix composite.

Recently, the contribution of fibres has presented an practical investigations, but
most lectures of applications and derivations were suggested [9]. The inks had been
fantastically wide variety of fibres, SiC powder and methyl silsesquioxane.

2.2 3D Printing

Three-dimensional printing also called [10, 11]. 3D printing is a powdered bed typed
on totally printing technology. In this manner of producing, those components are
totally powder that is flippantly blended. In these types of processes, the excessive
material wastes have been avoided. In this material production, the support material
is used to withstand the finished product.

2.3 Selective Laser Sintering (SLS)

The working volume of SLS is maintained with appropriate temperature so that laser
supplies the energy required to cross the threshold sintering temperature. An inert
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Fig. 2 Layer orientations and loading directions

environment is created using continuous supply of gas such as nitrogen/argon [5, 12,
13]. This is to minimize fire hazards as the fine particles have high activation.

Laser beam is positioned using a pretty mirror capable of deflecting in two direc-
tions. Therefore, this has very low inertia and hence high speed and accuracy; in spite
of low production rate, the 3D printing components need more than one precipitation
cycle.

2.4 Laminated Object Manufacturing (LOM)

It has to produce ceramic where a product is developed by good surfacing layers of
required material bending the temperature and pressure. This is used to produce the
laminated objects [8]. They can be easily renewable. The most common materials
used in LOM are thermoplastics such as PVC. Figure 2 shows layer orientations and
loading directions of laminated object manufacturing.

It is the major difference in AM technique compared with CNC, various reinforce
substances occur as a debris in LOM. It can be contouring and applying of sheet
material. The materials can be used as foil like paper, metals, plastics, fibre glass and
composite [14].

2.5 Stereolithography (SLA)

Stereolithography is a technique which is used to produce projected model. UV laser
is used as the light energy source. When it is scanned on the seceded region over a
layer of liquid polymer, that region becomes solid. In this way, required layer can be
realized over a liquid surface [15]. Figure 3 shows that the SLA technology is ideal
for producing particle of reinforced ceramics.

The stress concentration of laser beam is positioned using a small mirror capable
of deflecting in two directions. Therefore, this has very low inertia and hence high
speed and accuracy. The power of the laser decides the layer thickness [1, 16, 17]. SLS
and Quick cast are used for fabricating direct metal parts and tools like KeITool used



Review on Recent Additive Manufacturing Technologies 33

Fig. 3 SLA 3D printing stereolithography

for indirect tooling [8]. So a complete solution for physically prototyping is available
from one source. Quick cast is suitable for producing castings of any metals with the
fine surface finish which are ideal for photo-elasticity.

3 Results and Conclusion

The ceramics developed by the 3D printing technologies were initially found to have
some favourable properties which promote intensive work for their use in industries
and in heat conversion devices. 3D printed ceramics matrix composites toughness
increases due to reinforcement, and there is no sudden failure occurs in ceramics.
In this study, we know that ceramics have high strength to weigh ratio, wear and
corrosion resistance and lower cost compared to other composites. Thus, the ceramics
are used in aerospace applications and in various fields, etc. Improvement in the
toughness of these ceramics is possible by making composites with ceramics using
3D printing technologies.
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Studies on Electric Discharge Machining
of AA6063 Alloy Using Taguchi
Approach

C. Boopathi, C. Veera Ajay, S. Manoj Vignesh, and S. M. Saravanakumar

Abstract Electric discharge machining is a non-traditional electrothermal
machining process, in which electrical energy is used to generate electrical spark
and material removal occurs due to thermal energy produced by the spark. Electric
discharge machining can be used to machine irregular geometries in small batches
or even on job-shop basis. In this research work, the impact of EDM input parameter
such as peak current (I), voltage (V ), pulse-on time (TON), and flushing pressure (Pf)
on material removal rate (MRR), electrode wear rate (EWR), and surface rough-
ness (SR) in aluminum alloy AA6063 was studied and discussed the same in detail.
Taguchi approach (L9 orthogonal array) was used to design the experimental layout.

Keywords Electrical discharge machining · Electrode · Current · Pulse-on time ·
Taguchi approach

1 Introduction

Electrical discharge machining (EDM) is an electrothermal machining process
used to machine high strength temperature-resistant alloy and materials difficult-
to-machine. The process is most commonly used in tool and die, aerospace, automo-
bile, chemical, and biomedical industries. EDM process has been used to machine
complex geometrics with high accuracy. Chandramouli and Eswaraiah [1] studied
the effect of input process parameters such as TON, TOFF, tool lift time, and I on
output response such as SR and MRR in stainless steel (SS) workpiece machined
with electrode made of copper tungsten. L27 Orthogonal array (OA) was used to
frame the experimental design layout. ANOVA method was carried out to analysis
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the influencing process parameter over response parameters. The authors optimized
the input parameter by considering the response parameters which having minimum
surface roughness (SR) and maximumMRR. Rajmohan et al. [2] studied the impact
of selected input process parameters over response parameter such as MRR while
machining 304 SS workpiece. L9 OA was used to frame the experimental design
layout. The authors concluded that pulse-OFF time and selected current are the most
influencing process parameters. Das et al. [3], the authors concluded that response
surface methodology (RSM) and Jaya algorithm (JA) are found to be effective tool
for modeling and optimizing the EDM process. Selvarajan et al. [4] studied the influ-
ences of input parameters such as dielectric flushing pressure, TON, TOFF, and I on
output response parameters such asTWR,MRR, perpendicularity (PER), cylindricity
(CYL), and circularity (CIR) in ceramic composite (Si3N4–TiN)workpiecemachined
with copper-based electrode. The authors determined the optimal machining param-
eter using the gray relational grade (GRG). Bhaskar et al. [5] proposed the multi-
response optimization method for EDM of aluminum alloy. The result indicated that
pulse-on time and peak current increase with increases in TWR, MRR, overcut, and
surface roughness. Krishnaraj [6] used the EDM for machining titanium alloy. Hole
taper, TWR, and MRR were selected as response parameter. Multiple regression
analysis was used to extend the mathematical models. The author concluded that
Ton and Ip are the most influencing parameter in the EDM process. Dewan et al. [7]
used the electrical discharge machining for machining Nimonic 90 work material.

The optimal process parametric combination was obtained using gray relational
analysis. The result shows that as TON increases there will be increases in surface
roughness because discharging duration available is more. Assarzadeh et al. [8]
optimized the input parameters in EDM process based on statistical technique. The
significant factor affecting TWR is TON, I and duty cycle. The surface roughness is
mostly influenced by I, duty cycle and TON. Daneshmand et al. [9] studied the effects
of EDM parameter on NiTiSMA workpiece machined using copper electrode. The
authors concluded that TWR and MRR increase with an increase in TON and I.
TWR is minimum while using de-ionized water as flushing medium rather than
kerosene. Pradhan and Biswas [10] machined the AISI D2 tool steel workpiece
using copper electrode in EDM machine. RSM approach was implemented for the
experimentation. It can be observed from this research work that SR has a direct
association with the I and T on.

2 Materials and Method

The experiments were performed on RELIABLE-make EDM machine shown in
Fig. 1. The workpiece material chosen for the experiment is aluminum alloy AA
6063 having dimension of 10 mm × 10 mm × 4.1 mm. Electrodes made of brass
with 2mmdiameterwere used as tool, and commercial EDMoilwas used as dielectric
fluid. The investigational samples are shown in Fig. 2 (Table 1).
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Fig. 1 RELIABLE-make
EDM machine

3 Results and Discussions

3.1 Material Removal Rate

The regression equation for MRR is shown in Eq. 1.
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Fig. 2 Experimental samples

Table 1 Experimental design layout

S. No I (A) V (V) TON (µs) PF (Mpa) MRR (g/min) TWR (g/min) SR (µm)

1 5 20 150 0.25 0.0377 0.0027 5.78

2 5 40 300 0.5 0.0320 0.0036 6.06

3 5 60 450 0.75 0.0210 0.0048 6.88

4 10 20 300 0.75 0.1187 0.0066 6.91

5 10 40 450 0.25 0.0908 0.0075 7.70

6 10 60 150 0.5 0.0520 0.0042 6.19

7 15 20 450 0.5 0.1825 0.0059 7.60

8 15 40 150 0.75 0.1297 0.0038 6.82

9 15 60 300 0.25 0.1015 0.0082 8.02

MRR = −0.00583+ 0.010765I − 0.001370V + 0.000083TON + 0.02633Tf (1)

The R2 value is 0.9961 for MRR which states that the model is 99.61% accom-
plished to predict the response value. TheR2 value is in better accordwith the adjusted
R2 (0.9921). The ANOVA value obtained in minitab for MRR is shown in Table 2.

From Figs. 3 and 4, it is observed that increasing the current (Ip) from 5 to 15 A
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Table 2 ANOVA for MRR

Source DF Adj-SS Adj-MS F-Value P-Value

Regression 4 0.023083 0.005771 253.39 0.000

I 1 0.017384 0.017384 763.31 0.000

V 1 0.004506 0.004506 197.84 0.000

Ton 1 0.000934 0.000934 41.00 0.003

T f 1 0.000260 0.000260 11.42 0.028

Error 4 0.000091 0.000023

Total 8 0.023174
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Fig. 3 Mean of SN ratio plot for MRR

result in increased MRR. The increase in Ip produces larger spark which creates a
higher temperature in the workpiece, which causes large amount of material removal
from theworkpiece.MRR increases slightly and then decreaseswith rise inTON. Rise
in TON, increases the supply of spark energy to the metal which result in increased
MRR. The MRR increases with decreases in voltage.



40 C. Boopathi et al.

15105

0.14

0.12

0.10

0.08

0.06

0.04

0.02
604020 450300150 0.750.500.25

Current (I)

M
ea

n 
of

 M
ea

ns

Voltage (V) Pulse on time (TON) Flushing pressure(PF)

Material Removal Rate
Data Means

Fig. 4 Mean of means plot for MRR

3.2 Tool Wear Rate

The regression equation for TWR is shown in Eq. 2.

TWR = 0.00089+ 0.000227I + 0.000017V + 0.000008TON − 0.00213Tf (2)

The R2 value is 0.6792 for MRR which states that the model is 67.92% accom-
plished to predict the response value. TheR2 value is in better accordwith the adjusted
R2 (0.3585). The ANOVA value obtained in minitab for TWR is shown in Table 3.

From Figs. 5 and 6, it is observed that increasing the current (Ip) from 5 to 15 A
result in increased TWR. The increase in Ip produces larger spark which creates a

Table 3 ANOVA for TWR

Source DF Adj-SS Adj-MS F-value P-value

Regression 4 0.000019 0.000005 2.12 0.243

I 1 0.000008 0.000008 3.36 0.141

V 1 0.000001 0.000001 0.29 0.619

Ton 1 0.000009 0.000009 4.08 0.113

T f 1 0.000002 0.000002 0.74 0.437

Error 4 0.000009 0.000002

Total 8 0.000029
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Table 4 ANOVA for SR

Source DF Adj-SS Adj-MS F-value P-value

Regression 4 4.4604 1.11511 11.36 0.019

I 1 2.3064 2.30640 23.49 0.008

V 1 0.1067 0.10667 1.09 0.356

Ton 1 1.9153 1.91535 19.51 0.012

T f 1 0.1320 0.13202 1.34 0.311

Error 4 0.3928 0.09820

Total 8 4.8532

higher temperature in the tool, which causes large amount of material removal from
the tool. TWR increases highly and then decreases with rise in TON. Rise in TON,
increases the supply of spark energy to the metal which result in increased TWR.
The TWR increases with increase in voltage.

3.3 Surface Roughness

The regression equation for SR is shown in Eq. 3.

SR = 4.544+ 0.1240I + 0.00667V + 0.003767TON − 0.593Tf (3)

The R2 value is 0.9191 for MRR which states that the model is 91.91% accom-
plished to predict the response value. TheR2 value is in better accordwith the adjusted
R2 (0.8381). The ANOVA value obtained in minitab for SR is shown in Table 4.

From Figs. 7 and 8, it is observed that increasing the current (Ip) from 5 to 15 A
and TON from 150 to 450 µs result in decreased SR. Increased TON generates more
amount of discharge energy that creates the larger crater on the work surface result
in poor surface finish. The SR increases with decreases in voltage.

3.4 Optimization

The optimized machining condition predicted for the minimum SR, minimum TWR,
and maximum MRR is 6.14 µm, 0.0033 g/min, and 0.1159 g/min for a peak current
(I) of 10 A, voltage (V) of 20 V, pulse-on time (T on) of 150µs, and flushing pressure
(T f) of 0.750 MPa (Fig. 9).
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3.5 Optical Microscope

The opticalmicroscopewas used to carry out themicroscopic analysis to observer the
surfacemorphology of themachined surface. Themicroscopic images (about 50µm)
of the machined surface were shown in Fig. 10. The three image shows the presence
of deposited distributed particles on the machined surface in different machined
surfaces. Due to subsequent sparking, craters are formed on the deposited layer
surface. This results in poor surface finish of the machined surface. The workpiece
machinedwith lessT on produces a thin depositionwith less roughness, butworkpiece
machined with high current and T on results in deeper craters on surface. Hence, it can
be accomplished that increase in peak current and T on would deposit thicker layer
with deeper craters.

4 Conclusion

In this work, the influence of EDM parameters of AA 6063 alloy on various output
response variables such as surface roughness, material removal rate, and tool wear
rate were found out. Electrodes made of brass with 2 mm diameter were used as tool
and commercial EDM oil was selected as dielectric fluid.
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Fig. 10 Microscopic images of the machined surface (about 50 µm)

1. Increasing the current (Ip) result in increased MRR, TWR. The increase in Ip
produces larger spark which creates a higher temperature in the workpiece,
which causes large amount of material removal from the workpiece. MRR, TWR
increases and then decreases with rise in TON.

2. Increasing the current (Ip) from 5 to 15 A and TON from 150 to 450 µs results
in decreased SR. Increased TON generates more amount of discharge energy that
creates the larger crater on the work surface result in poor surface finish. The SR
increases with decreases in voltage.

3. The optimized machining condition predicted for the minimum SR, minimum
TWR, and maximum MRR is 6.14 µm, 0.0033 g/min, and 0.1159 g/min for a
peak current (I) of 10 A, voltage (V) of 20 V, pulse-on time (T on) of 150 µs, and
flushing pressure (T f) of 0.750 MPa.
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Design and Analysis of 2D Steady Flow
Over an Underwater Vehicle
with Different Cavitators

D. Rohini, S. Vignesh, D. Nivitha, P. Preetha, and K. P. Arulshri

Abstract The concept of super-cavitation in the incompressible liquid flow has been
analyzed and simulated using ANSYS Fluent. The work has been carried out by
considering the high-speed flow of water over two-dimensional flows with different
cavitators. The flow is said to be analyzed at three different angles, such as 6°, 12°, and
15°, and two different velocities, such as 55 and 60 m/s. The results obtained through
the research work have been compared in order to ensure effective drag reduction.
The drag force tends to originate in different forms through various sources. The
hydrodyne drag is mainly caused by the viscosity of the medium as the molecules
tend to move along the surface of the body. The most dominant drags, such as
pressure and viscous, are said to be available in the body moving in water. In order to
function effectively, the model should be designed for overcoming the drag. Thus, it
becomes a stimulating task to design the competent models for vehicles, boat hulls,
and underwater missiles. The influences of cavitator effect and speed of flow on the
super-cavitation bubble have been investigated. The obtained results clearly depict
that the drag tends to reduce at different velocities and angles.

Keywords Super-cavitation · Hydrodyne drag · Cavitator · ANSYS fluent ·
Underwater missile
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1 Introduction

Few decades back, the design of cavitator using super-cavitation phenomenon
has been carried out by the computational fluid dynamic approach. The process
mainly focuses on numerical analyses of supercavitation effect subjected to cross
sections. This will show us the distribution of drag at which the flow passes over
the cross section under different working conditions. The underwater missile has
been designed using ANSYS Fluent. The process of meshing and analysis has been
accomplished simultaneously. The vapor cavities will be generated if the pressure
reduction appears in the fluid flow. This is a notable phenomenon found in many of
the compressible flow of liquids [1]. Water is the fluid which has a special thermody-
namic property where the phase changes would be observed in many experimental
conditions. The damages caused due to the effect of water cavitation are said to be an
undesirable condition. Also, the effect of cavitation effect plays a significant role in
the field of engineering and industrial application to reduce the skin friction drag on
the moving underwater body. When the sharp-edged solid body travels in water with
maximum high speed, there envelopes cavitation vapor pockets with the overall body
which causes a significant reduction in the skin friction drag [2]. In order to reduce
the drag in a more effective manner, the variances in liquid and vapor viscosities
are to be considered. Thus, it is clear that the stable super-cavitation can be attained
through the velocity possessing maximum or minimum difference in pressure. The
minimum difference in pressure can be acquired through the process of maximizing
cavitation pressure [3].

2 Literature Review

Underwater vehicles like submarines and torpedoes are limited to high speed because
of significant amount of drag produced on the hull skin due to friction. The concept of
super-cavitation is a gaseous formation which envelops the whole body, as the atmo-
spheric pressure falls lesser than the saturated vapor pressure. Skin drag is mostly
neglected because the moving body throughout the length does not have any form
of connection with the phases of liquid [4]. Supercavitation depends on the cavi-
tation number and decreases the viscous drag on underwater bodies tremendously,
especially at speeds above 50 m/s [5]. The two-stage Riemann solver (one-liquid
strategy) is utilized for displaying the cavitation procedure with constant tempera-
ture and reliable condition of stagewith the physical contact of thewater.Hargrove [3]
investigated the impact of the cavitator head and stream speed on the super-cavitation
bubble.A rapid super-cavitating streamaround a two-dimensional symmetricwedge-
shaped cavitator was considered. The computational technique was utilized to check
the stream over a hemispherical head was mimicked and approved against existing
exploratory information [6].
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The super-cavitating body is designed in such a way that it produces a cavitation
bubble at the front part which prolong till the end of the body significantly reducing
frictional drag on the skin [7]. An attribute of the super-cavitating object consists of
a specially designed nose, normally flat shaped with a sharp edge streamlined body.
Super-cavitating bodies can be achieved at very high speeds underwater because of
reduced drag. The cavitation bubble is generated at the nose with proper design, and
the friction on the skin is substantially reduced as the viscosity and density of the
gas are remarkably lower than the seawater. If the body is designed suitably, the
presence of pressure drag can be maintained at least level and the overall drag of the
body tends to reduce. Super-cavitation usually occurs when the cavitation number
tends to be less than 0.1. In general, the entire pressure field cannot be determined.
Hence, the probability of the flow to cavitate can be determined [5]. Super-cavitation
has been widely used in military purposes and high-performance racing boats. For
instance, let us imagine a boat which moves through the water [8]. This uses super-
cavitation principle where the formation of gaseous bubble layer around the hull
reduces friction underwater. This will attain maximum speed at relatively low fuel
cost.

3 Methodology

TheANSYSFluent has beenused to design the projectilewith cone anddisk cavitator.
The domain is created, and the fine mesh is obtained through Gambit. The boundary
conditions are fixed for the projectilewhich tends to carry out the steadyflowanalysis.
The contour has been predicted, and the optimization of the cavitator has been carried
out. The detailed steps are provided in Fig. 1.

4 Results and Discussion

4.1 Modeling

The model which has been taken into consideration in the present research is
Varunastra Torpedo. The scaled model of the torpedo has been taken, in which,
the disk diameter of nose of the section has been considered to be 1 mm, 2 mm with
respect to the consideration of different cone angles. Torpedo’s design is an emerging
one in the research field due to its various advancement in the field of submarines. It
is the most preferable torpedo due to their effectiveness when compared with others.
The cone cavitator with a nose angle of 6° along with the projectile is shown in
Fig. 2. The torpedo nose cone angle of 6° with the diameters 1 and 2 mm is shown
in Figs. 3 and 4, respectively. Likewise, the design geometry has been created for
torpedo nose cone angle 12° and 15° with the diameters 1 and 2 mm, respectively. In
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Fig. 1 Steps involved in the process of computational analysis of 2D flow over an underwater
vehicle with different cavitators

Fig. 2 Cone cavitator with projectile (Nose angle: 6°)

Figs. 2, 3, and 4, the scaled model of the varunastra torpedo is shown and the length
of the macroscopic image is 63 mm.
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Fig. 3 Disk cavitator with projectile (Nose angle: 6°, disk diameter: 1 mm)

Fig. 4 Disk cavitator with projectile (Nose angle: 6°, disk diameter: 2 mm)

4.2 Meshing

An inflated boundary of the elements was utilized near cone surface in order to
improve the spatial resolution and to gain better understanding of the boundary layer
phenomenon.An unstructuredmeshwith quadrilateral elementswas used for volume
meshing. The simulations were carried out with cavitator model which has been
coupled with a blend factor. The computational mesh was constructed automatically
using quadrilateral cells, surrounded at the solid boundaries. The quadrilateral cells
tend to fill space in a more efficient manner than other elements. The quadrilateral
cell count is said to be 25,400. Themesh node is shown in Fig. 5. The flow parameters
considered for the investigation are variation of drag force along the model, variation
of pressure, velocity vectors, and variation of density. In Fig. 5, scaled model of
varunastra is meshed and shown in (a) and the zoomed view of meshed model is
shown in (b).

The boundary conditions such as inlet velocity and flow condition are fed in an
appropriate manner. The flow conditions are assigned as 55 and 60 m/s. The pressure
outlet condition is provided to the outlet and in the case of projectile (bullet), no-slip
condition is raised. In the case of wall (upper and lower boundary condition), shear
condition is raised. The solutions were obtained using the concept of PISO approach
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Fig. 5 a View of mesh visible around the object, b zoomed view of meshed model

as it is highly recommended for all the transient flow calculations. Basically, the
K-epsilon specific feature model is based on the pressure analysis. The two phases
such as ‘water liquid’ and ‘water vapor’ have been considered in the present analysis.
However, the model undergoes the change from one phase to another (i.e., liquid to
vapor). The changes in density from ‘water’ to ‘water vapor’ are limited within the
range 1000–0.5542 kg/m3.

4.3 Analysis of Projectile (Cone and Disk Cavitators)

The projectile is analyzed for the cone and disk cavitators, and the super cavity
formation for the two cavitators with different nose angles and flow velocities are
provided in Table 1. From Figs. 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20
and 21, the variation of density in cavitator at different cone angle and at different
velocity is shown. However, the variation of density contour plot is minimum only a
small difference in the figure is visualized.

The plots for pressure and viscous drag between coefficient of drag and diameter
of the cavitator have been shown in Figs. 22 and 23, respectively. It is evident that
the total drag tends to decrease at the flow velocity of 55 m/s in cavitator disk of
1 mm at the nose angle of 6°.

5 Conclusion

In the present research, the drag force and variation of density along the surface
of the model were analyzed clearly with various velocities such as 55 and 60 m/s
along with various nose angles 6°, 12°, and 15°. There are about four parameters
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Table 1 Details of the contour density analysis

Sl. No. Contour Type of cavitators Nose angle (in
degrees)

Flow velocity (in
m/s)

Plot

1 Density Cone 6 55 Figure 6

2 Cone 6 60 Figure 7

3 Disk (1 mm) 6 55 Figure 8

4 Disk (1 mm) 6 60 Figure 9

5 Disk (2 mm) 6 55 Figure 10

6 Disk (2 mm) 6 60 Figure 11

7 Cone 12 55 Figure 12

8 Cone 12 60 Figure 13

9 Disk (1 mm) 12 55 Figure 14

10 Disk (1 mm) 12 60 Figure 15

11 Disk (2 mm) 12 55 Figure 16

12 Disk (2 mm) 12 60 Figure 17

13 Cone 15 55 Figure 18

14 Cone 15 60 Figure 19

15 Disk (1 mm) 15 55 Figure 20

16 Disk (1 mm) 15 60 Figure 21

17 Disk (2 mm) 15 55 Figure 22

18 Disk (2 mm) 15 60 Figure 23

Fig. 6 Density contour for 6° cone cavitator at 55 m/s velocity

considered in the present investigation for designing the cone and disk cavitators.
The computational processing has been carried out. The meshed geometry has been
analyzed using the prescribed boundary conditions specified for ANSYS Fluent. The
results obtainedwere found to be efficacious. The graph has been plotted showing the
variation of flow parameters involved in the research. The analysis clearly indicates
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Fig. 7 Density contour for 6° cone cavitator at 60 m/s velocity

Fig. 8 Density contour for 6° with 1 mm cavitator disk 55 m/s velocity

Fig. 9 Density contour for 6° with 1 mm cavitator disk 60 m/s velocity
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Fig. 10 Density contour for 6° with 2 mm cavitator disk 55 m/s velocity

Fig. 11 Density contour for 6° with 2 mm cavitator disk 60 m/s velocity

Fig. 12 Density contour for 12° cone cavitator at 55 m/s velocity
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Fig. 13 Density contour for 12° cone cavitator 60 m/s velocity

Fig. 14 Density contour for 12° with 1 mm cavitator disk 55 m/s velocity

Fig. 15 Density contour for 12° with 1 mm cavitator disk 60 m/s velocity
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Fig. 16 Density contour for 12° with 2 mm cavitator disk at 55 m/s velocity

Fig. 17 Density contour for 12° with 2 mm cavitator disk 60 m/s velocity

Fig. 18 Density contour for 15° cone cavitator at 55 m/s velocity

Fig. 19 Density contour for 15° cone cavitator at 60 m/s velocity
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Fig. 20 Density contour for 15° with 1 mm cavitator disk at 55 m/s velocity

Fig. 21 Density contour for 15° with 1 mm cavitator disk at 55 m/s velocity

Fig. 22 Pressure drag for the model with different cavitators at various angles and velocities

that the diameter of cavitator tends to increase as the envelope gets enlarged. The
aspect ratio of the model increases as the velocity tends to decrease in a gradual
manner. Thus, the method would be capable of generating efficient model working
for underwater missiles.
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Fig. 23 Viscous drag for the model with different cavitators at various angles and velocities
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Investigation of Drying Rate in Moringa
Leaves Under Periodic and Continuous
Airflow in Vacuum Condition

M. Ashok Kumar, G. Kumaresan, and S. Rajakarunakaran

Abstract In herbal powder manufacturing industries, drying herbal with less colour
and nutrient loss is a challenging problem. Commercially, there are many methods
that is being used for drying the leaves. Still, there are many problems encountered
such as nutrient degradation, colour loss and power consumption. Drying leaves by
dehumidified air is one of the promising methods to overcome the above issue. The
dehumidified air passes to the drying chamber through two modes one by periodic
and other by continuous. In this study, the adiabatic dehumidification system with
the periodic flow and the heat pump dryer with the continuous flow is designed and
developed to compare the performance of both modes of flow. The experimental
study was carried out in Moringa leaves to compare the drying rate. The experiments
were conducted in a vacuum drying chamber which is maintained at 0.9 and 0.8 bar
in periodic flow and with the same pressure in closed-loop heat pump dryer with the
continuous flow at the velocity of 1.1 m/s for the same capacity dehumidification
system. At various periods, the drying rate is compared and the experiment result
shows that under continuousmodewith low pressure has a significantly higher drying
rate than periodic mode with the same vacuum conditions.

Keywords Heat pump drying · Vacuum drying · Dehumidification drying · Leaf
drying

1 Introduction

India is a country well rich in herbals and origin of Ayurveda, Siddha. Most of
the Ayurvedic industries across India are facing problems in drying herbal leaves to
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extract powder to produce medicines. The high-temperature drying process degrades
the quality of the products. High power consumption of the drying process leads to
the high cost of drying and consequently increases the price of the product. Nutrients
degradation, colour loses and high power consumption aremajor problemswhich are
encountered by most of the herbal industries. Evolution of science and technology
has identified some techniques such as sun drying, freeze-drying, microwave drying,
infrared drying, lyophilization to dry the leaves quickly by using thermal energy
in different forms. But the use of thermal energy drastically deteriorates the herbal
quality of leaves.

In the progressive drying process like forced convection drying, drying by chem-
ical, microwave drying with vacuum condition, batch fixed bed drying, continuous
fluidized bed drying and heat pump drying, the better drying rate is achieved without
conceding the quality such as nutrient content and colour of the herbal leaves [1].
Drying the clothes by heat pump dryer with relative humidity (RH) of 10% of dehu-
midified air significantly reduced the thermoelectric power consumption and the
drying period [2]. The mathematical model for a heat pump dryer was developed
for drying aromatic plant and the simulated result agreed well with the experimental
results. The results indicate that at an average drying temperature of 36.84 °C with
a relative humidity of 20% conditioned dehumidified air takes 89 h to reduce the
moisture content of valerian roots from 89 to 9% [3]. Drying characteristic of nettle
and mint was investigated experimentally in heat pump drier at 35 °C with RH 40%,
increasing flow velocity from 0.2 to 0.6 m/s is reducing the drying period by 6.9%.
The drying time reduced by 41.6% for nettle leaves and 37.5% for mint leaves at the
average drying temperature of 35 °C with velocity 0.2 m/s, reducing the RH from 70
to 40% [4]. The influence of air velocity and air temperature in drying process was
investigated; increasing the air temperature and air velocity leads to high evaporation
rate; and in this study, it is observed that the effect of temperature is less significant at
high temperature, and also, the evaporation rate gets reduced over the period because
of the moisture content present in the leaves is low [5]. The performance of a vacuum
heat pump dryer with different temperature and pressure conditions is investigated,
and the results show that the drying rate is significantly increased with increasing
the drying temperature and by reducing the pressure. However, the drying pressure
is not influenced more as strong as the drying temperature [6]. The leaves are rich in
macronutrients, and micronutrients Moringa oleifera hold its nutrient quality in the
drying process while the drying temperature does not exceed 50 °C [7]. The drying
kinetics and colour ofMoringa leaves at three different temperature 40, 50, and 60 °C
were examined, and the result insisted that the drying temperature decreases drying
time and 50 °C is an optimum operating temperature at which the degradation of
moisture ratio has been better in quality in terms of nutrient content present in the
leaves and colour [8].

The drying rate of the eggplant is increasing with the increase in moisture content
present in plant, and at vacuum drying condition, the moisture removal rate (MRR)
increases linearly with increasing the operating temperature. The effect of moisture
diffusivity of the eggplant samples within a moisture ratio range from 1 to 0.35
varied from 1.653× 10–9 to 3.417× 10–9 m2/s according to the drying condition [9].
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The heat and mass coupling transfer model was developed and concluded that the
moisture content in the wood, and drying rate is decreased with increasing the drying
time at a vacuum condition and also the total coefficient of diffusivity decreases
with increases of drying time [10]. The mathematical model was developed for
combined far-infrared and vacuum drying for the banana slice and the developed
model predict adequately in changes of the moisture content [11]. The aim of this
study is observing and comparing the effect of the drying rate of Moringa leaves
under vacuum conditions in the periodic and continuous flow of dehumidified air.

2 Materials and Methods

2.1 Materials

Moringa leaves were taken as herbal leaves for this experimental study. The leaves
were purchased from the local market where the farmers directly sell their products
to the consumers. The leaves were selected for this experiment based on size and
colour.

2.2 Sample Preparation

The stem-free Moringa leaves without any foreign particles like mud and sand were
prepared by cleaning with pure water, and it is covered by moisture absorption paper
for 3 min two times to remove water content present in the leaves during cleaning.
The 500 g of the sample was prepared whenever it is required to avoid the natural
drying.

2.3 Design and Development of Experimental Device

2.3.1 Design

Two experimental set-ups were designed and developed.
1. Adiabatic dehumidification system for conducting the experiment in periodic

mode—The schematic diagram is shown in Figs. 1 and 2. Closed-loop heat pump
dryer for conducting the experiment in continuous mode—The schematic diagram
is shown in Fig. 2.

A 20-L per 24 h capacity dehumidifier was used in both the adiabatic dehumidifi-
cation system and in heat pump dryer. The working fluid in both systems was R134a.
The vacuum is generated in both a system by vacuum pump with a capacity of 2
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Fig. 1 Adiabatic dehumidification system (periodic flow)

Fig. 2 Heat pump dryer (continuous mode)

CFM (cubic feet per minute). A model heat pump dryer was designed and built with
dimensions 0.9 m× 0.6 m× 0.34 m with a drying chamber volume of 0.023m3 and
a fan with a capacity of 163 m3/h is installed.

Both experimental setups were completely fabricated with a 5-mm-thick steel
sheet. Specifications of measuring instruments used in both experimental set-ups are
given below:

Thermocouple: K-type thermocouple.



Investigation of Drying Rate in Moringa Leaves … 65

Fig. 3 Process flow diagram—periodic flow

Anemometer: 0.1–5 m/s.
Vacuum gauge: 0–760 mm of Mercury.

2.3.2 Operation

Adiabatic Dehumidification System-Periodic Flow

The adiabatic dehumidification system has been involved in two drying techniques
such as vacuum drying and dehumidified air drying. Under vacuum pressure, the
corresponding saturation temperature of the moisture decreases so evaporation can
take place at atmospheric temperature itself. In this condition, moisture content
present in the leaves pull out from the leaves and it came to the surface of the leaves.
During vacuum drying, boiling of water occurs in the pores of leaves even at low
temperatures and the drying rate decreases compared to the open sun drying method.
The leaves to be dried are placed in the tray which has been placed in the vacuum
chamber where the pressure (0.9 and 0.8 bar) is maintained by 2 CFM vacuum pump.
The dehumidified air that is derived from the dehumidification chamber is sent to
the drying chamber where the low relative humidity air at vacuum pressure starts to
absorb the moisture and drying in happening. The process flow diagram is given in
Fig. 3.

Heat Pump Dryer—Continuous Flow

This device has been involved in two drying techniques like in the adiabatic dehu-
midification system. To circulate the air at 1.1 m/s, the fan is mounted in the dryer.
During the continuous circulation of air, the cooling and dehumidification process
has occurred in the evaporator. The air comes out from the evaporator which is at
100% RH. The relative humidity air is then reduced by the heat released from the
condenser during continuous circulation. The air temperature higher than 50 °C in
the drying chamber leads to phytochemical and colour lose, and it can be avoided
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Fig. 4 Process flow diagram—continous flow

by increasing the velocity of air by which the temperature can maintain at required
level. The process flow diagram is given in Fig. 4.

2.4 Methods

Unfavourable losses in nutrient in the object may lead to a decrease in quality. The
predominant parameter causes for a loss in phytochemical and nutrients of leaves is
the drying temperature. The optimal drying temperature for Moringa leaves is 50 °C
[12]. At the pressure, lower than atmosphere the corresponding saturation tempera-
ture of the moisture gets reduced. So the rate of evaporation increased significantly
at vacuum conditions [13]. To improve evaporation rate, the vacuum was introduced
in both drying process and the temperature which is controlled by controlling the
velocity of air. Thus, the experiment was conducted in both experimental setup with
the pressures of 0.8 and 0.9 bar. For each drying 500 g of Moringa leaves were
tested in the period of 30 min. The temperature readings before and after the drying
chamber were taken for every minute, and the mass of dried leaves was measured
every five minutes. The operational flowchart for heat pump drying-continuous is
shown in Fig. 5.

2.4.1 Evaporation Rate

The initial moisture content of Moring leaves is 81% as per the Association of
Official Analytical Chemists (AOAC). The leaves’ weight was measured as quickly
as possible to avoid further mass transfer between leaves and atmospheric air (less
than 30 s). The evaporation rate is calculated by the following equation [14].

ṁev = m t − mf

t
(1)

where
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Fig. 5 Operational flowchart for continuous flow

mt is the mass of leaves before drying process in grams.
mf is the mass of leaves after drying process in grams.
t is the drying time in seconds.

2.4.2 Moisture Ratio

During drying, the moisture content of the leaves at any time can be calculated
with moisture ratio. Moisture ratio relates the initial moisture content, equilibrium
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moisture content, and the moisture content to be achieved after a certain period of
drying. Moisture ratio (MR) expressed as [12].

MR = M − Me

Mi − Me
(2)

where M is the moisture content of the product at any time.
t in kg water/kg dry solid, Me is the equilibrium moisture content of the product

in kg water/kg dry solid and M i is its initial moisture content.
Equilibrium moisture content can be calculated with the aid of Hailwood–

Horrobin equation [15].

Me = 1800

w

[
kh

1− kh
+ k1kh + 2k1k2k2h2

1+ k1kh + k1k2k2h2

]
(3)

where w, k, k1, k2 are constant, and h is relative humidity (RH) of air. The constants
can be calculated by using the following expressions:

w = 330+ 0.452T + 0.00415T 2 (4)

k = 0.791+ 4.63× 10−4T − 8.44× 10−7T 2 (5)

k1 = 6.34+ 7.75× 10−4T − 9.35× 10−5T 2 (6)

k2 = 1.09+ 2.84× 10−2T − 8.44× 10−7T 2 (7)

where T is the temperature of the air in °C.

3 Result and Discussion

3.1 Effect of Temperature at 0.9 and 0.8 bar

The experiment was conducted for various periods from 5 to 30 min in both periodic
flow and continuous flow. The variance in temperature at 0.9 bar and 0.8 bar is shown
in Fig. 6. The temperature of the air during the drying process in periodic flow is
decreased from 48 to 32.7 °C at 0.9 bar starting pressure, and the temperature of the
air decreases from 48 to 31.2 °C for the starting pressure of 0.8 bar. However, in
continuous mode, the temperature is increased continuously from 34.1 to 46.9 °C at
0.9 bar and from 32.3 to 43.3 °C at 0.9 bar.

Temperature is a predominant parameter that influenced more in the moisture
removal rate (MRR). A higher in temperature leads to an increase in MRR and
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Fig. 6 Change in temperature with respect to time

reducing the drying time. At the starting time of drying, the moisture present in the
leaves will be higher and the moisture present in the dehumidified air will be lower.
So the density difference is higher at the initial period, it leads to a higher drying
rate.

In the case of periodic flow, the temperature is decreasing for time and also the
density difference of moisture between leaves and air is reduced. So it is concluded
from the graph and discussion, both the temperature and density differences which
are directly proportional to the moisture removal rate are decreased. Meanwhile,
in continuous flow (heat pump dryer), the temperature of the air is increasing with
respect to time and also the density difference of moisture between leaves and dehu-
midified air is reduced but a decrease in density difference is lower compare to
periodic flow. So it is concluded that from the graph and discussion the tempera-
ture is increased and the density difference is decreased lower than periodic flow in
closed-loop continuous flow heat pump dryer.

3.2 Effect of Periodic Flow and Continuous Flow
in Evaporation Rate

The evaporation rate with respect to time in periodic flow and in continuous flow is
given in Fig. 7.

It is clear from the graph that the evaporation rate is decreased exponentially in
the case of periodic flow and increasing continuously in the case of continuous flow.
The average evaporation rate in periodic flow at 0.9 bar is 75.67 g/h and at 0.8 bar is
81.5 g/h. From this value, it can be concluded that the vacuum plays a vital role in the
evaporation rate. The average evaporation rate is increased by 5.83 g/h by decreasing
the operating pressure by 0.1 bar. At the same time, the average evaporation rate in
continuous flow at 0.9 bar is 88.28 g/h and at 0.8 bar is 108.5 g/h. The evaporation
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Fig. 7 Change in evaporation rate with respect to time

rate is increased by 20.22 g/h by decreasing the pressure by 0.1 bar. It is proved that
in continuous flow, the role of pressure is higher than the periodic flow.

4 Conclusion

An adiabatic dehumidification system and a heat pump dryer working on vacuum
pressure have been developed to dry the Moringa leaves. The influence of periodic
and continuous flowwith a vacuum drying chamber was examined. The experimental
result shows that the drying rate was significantly increased by introducing a vacuum
in periodic and continuous flow. The evaporation rate is increased by 7.15% by
changing the flow from periodic to continuous at 0.9 bar pressure and 18.63% by
flow changing at 0.8 bar. Totally, the evaporation rate has increased by 30.25% by
introducing continuous flow at low pressure in the dehumidification drying process.
The investigation of this study is also concluding that the drying rate is increasedwith
an increase in temperature of approximately linear. The dehumidification process
under vacuum condition along with the continuous flow is a promising technique to
increase the drying rate and reducing the drying time significantly.
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Patient Medicine Reminder System

M. Neela Harish

Abstract Automatic reminder for medicine is useful to all patients. Nowadays,
specialist care of subjects is very judgmental. Regular checkup by the medical prac-
titioner suggests correct dose at regular time intervals. At several circumstances,
patient’s antibiotics were not taken at regular and correct dosages. In this paper,
a patient medicine reminder system is introduced. This system can be customized
through keyboard input depending upon the dosage, name of medicine and intervals.
In the LCD, display of the uploaded prescription of patients is as per timing, and
dosage of each tablet can be viewed. Thus, the heath of patients is controlled regularly
by doctors. This is implemented using Unified Technology Learning Platform.

Keywords UTLP kit · OMAP 3530 processor · ULK · Eclipse · Character LCD ·
Graphics LCD · Keyboard · Touch panel

1 Introduction

Health care and pharmaceutical play a vital role in emergency situations or centers
such as the Intensive Care Unit (ICU) and Surgical Intensive Care Unit (SICU). The
main aim is to keep track over the heath of the patient throughout the day without
making them staying in hospital. Modern solutions are employed as solutions to the
abovementioned proposals. But the main challenges in this are staff of centers and
their record maintenance to enhance the patient’s drug delivery system. It may be
helpful for research institutions, health softwaremanagements andNGOs formedical
administration. This system has been implemented at various rural and urban hospital
centers and to improve reminder-based medication for each patient [1].

Abbey et al. [2] described the importance of medication adherence with instru-
ments of purpose of alerting on a timely basis the dosage intake and medical records.
The software uses a medication box which is processed as a web-based module
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throughmobile customized for each patient needs. IT provides continuous data about
the patient as per the executed code. The GUI interface with each doctor and patient
link established displays the daily dosage, pills and their corresponding timings.

Dalgaard et al. [3] described a Med iFrame: a android-based application to alert,
recall andmaintain elderly patient’s health condition. As elderly people are left alone
at home, they face difficulties to inform hospitals in case of any emergency situations
arise when their health deteriorates suddenly. Med iFrame is a private pill reminder
application to aid elderly people at non-clinical environment.

DeMeo et al. [4] described the pill-taking process using a smart system. Physician
can abidance by a not wired and power-efficient drug delivery model. By this model,
a solution to a never-ending problem to patient monitoring has been initiated. It
demonstrates a real-world solution using a bottle with advanced pill detection and
wireless connectivity to a cloud infrastructure. The infrastructure aggregates the
information and reminds patients to take their medication at appropriate times.

Finite element (FE) analysis [5] has been made at four different locations to study
the temperature distribution and determine the microstructure of the metal plate.
Also sudden cooling done to the electron beam allows the development of dendrites,
whichmakes the structure visible. Themulti-parametermodel is designed at different
stages of manufacturing with goals such as to reduce the cost. Give prior to worst
probabilities and achieve highest customer needs. Three stages of production are
developed using a two-stage stochastic prototype [6]. The dynamometer is fixed
with stress gauge and cylindrical bar [7] to achieve higher sensitivity and decrease
cross-interference. AISI 4140 metal is used as the base material to measure the
circumferential strain using a Wheatstone bridge. It describes that brain and mind
are not dependent on eachother [8],which is termed as dualism, and also the treatment
way to mental disorder changes from each aspect. AS for instance the person’s fear
can be asked as interrogative by brain and emotional quotient as from themind aspect.
Themaingoals of this systemwereworkers cost-effectiveness [9], not available due to
changing climatic conditions whichmakes always open during emergency. A robotic
arm has been set up at a distance to fuel tank, and once the car enters the station and
sips the amount or payment, the equivalent fuel is filledwith themechatronics design.
Parameter-based data collection process has been done [10] for a specific foundry
idea. ANOVA test for tensile and bonding strength is validated and increased by
communication using carbon fiber [11]. The aspect ratio of nanoparticles is increased
stability by continuous loading of Buparvaquone [12] by intravenous method. Renal
failure can be reduced using nanoparticles made of gold, which was tested using
three sections of rates with various dosages [1].
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2 Materials and Methods

2.1 Experimentation

Mohammed et al. [13] described that reminder to the patients to intake their drug
dosage at regular intervals. But it was not a successful system as if patient fails to have
medicine, it can lead to emergency situation or also fatal death. To avoid all such
worst-case condition, a home system for elderly and nurses at home for effective
healthcare management has been designed. This prototype was programmed and
executed successfully for a list of patients. Now, more importantly, it is given to
decrease the cost and size to make it affordable and comfortable for all range of
patient monitoring purposes. Ventricular drug is infusion [14] to the epicardium of
the rat heart and tested with high and low dosage to observe the hemodynamic.

Silva et al. [15] present a SapoMed, a graphic user interface in mobiles for health-
care administration. It has various forms of inputs such as sound, images and tactile
sensations to remind their dosage at regular intervals. Additionally, the barcode of
pharmaceutical is recorded through camera service, and useful information can be
obtained using advanced mobile technology. Zao et al. [16] mentioned that the most
likely error detection area was recording of the daily patient’s medicine, dosage and
treatment. It presents a smartphone application that helps patients to avoid most
medication administration errors. For enzyme replacement therapy [17], hydrogels
are given at a faster rate to paralyzed patients to increase stability, no overdosage
and four-time slower rate to diffuse correctly. Terconazole ocular drug infusion [18]
is done interfusion without any side effects. It also maintains the deocyalte levels to
safeguard against immune infection. Carboxymethyl cellulose (CMC) [19] which is
employed is the process of wound treatment based on polymers-based and maintains
release rate, varying rate of infusion and test of wound recovery depending upon the
patient condition.

2.2 Description

The block diagram of patient medication reminder system is shown in Fig. 1. The
program is coded using C language and complied using eclipse software. After
compilation, the UTLP kit is linked with Unified Learning Kit (ULK). Then the
system code is loaded to execute the program. The execution is done with the aid of
two devices—Texas OMAP 3530 processor and Xilinx spartan6 FPGA. The exhib-
ited displays using seven segments and LCD are corresponding to the patient data
customized.
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Fig. 1 Block diagram of
patient medicine reminder
system

2.3 Eclipse

Integrated development environment (IDE) discovered a Java-based operating soft-
ware to work on different languages designed a plug-in system known as eclipse an.
Various plans and plug-in systems for other languages including Ada, C++, COBOL,
FORTRAN are employed. In UTLP, C-based proposals using IDE tool have been
developed.

2.4 Unified Learning Kit-Control Panel

Ubuntu Corporation recommended a programming-based ULK kit. Ubuntu host
personal computer and the Unified Technology Learning Platform (UTLP Kit) are
connected using this software. At different modes of operation, UTLP can be oper-
ated at the purpose of running and booting-up process. Figure 2 demonstrates the
interfacing of the server computer and end user.

Fig. 2 Interfacing host
computer and client
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2.5 Texas Omap3530 Processor

The ULK is application-based Spartan-6 FPGA by Texas instrument. To help in
performance-oriented andmulti-thread applications, Texas Instruments OMAP 3530
is used. Various built-in functions such as Bluetooth, camera connector, touch screen
LCD and NAND Flash are supported by OMA architecture. Also interfaces such as
Ethernet, USB two SD cards, I/O expansion connector, I2C header for GPS and LCD
connector are supported by this processor.

2.6 Interfaces in UTLP

UTLP has an additional feature of interfacing devices which has the capability to
perform in both normal and lab modes. The list of devices such as different forms
of display—seven segments, graphics, character, LCD, touch panel, etc.—can be
programmed and executed in the normal mode.

API—Libraries provide the processes and built-in functions. By using the func-
tions or processes from the library, the programs for an interfacing can be performed.
At the linking time, the API library binaries conversion of the binary program to
code file is executed during the connection between the host and client. There are
many interface libraries available for different devices with different functionalities
in normal mode of UTLP.

2.7 Liquid Crystal Display Based on Character

The display panel has two rows of lines, and each line can contain 16 characters as
shown in Fig. 3. The size of the panel is 16 × 2, and dimensions of each matrix in
display are 5 × 7 pixel which is linked through interface I2C. Character LCD has
a controller built in them called HD44780. There are several registers for the initial
storage and manipulation functions in this controller.

Fig. 3 Character LCD
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Fig. 4 Character LCD and
seven-segment display
output

2.8 Implementation and Methodologies

The enhanced version is checked with higher efficiency in power and over perfor-
mance of cortex-A8 prototype by ARM. The momentum of cortex-A8 ranges from
600Mhz to 1Ghz because of its system architecture. Power efficiency has been
improved to a great extent in this version such that mobile devices can be oper-
ated at power level of 300mW. The representation of the executed program in UTLP
kit is through the seven segments and CLCD. Application programming interface is
the main software processed in the flow of displaying.

3 Results and Discussions

Thus, the program was written and executed in embedded C using the Eclipse soft-
ware. ULK kit is linked with UTLP, once the program has been executed without
any failure. The above connection is represented in Fig. 4. The different modes of
display options are the segment display, character LCD and touch panel. In [20] such
devices would be helpful in assisiting the elderly or bed ridden patients for their
daily needs without any other assistance.

4 Conclusions

This paper helps the patients for the intake of medicines at the right time. In recent
days, people get affected by many diseases, even at early ages so that they need to
take medicines every day to maintain their health condition. Because of their busy
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schedule, they forget to take their prescribed medicines. This makes them to be failed
in maintaining their health conditions. This project was implemented to remain the
list of medicines, and timing for the intake of medicines will be helpful for the
patients. Thus, this system helps them to avoid the difficulties which are faced by the
patients failed to keep track of regular time intervals of fetching their pharmaceutical.
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Audio Signal Processing for Cochlear
Implants

K. T. Maheswari, R. Baranikumar, D. Lavanya, A. Nandhakumar,
and M. Srinivasan

Abstract Cochlear implants are a minor, complicated electronic gadget that may
offer assistance to afford a feel of sound to an individual who is significantly hard
of hearing or essentially tough-of-hearing. Unlike, cochlear implant does not simply
make bigger sound. They imitate herbal listening for the purpose of the internal ear
thru electronic simulation. The implant consists of an outside element that is in the
backside ear and second part which is surgically located underneath the skin. Both
these gears are coupled with the usage of an effective magnet. The outside setup of
a cochlear implant is made up of three parts such as microphone, speech processor
and transmitter. The microphone and speech processor are bounded collectively in a
small unit that appears to be at the back-of-the-ear hearing useful resource. A small
wire connects them and the transmitter. The transmitter is placed over an internal
part of the tool. The inner part of implant accommodates a receiver (which is located
below skin at temporal bone) and one or greater electrode arrays. In this paper, the
proposed system has been simulated in MATLAB/Simulink, and the experimental
setup has been implemented to verify the results.

Keyword Cochlear implant · Electrode array ·Microphone · Receiver speech
processing transmitter

1 Introduction

The ear is made from three segments specifically outer, middle and inner. The outer
ear comprises of pinna and ear canal. Pinna in the outer ear, captures the sound waves
and funneling them into the ear canal. The center ear contains the eardrum and an
air-stuffed cavity encompassing small bones denoted as ossicles [1]. Discrete parts
are hammer (malleus), anvil (incus) and stirrup (stapes)—and they vibrate together
while eardrum moves. The inner ear consists of complex collection of channels and
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chambers. For listening to, the precarious organ is the spiral-shaped cochlea. Roughly
the scale of a pea, the cochlea encloses fluid and about 15,000 tiny hair cells [2]. Each
and every hair cell is attached to the auditory nerve. The sound waves hit eardrum,
and immediately, it vibrates.

Tiny ossicles vibrate with the eardrum and transfer the sound to the cochlear
through the middle ear [3]. These hair cells trade the motion into electric powered
impulses which might be dispatched alongside the auditory nerve to the brain. The
listening to center of the mind interprets the impulses as sound. The ear is an amaz-
ingly complicated but efficient listening to machine, and the whole method best
takes fraction of a 2d. Hearing aids help numerous human beings who lost listening.
However, it cannot assist each.Whenhumanbeingswith intense to profound listening
to loss do not benefit from listening to aids, health workers bear in mind a cochlear
implant to be a more effective long-time period answer [4, 5]. Unlike hearing aid,
cochlear implants do not simply expand sounds. Theymimic herbal listening to func-
tion of inner ear thru digital stimulation. Incoming sounds are processed into electric
signal after which transmitted to hearing nerve, bypassing the broken components
of inner ear.

2 Cochlear Implants (CIs)

CIs comprise of electrodes which are found inside cochlea to stimulate 8th nerve
(nVIII). Such electrode therefore generates electric currents which cause compound
motion potentials in fibers that could be transmitted to the cerebrum for elucidation.
CIs sidestep broken or missing external hair cells inside the cochlea that would
commonly happen as code sound. All CIs have typical segments, and on the other
hand, there are varieties in procedures which are used to process sounds, transmit
insights to inward embed and invigorate anodes. There are various anodes to be had
from every maker, including a diminished cluster utilized with half and half CIs [6].

2.1 Internal Components

Implanted components in CIs must be bio-compatible and not lead to long-term
damage to adverse tissue as shown in Fig. 1.

Stimulator
Stimulator is one of the inner components which are sometimes called as the internal
coil, that is, embedded in a smoothed or recessed piece of the skull back to and
scarcely over the pinna, since it gets vitality and disentangles directions from the
discourse processor. Stimulator converts electrical sign into digital code and again
to electric sign, which are added to the cathodes in cochlea [7]. It receives stimulus
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Fig. 1 Internal component
of cochlear implants

records via radio frequency (RF) transmission from the outside coil housed within
the headpiece. Thus, approach of coupling is referred to as transcutaneous link.

Electrode Arrays
Multi-channel gadgets have an as great deal as 22 lively electrodes. Researches were
indicated that greater electrodes commonly bring about higher speech perception.
Nevertheless, this is not always a one-to-one relationship, as many people gain very
good speech belief without the usage of all the electrodes of their array. The residual
auditory nerve fibers are stimulated by an electrode array along modiolus. CI elec-
trodes designed for replacement in scala of cochlea. Keeping the cathodes especially
close to the winding ganglion cells is useful for the sound-related nerve’s kept incite-
ment. Various cathodes ideally invigorate unprecedented sub-populaces of cochlear
neurons. Neurons close to the base of the cochlea (first turn) answer to high-repeat
sounds, and neurons in pinnacle of cochlea reply to low-frequency sounds [8].

2.2 External Components

The external setup of a cochlear implant involves a microphone, a speech processor
and a transmitter for the process as shown in Fig. 2

Microphone
The microphone, which is normally located on the speech processor, is a device
used to collect and process incoming audio signal. It senses valid stress signals and
transforms into electrical signals. Generally, electrical signals are transmitted to a
pre-amplifier to improve noise ratio, providing at higher frequencies. The micro-
phone has a broad frequency reaction, but reduces responses to lower-frequency
vibrations, which includes those produced by head and frame actions. Producers
offer a couple of microphones, increasing the selectivity of the directional sample to
useful resource speech expertise discourse in boisterous circumstances [9]. Direc-
tional receivers underscore sounds before the amplifier and smother sounds exuding
from various guidelines. All three producers have multiple microphone options to
be had to lower wind noise and to assist with speech know-how in historical past
noise. All manufacturers have applications/functions to permit themicrophones to be
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Fig. 2 External component
in cochlear implant

self-adjusting by listener’s surroundings. The microphone sends this rectified signal
to external speech processor.

Speech Processor
The speech processor of a CI utilizes sound from the receiver to make a great deal
of electrical upgrades for electrode terminals. The obtained signal is broke down
by an advanced digital signal processor (DSP) to segregate the input in line with
intensity, frequency and time domain names, to be able to be represented on the
nVIII. Producers dedicate a splendid arrangement important to growing new and
propelled preparing plans.

Regularly the new plans can be fused into existing processors through a product
program update. Substitution of the inner parts is once in a while, if at any time,
essential to utilize new discourse preparing plans. The discourse processor takes the
handled electric sign and transmits it through a string to the headpiece. The discourse
processor is fueled through batteries—both liked and battery-powered. Run of the
battery presence is over 12 h for a body-worn processor and typically really much
less for a back-of-the-ear processor.

Headpiece
The headpiece situates at the outside loop of the CIs and situates in region over
the inside trigger (inward curl) with magnets. The headpiece transmits electrical
sign, subsequent to transforming it to an electromagnetic sign, to the inward trigger
through radio recurrence (RF). The RF curl sign also fills in as power supply for
internal trigger. The RF coil sign additionally serves as electricity supply for inner
stimulator.
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3 Experiment and Results

This experiment has been composed of three processes. First, the audio signal has to
be obtained and split into different frequency bands; second, electrical pulse gener-
ation for each frequency band; and third, the reconstruction of the original signal.
In an actual cochlear implant, there is a transistor and receiver integrated into this
system to transmit the electric signals and receive them inside the ear, which is not
done due to practical unfeasibility [10].

The original MATLAB Simulink model for a cochlear implant is available in
MATLAB library. The model is used by replacing the embedded inputs by external
inputs at runtime and by also changing implemented filter parameters, using different
rate transition and different sampling rate. With few listed changes, the model is
working fine for prerecorded inputs. But, when tried implement on FRDM-K64F
board, we encounter many errors since the Simulink model from the library was not
compatible with the CMIS RTX delay rates [11]. Hence, a new Simulink model was
made keeping the idea the same. This newly implemented model runs successfully.

Block Diagram
Figure 3 shows the Block diagram for simulation of audio signal processing.

Splitting of signal
To show the working of the model, an audio flag is recorded in mp3 format and
gated it as the input to a bank of 8 (as per investigation, eight channels are best for
great sound-related hearing for an individual with a cochlear implant) band-pass FIR
channels. The stop-band and passband frequencies of each filter were calculated by
utilizing center frequency of the recorded wave and utilizing sampling frequency as
2.25 times the center frequency. The band-pass filters divide the input signal into
different frequency by the given passband and stop-band frequencies.

Fig. 3 Block diagram for simulation of audio signal processing
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Pulse Generation
Every eight signals of different frequencies are encoded with an electrical pulse to
transmit it to the internal part of the cochlear implant. For implementing this feature,
we used a pulse generator to provide a pulse to different channelswith different delays
(interleaved manner for better results). The corresponding input pulses modulated
the electrical pulses in each channel by use of a multiplier. Now, these signals are
ready to be transmitted to the internal part of the implant [12]. Figure 4 shows the
input signal for cochlear and the waveforms of input and eight-channel split output
(after superimposing with electrical beats) are appeared underneath in Fig. 5.

Reconstruction
This part is used to check whether the split signal is correct, and do they properly
recombine to form the original signal? For this process, we add “gain” (for compen-
sating random noise and filter losses) to each signal and feed them to a “Biquad”
blocks [13]. The summation of outputs from these eight Biquads reconstructed the
signal. The output waveform of the reconstructed signal is shown in Fig. 6.

Fig. 4 Input signal for
cochlear

Fig. 5 Simulation during
split signal
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Fig. 6 Simulation of audio
signal during reconstruction

4 Conclusion

In common, the enhancement in auditory perception following cochlear implanta-
tion varies broadly from user to user and can range from speech perception to music
enjoyment. By compensating for the loss of hair cells in the ear and stimulating
the neurons in the brain, the cochlear implants restore some hearing [14]. Bene-
fits of cochlear implants include hearing conversation and environmental sounds at
discussion and natural sounds at open to listen, distinguish and recognize sounds
in the earth, for example, doorbell, vehicle horns, keep their vocal din at a fitting
level, comprehend others all the more precisely and with less exertion, comprehend
discourse by listening alone (without lipreading). Whole implementation requires
a bank of filters and modulation technique to first separate the acoustic signal into
different frequencies waveform and then reconstructing [15]. Thus, the proposed
in this paper is successfully imitating the concept by designing our filter banks,
multiplexers, demultiplexers and modulators in MATLAB.
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Investigation of Hybrid Concrete Using
Steel and Polypropylene Fibres

M. Ranjitham, S. K. Deepika Sree, and M. B. Danyaa

Abstract The addition of the hybrid fibres which greatly influences the mechanical
properties such as compressive strength, split tensile strength and the flexural strength
of the concrete is discussed in this paper. These fibres are widely used in many
pavements such as rigid pavements, flexible pavements and many structures such
as bridge, and also in many hydraulic structures. The word hybridization is the
integration of many types of fibres. One of the main purpose of the combination
of many types of fibres is that it increases the characteristics of concrete. Concrete
is made by the addition of 1% of the steel fibres and 0.035% of polypropylene
fibres and mixing them together. The efficiency of the mechanical properties of this
compound is far more greater than the conventional reinforced concrete. The fracture
characteristics of concrete are increased by adding polypropylene fibre.

Keywords Steel fibres · Polypropylene fibres

1 Introduction

Most popular material in the field of construction purpose is concrete. Concrete is
strong in compression but weak in tension as well as in flexural strength also. The
introduction of high strength concrete into the construction field has many advan-
tages. The fibre reinforced concrete (FRC) is the addition of short discrete fibres
like steel fibres, glass fibres, synthetic fibres or natural fibres which are distributed
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uniformly in the concrete. These fibres when added to the concrete greatly influ-
ence the mechanical properties of the concrete. These fibres alter the fibre matrix
compound once it gets cracked, and thereby, it increases the toughness.Mixing fibres
to the concrete thereby makes it as a composite structure and gives it more strength
to the concrete mixture. Hence, this type of concrete mixture is known as the hybrid
fibre reinforced concrete (HFRC).

Waste plastic fibre is more productive in managing the cracks [1] and the effects
of strength and workability in concrete. For increasing the fracture characteristics of
concrete [2], the addition of fibres is very helpful in improving the impermeability,
resistance to frost and also mechanical properties of fibre reinforced concrete when
compared with conventional concrete [3]. The study on the hybridization of steel
fibres and polypropylene indicate that the use of hybrid fibres in specimen increases
theflexural toughness, rigidity and the overall performance.The resistance to elevated
temperature ofHF self-compacting concrete is better than single fibre reinforced self-
compacting concrete. Using polypropylene resists the initial crack and shrinkage. To
increase the strength parameters, the steel fibres are used [4–6].

2 Objective

The main objective is to increase the strengths of various joints in many precast
structures and also to increase the ductile connection for the precast concretemember
in an earthquake zone.Anothermain objective is to study in depth about the properties
and effects of hybrid fibre concrete.

3 Test Specimens

3.1 Cube Specimen

Cubes of nominal size 150 × 150 × 150 mm were used to test the compressive
strength of conventional concrete and HFRC concrete cubes.

3.2 Cylinder Specimen

The cylinders having diameter 150 mm and height 300 mm were tested for split
tensile strength.
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Table 1 Concrete mix proportion design is given in

Type of
concrete

Cement in
kg/m3

Fine
aggregate in
kg/m3

Coarse
aggregate in
kg/m3

Water (l) Steel fibres PP fibres

Conventional
concrete

375.5 590.6 1177 188 0 0

HFRC 375.5 590.6 1177 188 1 0.035

3.3 Beam Specimen

Beams of size 1500 × 150 × 100 mm with main reinforcement of 10 mm and
distribution reinforcement of 8 mm which are of 4 numbers were spaced at 90 mm
were tested for the flexural strength.

3.4 Mix Proportion

See Table 1.

4 Concrete Ingredients

4.1 Cement

Binding agent used here is cement. It adheres to the materials and binds all of them
together. The specific gravity of cement is 3.14 and has a normal consistency of 32%.
Ordinary Portland cement of grade 53 is used here.

4.2 Fine Aggregate

Aggregates which pass through IS sieve 4.75 are known as coarse aggregate. Here,
M sand is used as fine aggregate. M sand has the water absorption capacity of 1.93%.
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4.3 Coarse Aggregate

Aggregates which are retained on IS sieve 4.75 are known as coarse aggregate. Here,
coarse aggregate of size 20 mm was used. Many tests were performed on these
aggregates.

4.4 Water

Potable water is used here. The water used should be fresh and should lack hazardous
impurities like acids, alkalis, etc.

4.5 Steel Fibre

Steel fibres have excellent mechanical properties which also include high tensile
strength. Adding steel fibres to the concrete greatly improves the resistance to cracks.
Steel bars are placed to increase the tensile strength of concrete in any one direction,
but the steel fibres are used for reinforcement in many directions. The steel fibres
used here are of hooked ends.

4.6 Polypropylene Fibre

The polypropylene fibre is very light in nature and is very light in nature. The
polypropylene has a melting point of 170. It has a water absorption capacity of
0.3%.

5 Tests Performed

5.1 Compression Test

The cube’s compressive strength was determined at the end of 28 days.
Compressive strength of the cube can be found by

f = P/AN mm2
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5.2 Split Tensile Test

The cylinder’s split tensile strength was determined after 28 days.
The formula used for finding out the tensile strength is

Split Tensile strength = 2P/3.14LD

5.3 Flexural Strength

The beam’s flexural strength was determined at the end of 28 days. The formula used
for finding out the flexural strength is

Flexural strength = PL/bd2(or)3Pa/bd2

6 Test Results

6.1 Compressive Strength

See Chart 1 and Table 2.
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Chart 1 Compressive strength test



94 M. Ranjitham et al.

Table 2 Compressive strength at 28 days

Index Compressive strength, Mpa Average stress, N/mm2

Trial 1 Trial 2 Trial 3

Conventional concrete 28.38 28.90 28.0.62 28.63

Hybrid fibre reinforced
concrete

33.09 33.17 33.29 33.18

Net % increase 13%

6.2 Split Tensile Test

See Chart. 2 and Table 3
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Chart 2 Split tensile strength

Table 3 Split tensile strength at 28 days

INDEX Split tensile strength, N/mm2 Average stress, N/mm2

Trail 1 Trail 2 Trail 3

Conventional concrete 3.08 3.09 3.10 3.09

Hybrid fibre reinforced
concrete

4.62 4.67 4.78 4.69

Net % increase 48%
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Chart 3 Flexural strength

Table 4 Flexural strength at 28 days

Index Flexural strength, N/mm2 Average stress, N/mm2

Trail 1 Trail 2 Trail 3

Conventional concrete 3.54 3.58 3.57 3.56

Hybrid fibre reinforced
concrete

4.74 4.65 4.77 4.72

Net % increase 31%

6.3 Flexural Strength

See Chart 3 and Table 4

7 Conclusion

The experimental investigations are conducted on the cube, cylinder, and beam. The
compressive strength, split tensile strength, the flexural strength of the elements are
compared with the hybrid fibre reinforced concrete. The following conclusions were
arived.

1. TheStrengthof the hybridfibre reinforced concrete is increasedgraduallywithout
any addition of admixtures.
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2. The compressive strength of HFRC at the end of 28 days is 33.18 N/mm2 which
is more than that of conventional concrete. Thus, 13% is the average increase of
compressive strength.

3. The split tensile strength of HFRC at the end of 28 days is 4.69 N/mm2 which
is more than that of conventional concrete. Thus, 48% is the average increase of
split tensile strength.

4. The flexural strength of HFRC at the end of 28 days is 4.72 N/mm2 which is
more than that of conventional concrete. Thus, 31% is the average increase of
flexural strength.

References

1. PrahalladaMC, PrakashKB (2011) Strength andworkability characteristics ofwaste plastic fiber
reinforced concrete produced from recycled aggregates. Int J Eng Research Appl 1(4):1791–
1802. ISSN 2248-9622

2. Shao YD,WangWF (2012) Experimental study on fracture properties of hybrid fiber reinforced
concrete. Adv Mater Res 450–451:518–522

3. Gao S, Tian W, Wang L, Chen P (2012) Comparison of the mechanics and durability of hybrid
fiber reinforced concrete and frost resistant concrete in bridge deck pavement. Transp Infrastruct
Construct Emerg Technol 2927–2935

4. Dawood ET, Ramli M (2011) Contribution of hybrid fibers on the hybrid fibers on the properties
of high strength concrete having high workability. In: Proceedings of Twelfth East Asia—Pacific
conference on structural engineering and construction. Procedia Eng 14:814–820

5. Ravi K, Prakash KB (2008) Strength characteristics of hybrid fiber reinforced self compacting
concrete subjected to sustained elevated temperature. In: Proceedings of 33rd conference on our
world in concrete and structures, Singapore, Aug 2008, pp 25–27

6. Jirobe S, Brijbhushan S, Maneeth PD (2015) Experimental investigation on strength and
durability properties of hybrid fiber reinforced concrete. Int Res J Eng Technol (IRJET) 02(05)



Experimental Investigation
on Geopolymer Bricks

M. Ranjitham, K. Vishvapriya, and L. U. Vishnu Pavya

Abstract The product material of combustion of coal is known as fly ash. It contains
fine particles and fuel gases emitted from boilers. During combustion, mineral impu-
rities in the coal (clay, feldspar, quartz and shale) fuse in suspension and float out of
the combustion chamber with the exhaust gases. As the fused material rises, it cools
and solidifies into spherical glassy particles called fly ash. Class F fly ash (contains
less than 20% lime) is collected. Due to the puzzolanic nature of the fly ash, it is
used in the manufacture of hydraulic cement and also in the partial or complete
replacement of PC in the manufacture of concrete. Fly ash can not only be used in
the cement industries but can also be used in the manufacture of brick. This is more
eco friendly. The main objective of this paper is to examine and monitor the purpose
of geopolymer brick which contains fly ash as the chief constituent. The geopolymer
bricks were prepared and casted with clayey soil and fly ash in various proportions
such as 100:0, 80:20, 70:30, 60:40 and 50:50. The sodium fume solution was added
in the ratio of 1:2 ratio of water. The sodium fume solution acts as an alkaline acti-
vator. This is now added to NaOH solution which acts as a binder. The w/b ratio
was taken as 0.416 for dimension of 200 × 100 × 100. The obtained results were
compared with that of conventional bricks and studied.

1 Introduction

The production of conventional bricks in the industries uses 2200 m3 per billion
bricks per annum of soil. The thermal power plants produce nearly 110 million of
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fly ash annually and nearly 250 tonnes of coal. The complication in the manufacture
of bricks, production of fly ash and urbanization is increasing rapidly.

Concrete is one of the major components for the construction of bricks. The
industries manufacturing cement use fly ash as a complete replacement or partial
replacement to Portland cement. The ordinary Portland cement usually generates
large amount of CO2 into the atmosphere. This ultimately leads to greenhouse gas
emissions. It is high time to find an alternative material for the manufacture of
bricks. The geopoymer bricks are an innovative building material which depletes the
greenhouse gas emission to nearly 80%. In this paper, the production of geolpolymer
solid brick using class F fly ash as the chief ingredient and its physical properties has
been studied.

1.1 Geopolymer

Geopolymer concrete is manufactured by utilizing the waste materials like fly ash
and ground granulated blast furnace slag also known as GGBS. Fly ash is obtained
from the byproduct obtained from thermal power plants, whereas ground granu-
lated blast furnace slag is obtained from the byproduct obtained in steel plants.
Both fly ash and GGBS are processed by technology which is used in the form of
geopolymer concrete. The use of geopolymer concrete helps in decreasing the wastes
and reducing carbon emission by decreasing the demand of Portland cement. Silicon
and aluminium are the main constituents which are provided by thermally activated
natural materials (e.g. kaolinite) or industrial byproducts (e.g. fly ash or slab) and
an alkaline activating solution [1]. They polymerize these materials into molecular
chains to create binder. The applications of polymer-based binder material can be
highly used in the civil engineering field since conventional cement production is
energy intensive. Moreover, it also consumes a certain amount of natural resources
for large-scale productions to meet the demand [2]. On the other hand, the usage of
cement concrete is on the increase and necessitates looking for an alternative binder
to make concrete. The origin of geopolymer is derived from the rock-forming raw
materials. In the synthesis process of silicon-based polymers, geopolymers are used
[3].

1.2 Development of Geopolymer Bricks

Generally, fly ash reacted to form gel formation is known as the binder in brick
production. The binder replaces the requirement of cement. Fly ash of class F is rich
in silica and alumina. The reaction of alkali-activated pre-mixed sodium hydroxide
and sodium silicate with the higher amount of silica and alumina results in the gel
formation [4].
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2 Objectives

The main objective is

I. To implement and investigate casting and curing process.
II. Developmental study of salient properties of geopolymer bricks.
III. To produce substantial light-weighted bricks for field construction.

3 Materials Required

3.1 Clay Soil

Sediments deposited by rivers are known as alluvial soil. Alluvial soil contains sand,
silt and clay. Clay soil is rich in northern plains, deltas of different rivers such as
Godavari, Kaveri, Krishna and Mahanadi in Peninsular India.

3.2 Fly Ash

Fly ash is a byproduct from burning pulverized coal in electric power generating
plants. During combustion, mineral impurities in the coal (clay, feldspar, quartz, and
shale) fuse in suspension and float out of the combustion chamber with the exhaust
gases. As the fusedmaterial rises, it cools and solidifies into spherical glassy particles
called fly ash. Class F fly ash (contains less than 20% lime) is collected. Specific
gravity of fly ash is 2.30 and fineness modulus is 7.86 (Table 1).

Table 1 Fly ash Constituents Percentage of content %

SiO2 46.2

Al2O3 26.4

Fe2O3 10.7

CaO 7.60

SO2 1.80

Loss on ignition 0.20
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3.3 Water

In this project, casting and curing of specimen were done using potable water which
is free from all harmful materials. The role of water is to impart workability to the
mix.

3.4 Sodium Hydroxide

Sodium hydroxides are available in form of pellets and flakes. These are colourless.
Chemical composition of sodium hydroxide is assay, carbonate, chloride, sulphate,
lead, iron and zinc.

3.5 Sodium Silicate

Sodium silicate is also known as water glass or liquid glass, is available in liquid
(gel) form. As per the manufacturer, silicates are supplied to the detergent company
and textile industry as bonding agents.

4 Mix Design and Proportioning

4.1 Preparation of Alkaline Solution

1. Sodium silicate (Na2SiO3) solution
Sodium silicate (Na2SiO3) solution As we are aware, the molecular weight of
Na2SiO3 powder is 212.14 g. For a 1 M solution, 212.14 g of Na2SiO3 needs to
be dissolved into 1000 ml of refined water. So for a 1 M solution, we utilize a
little amount of water (e.g. 100 ml of water); the necessary measure of Na2SiO3

powder will be 2.12 g.
2. Sodium hydroxide solution

Essentially, the molecular weight of NaOH pellets is 40 g. For 1 M arrange-
ment, 40 g of NaOH should break up into 1000 ml of refined water. So for the
arrangement of 10 M solution, 40 g of NaOH disintegrated in 100 ml of refined
water.
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4.2 Mix Proportioning and Material Quantity

Different proportions of materials were used for making geopolymer bricks.

1. 100% soil + water
2. 50% soil + 50% fly ash + alkaline solution (NaOH + Na2SiO3) + water
3. 60% soil + 40% fly ash + alkaline solution (NaOH + Na2SiO3) + water
4. 70% soil + 30% fly ash + alkaline solution (NaOH + Na2SiO3) + water.
5. 80% soil + 20% fly ash + alkaline solution (NaOH + Na2SiO3) + water.

With some amount of water, sodium hydroxide and sodium silicate are being
mixed. The solution was prepared just before adding it to the dry mix. During the
former stages for all the materials portions, the molar ratio of the alkaline solution
used was in the ratio 1:10. Then, in the latter stages, the soil to fly ash ratio was kept
as 70:30. Keeping the soil to fly ash ratio as constant, the molar ratio of the alkaline
solution was 1:8, 1:12, 1:14 (Tables 2 and 3).

5 Mixing, Casting and Curing

The moulds in rectangular shape having a cross section of 20 cm × 10 cm × 10 cm
were prepared. The basic components like clay soil and fly ash were taken, and they
are weighed in a proper ratio. Mixing takes place with dry hands until it reaches a
proper uniform colour. This occurs after a time interval of 3 min approximately. By
using sodium silicates and sodium hydroxides, the alkaline solutions are prepared.

Table 2 Quantity of the material having constant alkaline ratio of 1:10

Proportion Soil (kg) Fly ash (kg) Molar ratio Na2SiO3 NaOH (ml)

100:0 3.5 0 1:10 10 40

50:50 1.62 1.62 1:10 10 40

60:40 1.95 1.29 1:10 10 40

70:30 1.97 0.87 1:10 10 40

80:20 2.4 0.3 1:10 10 40

Table 3 Quantity of the material having constant soil to fly ash ratio

Proportion Soil (kg) Fly ash (kg) Molar ratio Na2SiO3 NaOH (ml)

70:30 1.97 0.87 1:10 10 40

70:30 1.97 0.87 1:8 20 60

70:30 1.97 0.87 1:14 30 70

70:30 1.97 0.87 1:12 20 80

70:30 1.97 0.87 1:10 10 50
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Chart 1 Compressive strength of Geopolymer brick taken after 7 days and 14 days

The dry mixes together with alkaline solutions are mixed until a uniform mix is
formed. This is considered to be the final mix (approximately 3–4 min). During the
casting process, limited amount of water is added. This is then directly transferred to
the moulds by performing required compactions. Surface finishing was done to each
mould. The specimen is then made to dry cure at an average temperature of 60 °C
inside the oven. Even after curing, the specimen is left inside the mould for at least
6 h. The specimen is demoulded after 6 h and left to air dry until the day of test in
the laboratory.

6 Tests and Results

6.1 Compressive Strength Test

Compressive testing machine is used to test the compressive strength of the brick.
The capacity of CTM is 2000 KN. It is loaded at a rate of 200 kg/cm2/min. The
seventh and fourteenth day compressive strength is tested. The results are as follows
(Charts 1 and 2; Tables 4 and 5):

6.2 Water Absorption Test

This is to check the durability property which includes behaviour under weather
action. The dry specimen of brick is kept inside the oven till it reaches its constant
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Chart 2 Compressive strength of geopolymer brick

Table 4 Compressive strength of Geopolymer brick at various concentrations

Molar ratio of alkaline solution (1:10)

Material ratio
(soil:fly ash)

Results for 7-day specimen Results for 14-day specimen

Weight of bricks
(kg)

Compressive
strength (N/mm2)

Weight of bricks
(kg)

Compressive
strength (N/mm2)

100:0 3.18 2.25 3.10 2.47

50:50 2.68 2.05 2.62 2.37

60:40 2.74 2.45 2.75 3.00

70:30 2.78 2.70 2.67 3.35

80:20 2.92 2.28 2.86 2.38

Table 5 Water absorption of geopolymer brick (70:30)

Molar ratio (clay soil:fly ash = 70:30)

Material ratio
(soil:fly ash)

Results for 7-day specimen Results for 14-day specimen

Weight of bricks
(kg)

Compressive
strength (N/mm2)

Weight of bricks
(kg)

Compressive
strength (N/mm2)

1:8 2.80 2.65 2.72 3.20

1:10 2.80 2.82 2.65 3.40

1:12 2.78 2.61 2.75 3.05

1:14 2.78 2.61 2.78 3.25
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mass at 105–115 °C. Then, it is allowed to cool at room temperature. The weight
is now noted as (W1). The dry specimen is then immersed in clean water for 24 h.
Finally, the specimen is removed, cleaned and weighed and noted as (W2) (Charts 3
and 4; Tables 6 and 7).

compressive strength of geopolymer brick(molar ratio 1:10)
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10                                                                                                                           compressive strength of
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Chart 3 Graphical representation of water absorption of geopolymer brick (1:10)

water absorption of geopolymer bricks(material ratio:70:30)
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Chart 4 Graphical representation of water absorption of geopolymer brick (70:30)
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Table 6 Water absorption of geopolymer brick (1:10)

Molar ratio of alkaline solution (1:10)

Material ratio (soil:fly
ash)

Initial dry weight
(W1) in kg

Final weight after water
absorption (W2) in kg

% of water absorption

100:0 3.10 3.62 16.20

50:50 2.63 2.95 12.43

60:40 2.75 3.18 15.93

70:30 2.68 3.00 11.84

80:20 2.86 3.20 12.13

Table 7 Water absorption of geopolymer brick (70:30)

Molar ratio (soil: fly ash = 70:30)

Material ratio (soil:fly
ash)

Initial dry weight
(W1)in kg

Final weight after water
absorption (W2) in kg

% of water absorption

1:8 2.73 3.20 17.06

1:10 2.68 2.97 11.10

1:12 2.76 3.10 12.20

1:14 2.78 3.15 13.55

6.3 Efflorescence Test

It is a whitish crystalline salt compound. It consists of magnesium sulphate, calcium
sulphate and carbonates of sodium and potassium. Efflorescence deposits on the
surface of the brick are mainly due to moist conditions and low temperature. The
presence is mentioned as nil, slight and moderate.

6.4 Dimension Test

Few sample bricks are selected for dimension test. The length, width and height are
noted. The variations in dimensions are limited within 3% for class 1 and 8% for the
other remaining classes.

7 Conclusion

From the geopolymer bricks obtained by different material ratios and ratios of
alkaline solutions, it is concluded that

i. Geopolymer bricks have low weight compared to normal bricks.
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ii. Considering the 7-day and 14-day strength, the maximum compressive strength
was obtained by the brick with the material ratio 70:30.

iii. Themaximumcompressive strength obtainedwith different percentages of alka-
line solutions of geopolymer bricks of 1:10 ratio remains the same after 7 days
and 14 days.

iv. The water absorption and the penetration obtained from the test are compara-
tively less for geopolymer bricks than the normal bricks.

v. Due to the oven curing method and geopolymerization, small amount of was
restrained in the production of geopolymer bricks.

vi Therefore,we come to a conclusion that the geopolymer bricks are light inweight
and environmental friendly. Approximately, they have the nearest compressive
strength and decreased factor of water absorption than the normal bricks.
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Optimization of Mechanical Behaviors
of Boiled Egg shell Particulate-banana
fiber Reinforced Polyester Composites

K. Nijandhan, M. Raghunath, B. Monish Kanna, P. Nithish,
G. Vishnu Prakash, and E. Logesh

Abstract The natural fiber-reinforced polymer composites are recognized as an
alternative to wood and plastics in recent years. The natural plant fibers are extracted
from various parts of the tree and are used in polymer composites. Natural fibers have
gained popularity over synthetic fibers because of their low cost, lightweight, abun-
dance as natural and renewable resources, and versatilemechanical properties, among
others. Natural fibers in numerous applications in many fields such as automotive,
textile, fiberboard, cushion, paper, mattress, door, wall panel, air cleaner, dashboard
and insulation mat manufacturing, as well as in the construction and transportation
industries. This present investigation focuses on boiled eggshell particulated banana
fiber-polyester composites. The resin content of 60% is maintained constantly, and
reinforcement is maintained as fiber content of 40-x%, where x is the particulate
content in weight % was maintained for the different combination of fabrication
parameters. The tensile strength of fabricated composites has been evaluated as
per ASTM standards. The effect of fiber length and filler content on the mechan-
ical behaviors of banana fiber-polyester composites was studied using ANOVA and
surface plots. The nonlinear regression models have developed for the prediction of
mechanical behaviors over the specified range of conditions and optimized the better
values of parameter.

Keywords Banana fiber · Boiled shell · Polyester resin · Tensile strength ·
Response surface methodology

1 Introduction

Natural fibers are potential alternatives to artificial fibers such as glass, aramid and
carbon fibers. The natural fibers have abundant, environment-friendly, low cost, no
hazard during handling, etc. There is a growing interest in development of new
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materials which enhance optimal utilization of natural resources and, particularly, of
renewable resources. Natural fibers such as jute, coir and sisal belong to this cate-
gory. The usage of natural fibers as reinforcement in engineering field is increasing in
trend. Many composites exhibit great weight to strength ratio, corrosion, oxidation,
wear, etc. This natural composite has unique characteristics which provide engineer
with design opportunities [1].Manymanufacturing processes for composites arewell
adapted to the fabrication of large, complex structures, which allows consolidation
of parts, reduction of manufacturing costs [2]. The composite strength depends on
the verity of reinforcement, fiber content, fiber length, process temperature, oper-
ating pressure, manufacturing method, etc. Owolabi et al. [3] fabricated the coir
fiber with phenol–formaldehyde resins composites. The mechanical properties were
studied and concluded that coconut fiber has potential for reinforcement [4]. The
other fibers such as sisal-polymer composites were successfully proved in composite
applications. Most of the research was carried out on sisal-polymer composites in
the mid-1990s. On the other hand, the people incorporated the particles as rein-
forcement for its increasing nature of mechanical properties of composites. The
particles have two different types, one is organic and another one is inorganic parti-
cles. Chi-Ming et al. [5] developed the polypropylene (PP) and calcium carbonate-
based composites and reported that the particulates were improved the mechan-
ical properties of the composites [6]. Leong et al. [7] studied the polypropylene-
based hybrid composites. The mechanical and thermal properties of hybrid (PP)
composites made from calcium carbonate (CaCO3) and talc—PP composites of
different filler weight ratios (talc/CaCO3) were evaluated and found that particu-
lates were improved the composite properties [8]. Mohanty et al. studied the influ-
ence of different surface modifications and fiber content on the performance of the
biocomposites [9]. Increasing the fiber contentwill lead to improvement of composite
strength at a certain level; thereafter, it will reduce the strength of composites. Jute
fiber content also affected the biocomposite performance and about 30% by weight
of jute showed optimum properties of the biocomposites [10–15].

Moreover, a large number of researchers incorporated new organic filler into
composites for the further improvement of composites. Further, they found the
optimum parameters for better mechanical properties using the techniques such as
heuristic and non-heuristic optimization techniques. Kailainathan et al. [16]) investi-
gate the effect of process temperature and particulate content on sisal fiber-reinforced
composite. The impact behavior of fabricated composite specimens were optimized
using pattern search optimization and validate the results, which shows there is
small value of error in between in experimental and optimized values [17–19]. In the
present investigation, the composites were fabricated using natural fiber and boiled
eggshell particles and evaluate their mechanical properties in terms of changing the
fiber length and filler weight content (%). To develop the regression equation for the
mechanical behaviors of banana fiber, boiled eggshell polyester composites found
the better parameters for better mechanical properties using genetic algorithm.
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Table 1 Parameters and levels

SI. No. Parameters Level 1 Level 2 Level 3 Level 4 Level 5

01 Fiber length (mm) 10 20 30 40 50

02 Particulate wt content (%) 5 10 15 20 25

2 Experimental Procedure

2.1 Materials and Methods

The banana fiber (diameter 0.8–1.2 mm) and boiled shells (size 40µm) are collected
from local areas of erode. The experiments were conducted as per the full factorial
design. Table 1 shows the parameters and levels used in this experiment. The unsat-
urated polyester is used as a matrix material. The matrix system consists of unsat-
urated polyester resin, cobalt actuate accelerator and MEKP catalyst in the ratio of
1:0·015:0·015. The composites were fabricated in the mold size of 300 × 300 × 3
mm3 using compression molding process in the operating pressure of 2.3 MPa and
curing temperature of 60 °C in 45 min. The composite sheets allowed for curing 24 h
in room temperature. After curing, the tensile specimens were cut as per the ASTM
standards.

2.2 Mechanical Testing

The tensile behavior of egg cell particulate incorporated banana fiber-polyester
composites was measured using the Universal Testing Machine (Make: Shimadzu &
Model: AG-IS) at a cross-head speed of 5 mm/min (Fig. 2) as per the ASTM D638-
08 standard. The specimens (Fig. 1) were cut from the fabricated composite in the
approximate length, width and thickness of 165 mm, 25 mm and 3 mm, respectively.
Five identical specimens were tested to obtain the average tensile strength value.
Table 2 shows the tensile properties of banana-boiled eggshell particulate.

2.3 Regression Modeling and Optimization

The statistical tool regression analysis helps to estimate the value of one variable
from the given value of another. The nonlinear regression equations were developed
for determining the tensile properties within the lower and upper limits of the fiber
parameters. The quadratic model was selected, based on the fit summary and R2

value. The coefficient of determination, R2, is used in the context of the statistical
models whosemain purpose is the prediction of future outcomes, on the basis of other
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Fig. 1 Tensile properties of banana-boiled shell particulate

Fig. 2 Photographic image
of tensile testing machine

related information. Table 3 shows the regression equation of tensile strength models
of banana fiber-boiled eggshell polyester composites. Genetic algorithm is a method
to solve the constrained and unconstrained optimization problems which is based
on natural selection, the process that drives biological evolution. The parameters of
genetic algorithms are shown in Table 2 response surface and contour plots for the
tensile strength.

3 Result and Discussion

The effect of tensile strength on fiber length and particulate content of banana-boiled
eggshell particulate incorporated composites were shown in Fig. 3. The strength of
composites increased up to 30mm thereafter it reduced, this is due to the more length
of fibers gets more fiber-fiber contact which may reduce strength of composites. On
the other hand, the small length of fiber tends to less strength transfer of fiber, this
is due to the fiber gets more stress concentration leads to quick failure. In the case
of particulate content, the high strength obtained at 15% weight content. The high
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Table 2 Tensile properties of fabricated composites

Run Fiber length(mm) Particulate wt content (%) Tensile strength (Mpa)

S1 10 5 11.7

S2 10 10 12.7

S3 10 15 15

S4 10 20 13.1

S5 10 25 12.1

S6 20 5 14.8

S7 20 10 17.4

S8 20 15 20

S9 20 20 18.1

S10 20 25 15.7

S11 30 5 17.7

S12 30 10 21.2

S13 30 15 25

S14 30 20 22.1

S15 30 25 18.5

S16 40 5 15.3

S17 40 10 17

S18 40 15 19

S19 40 20 17.6

S20 40 25 15

S21 50 5 12.3

S22 50 10 14.1

S23 50 15 15.8

S24 50 20 14.6

S25 50 25 13.4

Table 3 Regression equation of tensile tested specimens

Parameters Equation R2

ts 6.74 + 0.937*fl + 1.357* fc + 0.0004* fl * fc − 0.015*fl 2–0.004* fc2 0.9

content of boiled egg shell particulate leads to insufficient resin to wet the fibers and
particulate and low fiber content tends to small amount fiber and particulate carry
the load. The regression equation of mechanical properties was formulated (Fig. 4).

The regression equation has R2 value of 0.9 which shows the predicted models
were well fit into the experimental values.

The surface response plot and contour plots were shown in Fig. 5. The genetic
algorithm is used to optimize themechanical properties of composites. Themaximum
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Fig. 3 Photographic image of tensile test specimen after fracture

Fig. 4 Validation of particulated polyester composites

values of tensile strength are 26.2 MPa in the fiber length of 35.5 mm and partic-
ulate content of 17.49 wt.% was the optimized values of banana fiber-boiled
eggshell particulate composites. The optimized values were validated through V
experimentation and found the minimum value of error.

3.1 Genetic Algorithm

Genetic algorithm is a heuristic optimization technique. The genetic algorithm is used
to solve both constrained and unconstrained optimization problems that is based on
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Fig. 5 3D contour plot

natural selection, the process that drives biological evolution. The genetic algorithm
repeatedly modifies a population of individual solutions. The optimal parameters
of composites were found genetic algorithm. The maximum value of 25 MPa as a
optimized value, in the fiber length of 30 mm and particulate content of 15% wt.

4 Conclusion

The tensile properties if banana fiber-reinforced boiled eggshell particulates were
evaluated. The experimental results show the fiber length of 30 mm and particulate
content of 15% wt. gives the tensile strength of 25 MPa, respectively. The regres-
sion equation is used to predict the mechanical properties, and its significance is
verified by 3D response surface and contour plots. Using genetic algorithm, the
optimal parameters were found and it is verified by validation tests. The results
were shows that banana fiber-boiled eggshell particulate improve the strength of the
composite and it can be potential reinforcement of lightweight components in the
field of automotive, construction, aero applications.
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Particle Swarm Optimization Tuned
Fuzzy Controller for Vibration Control
of Active Suspension System

K. R. Bharath Kumar, P. Senthil Kumar, K. S. Dharaneeshwarakumar,
and B. Deepak

Abstract This paper focus on the development of Particle Swarm Optimization
(PSO) tuned fuzzy logic controller for vibration control of hydraulic actuated active
suspension. A 2 Degrees of Freedom (DoF) of quarter car model with hydraulic
actuator dynamics has been developed to measure performance of active suspension
for various road conditions. A fuzzy controller was proposed for active suspension
in order to handle the complexity of active suspension and nonlinearity in actuator
dynamics. The effective control of fuzzy logic largely depends on optimum value of
membership functionwhich has been tuned by knowledge of user. A novel PSO algo-
rithm is proposed to overcome the limitation ofmanual tuning in fuzzy controller. The
optimum tunable parameters for membership function are obtained based on fitness
function of PSO algorithm. The simulation of quarter car model based nonlinear
active suspension is carried out for bump and random profile. The results from exper-
iment confirm the feasibility of proposed PSO tuned fuzzy controller for hydraulic
actuated nonlinear active suspension in terms of body displacement, acceleration,
and suspension travel.

Keywords Active vibration control · Quarter car model · Particle swarm
optimization · Fuzzy logic · Actuator dynamics
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Nomenclature

mw Wheel mass
mb Body mass
K s Suspension stiffness coefficient
kt Tire stiffness coefficient
xw Wheel displacement
vt Total volume of actuator
Ctp Total leakage coefficient
Cd Discharge coefficient
W Slope of spool valve area
U Servo voltage
Q Fluid flow rate
r(t) Reference signal
y(t) Suspension travel
bs Suspension damping coefficient
xp Particle best of particles
xg Global best of particles
Pl Pressure drop
Aa Actuator ram area
r Road profile
bs Damping force
f s Actuator force
xb Body displacement
xv Wheel displacement
r Road profile
X Position of particles
V Velocity of particles
i, i + 1 Current and next iteration position
� Momentum factors
r1, r2 Random numbers
C1,C2 Cognitive acceleration factor
h1, h2 Road height
A, B, C Scaling factors
Ps Pressure of hydraulic actuator

1 Introduction

The purpose of suspension system is to reduce the road disturbance by minimizing
displacement and acceleration of vehicle body. Design of suspension involves an
optimization processwhere the design elements are selected by compromising on soft
and hard suspension. Nowadays, many researcher focusing their research on active
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suspension systems due to its ability to operate onwide range of frequency [1–6]. The
development of computer and micro-processor improved practical implementation
of active suspension in automotive industries [7, 8].

Alleyne and Liu proposed a nonlinear control technique for hydraulic operated
quarter car model based active suspension [9]. A nonlinear control law formulated to
control dynamic nature of hydraulic actuator. The quarter car model is a simplified
model of car with 2 DoF by using that the vertical motion of car body and wheel has
been measured for active suspension [10]. Rajendran first introduced fuzzy logic to
practical application for quarter car model [11]. Fuzzy logic has an ability to control
a system without any mathematical model. Further, fuzzy controller is simple and
handle parameter uncertainty and nonlinearity in system very well compare to model
based control. Palanisamy et al. formulated fuzzy control algorithm by considering
states of sprungmass velocity and acceleration for quarter-carmodel [12]. Cherry and
Jones investigated the application of fuzzy control to continuously variable damping
automotive suspension using full car model [13]. Huang and Chao employed grey
predictor with fuzzy controller to remove the tire deformation from feedback signal
of active suspension [14]. D’Amato andViassolo proposed double loop fuzzy control
to avoid rate space issue in active suspensions [15].

However, the optimum performance of traditional controller depends on appro-
priate fuzzy rules and membership functions. There are no proper guidelines to tune
fuzzy parameters and this time-consuming tuning process is often carried out by
knowledge of expert [16]. Hence, intelligent optimization algorithms were intro-
duced into fuzzy controller to tune fuzzy parameters-based performance index in
order to reduce the time consumption of tuning process. Rao and Prahlad developed
tunable fuzzy logic controller in which input membership functions are fine-tuned
by trial and error methods using look-up table [17]. Shao proposed a self-organizing
fuzzy controller (SOFC) to establish membership function without the intervention
of human expert [18]. However, they need a complicated learning mechanism and
its rules increase exponentially in terms of number of dimension make it difficult for
real-time implementation. Hence, in this paper PSO algorithm is introduced to fuzzy
logic controller to tune the membership function.

2 System Modeling

The 2 DoF of quarter car model is represented in Fig. 1. The sprung and unsprung
mass are coupled together by the spring, damper, and hydraulic actuator to generate
active force. The equation of motion for the 2 DoF of quarter car model is derived
from Newton’s second law of motion as described in Eq. (1)–(3).

mb ẍb + bs(ẍb − ẋw) + ks(xb − xw) = fs (1)

mw ẍw + bs(ẋw − ẋb) + ks(xw − xb) + kt(xw − r) = − fs (2)
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Fig. 1 Quarter car model of
active suspension

ḟs = −β fs − αA2
a(ẋb − ẋw) + τ Aaxv

√
Ps − sgn(xv) fs

Aa
(3)

The hydraulic actuator is modeled with four-way piston–valve arrangement. The
force exerted by actuator is f a = AaPL where Aa and PL represent area of piston
and pressure drop inside cylinder respectively. The rate of change of pressure drop
expressed as in Eq. (4).

Vt

4βe
· PL = CtpPL − Aa(ẋas − ẋau) + Q (4)

Hydraulic flow in cylinder is derived from Eq. (5)

Q = Cdwxv

√
1

ρ

[
Ps − sgn(xv)PL

]
(5)

Hence, the actuator force developed by hydraulic actuator is described by the
nonlinear Eq. (6).

ua = −β fs − αA2
a(ẋas − ẋau) + τ Aaxv

√
Ps − sgn(xv)ua

Aa
(6)

where α = 4βe/Vt, β = αCtp, Γ = α cd w
√
1/ρ and xv = kcU . The parameters

and values assigned for the quarter car active suspension system with hydraulic
actuator represented in Table 1.

The equation of motion for quarter car model with hydraulic actuator dynamics
is described below.

.
x1 = x2 (7)
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Table 1 Parameters for
active suspension

Symbol Value Unit

mw 60 kg

mb 300 kg

ks 16,000 N/m

kt 19,000 N/m

bs 1000 Ns/m

Ps 10,342,500 Pa

Aa 3.35 * 10–4 m2

kc 0.001 m/V

α 4.515 × 1013 N/m5

B 1 s−1

G 1.545 × 109 N/m5/2 kg1/2

.
x2 = 1

ms
[ks(x3 − x1) + cs(x4 − x2) + x5] (8)

.
x3 = x4 (9)

.
x4 = 1

mus
[ks(x1 − x3) + cs(x2 − x4) + kt(zr − x3) − x5] (10)

.
x5 = −βx5 − αA2

a(x2 − x4) + �Aaxv

√
Ps − sgn(xv)x5

Aa
(11)

3 Controller Design

3.1 Fuzzy Logic Controller

The plant that is difficult to obtain mathematical models can be easily controlled by
fuzzy logic. The estimation of road surface deviation and tire deformation is difficult
in active suspension. Hence, the model-free fuzzy logic controller is proposed to
control the active suspension without the need for mathematical model. The error (e)
and error rate (	e) of suspension travel is obtained from Eqs. (12 and 13).

e(t) = r(t) − y(t) (12)

	e(t) = e(t) − e(t − 1)

T
(13)
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Fig. 2 Membership function for fuzzy logic

Table 2 Fuzzy rules table

	e

E NEB NES ZER PES PEB

NEB NEB NEB NES NES ZER

NES NEB NES NES ZER PES

ZER NES NES ZER PES PES

PES NEM ZER PES PES PEB

PEB ZER PES PES PEB PEB

The degree of membership function is represented in Fig. 2 with linguistic vari-
ables. The input and output membership functions are normalized between −1 and
1. The error in suspension travel is relatively large, so each membership function are
expressed by a triangular function.

The total number of possible fuzzy rules are 5 × 5 = 25. The empirical fuzzy
rule base for active suspension is summarized in Table 2. The rule base for the fuzzy
controller has rule of the form as below: Rn: If e is NEB and 	e is NEB then u is
NEB.Where Rn is the nth rule. e and	e are fuzzy input variables. u is control output
of fuzzy system. NEB is linguistic terms used in fuzzy system.

3.2 PSO Tuned Fuzzy Logic Controller

The major drawbacks of designing the fuzzy controller are that it requires the expe-
rience of human experts to tune the scaling factor of membership function. The
time-consuming manual tuning process can be eliminated by fuzzy learning system.
Hence, a novel PSO tuning algorithm is proposed as shown in Fig. 3 for fuzzy learning
system to adjust the scaling factor of fuzzy logic.

PSO is population-based heuristic search algorithm inspired by swarm method-
ology for optimization of continuous function [19–22]. The algorithm starts with
random population and search for optimum solution by updating population similar
to genetic algorithm [23]. Each element in the population is called as particle in
PSO. Each particle moves with certain velocity in the search space. The magnitude
of velocity decides themovement of particle in the search space. The particle velocity
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Fig. 3 PSO-tuned fuzzy controller for active suspension

and position are updated based on global best and particle best values as follow;

v(i + 1) = w × v(i) + c1 × r1 × (xp − x(i)) + c2 × r2 × (xg − x(i)) (14)

x(i + 1) = x(i) + v(i + 1) (15)

The searching algorithm of PSO is described as follows:
Step 1: Select population size and maximum iteration number.
Step 2: Initialize swarm velocity and position randomly for PSO.
Step 3: Select range of scale factors for membership function. The particle

positions are defined as scaling factor A, B and C.
Step 4: The fitness function is used for measuring performance index.
Step 5: Calculate the value of the fitness function for each particle using

SIMULINK model.
Step 6: Update the xp, xg value by classifying fitness values. If the xp of all current

particle is better than xg, then update the value of the global best solution.
Step 7: Modify swarm velocity and position for updated xp and xg.
Step8: Repeat Steps 5 to 8until the iterations reach itsmaximum limit to determine

the corresponding optimal solution.

4 Simulation

This section presents simulation of hydraulic actuated full car model based active
suspension for control algorithm developed in previous section. For comparison, the
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Fig. 4 Response of active suspension for bump road

PID controller introduced for active suspension to demonstrate the effectiveness of
proposed controller.

Bump road is always assumed as sinusoidalwaveformand the grounddisturbances
as depicted in Eq. (16) is used for simulation.

r(t) =
⎧⎨
⎩
h1(1 − cos(8π t)/2) if 1 ≤ t ≤ 2
h2(1 − cos(8π t)/2 ) if 6 ≤ t ≤ 7
0 otherwise

(16)

h1 =15 cm,h2 =10 cm.The response of passive, PID, andPSO tuned fuzzy controller
for body displacement, acceleration is illustrated in Fig. 4. It is clear from the figure
that body displacement and acceleration of active suspension is significantly reduced
in PSO tuned fuzzy controller.

Table 3 gives the Root-Mean Square (RMS) values for bump road. The perfor-
mance of suspension parameters are effectively measured using RMS values. The
RMS value of the body displacement and acceleration indicates ride quality of the
passengers and the amount of vibration reduced by suspension system.

The RMS value of body acceleration is reduced from 0.61 to 0.31 m/s2 which
means 49% of reduction in acceleration is achieved by PSO tuned fuzzy controlled
active suspension. Similarly, the percentage of reduction in body displacement, pitch
angle and roll angle are 33%, 70% and 31% respectively. It is clear from the table that
displacement and acceleration of vehicle are considerably reduced by PSO fitness
function which further improves ride comfort and stability of vehicle.

In real time, road disturbance is specified as random process with sequence of N
(0, 2πn0

√
G0V ) random variables, where G0 is road roughness coefficient and n0

= 0.1 is spatial frequency. The road roughness of D with ISO2631 standards road is
selected to generate the random road profile. The response of suspension parameter

Table 3 RMS value for
bump road

Parameter Passive Active PID PSO Fuzzy

Displacement (cm) 1.83 1.58 1.22 (↓33%)

Acceleration (m/s2) 0.61 0.41 0.31 (↓49%)
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Fig. 5 Response of active suspension for random road

Table 4 RMS value for
bump road

Parameter Passive Active PID PSO fuzzy

Displacement (cm) 3.83 2.09 1.81 (↓52%)

Acceleration (m/s2) 1.34 0.86 0.31 (↓76%)

for random road is compared with passive and PID-controlled suspension system as
illustrated in Fig. 5. It is seen from the figure that fuzzy controller auto tuned by PSO
algorithm impressively reduce body displacement and acceleration of suspension
system.

Table 4 gives the RMS values of the body displacement, body acceleration,
pitch angle, and roll angle for random road. The PSO-tuned fuzzy active suspen-
sion reduces body acceleration from 1.34 to 0.31 m/s2 and body displacement from
3.83 to 1.81 cm. From this table, it is clear that greater degree of reduction in suspen-
sion parameters can be achieved from PSO tuned fuzzy controller for the random
road inputs, which further confirms the possibility of the proposed PSO tuned fuzzy
controller for nonlinear active suspension.

5 Conclusions

A 2 DoF of quarter car model was developed for nonlinear hydraulic actuated active
suspension system tomeasure heavemotion of vehicle. PSO algorithmwas proposed
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for fuzzy controller to overcome the limitation in manual tuning of membership
function. The scaling factor of membership function was tuned by PSO based on the
fitness function of active suspension. The fitness function was defined in such a way
that will minimize the sprungmass acceleration and suspension travel of vehicle. The
simulation of quarter carmodel-based nonlinear active suspensionwas carried out for
bump and random profile. The results of experimentation confirm that the proposed
PSO tuned fuzzy controller significantly reduces body displacement, acceleration of
active suspension to improve the ride comfort of vehicle.
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Additive Manufacturing Parameter
Optimization with Automated
Post-printing Flaw Detection Using
Convolutional Neural Networks

E. Prakash, M. Subramaniyan, Anna Kalyani Naveen Sankar,
and Kumaraguru Chandra Kumar

Abstract In additive manufacturing, the printing quality and errors are inevitable
nowadays. The quality errors such as not extruding at start of the print, not sticking
to the bed, stringing or oozing, layer shifting, layer separation and stops extruding
mid print can lead to complete wastage of material and time. Detecting such defects
while printing the piece will help eradicating the wastage of material and saves lots
of valuable time. Providing a proper checkpoints and critical design identification
where the defects are highly vulnerable can help us perform corrective measures
in the early stages of printing. Here we present our findings on a novel approach
based on visual pattern mining using volumetric elemental pixels popularly known
as Voxels. The proposed finding provides an accelerated process monitoring and
detection of printing failure conditions—by the method of classifying every layer of
the printing 3D model into critical and normal layers using advanced deep learning
pattern mining approach with convolutional neural networks and automatic choice
of critical checkpoints from the classification, to calculate error deviation between
the Voxel image of critical 3D printed layer with actual image of same layer from
the semi-finished part. Integration of a camera in 3D printer, Voxel separation and
processing, pattern mining, and deep machine learning provides the above-proposed
system which results in high test accuracy >93% on unknown raw models. Images
of parts are taken at various stages of the printing process according to the part
geometry, and Voxel images are extracted from >20k 3D models. A deep learning
method, convolutional neural networks (CNN), is proposed to classify the parts into
either ‘normal’ or ‘critical’ category. Parts using PLA and FDM materials were
printed to demonstrate the proposed framework. We demonstrate that this method-
ology precisely and unambiguously detects the print failure in most cases and stops
the print for manual corrective measure.
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1 Introduction

The new ability of creating complex geometrical shape with more manufacturing
options using the design software, termed 3D printing, has become a viable option
for production.

Various applications have been arised over these technologies significantly in
several fields, but they do not have any designated system to track and monitor the
printing progress. This causes the 3D printers to print the part even though filament
ran out or any other potential defects occur in the filament extruding process causing
the wastages and unease of printed components. Hence, a system is required to
detect the defect which occurs during printing stages and not only defect and also
to ensure the perfectness in printed components. Continuous detection may also not
end up productive; hence, effective monitoring of critical stages will be effective
[1]. Automated monitoring system is mostly viable for production-scale 3D printing
farm where multiple printers are being functioned at same time.

Newmethod has been proposed to for error solving bymonitoring the 3D printer’s
printing functionalities [8] at various checkpoints by pausing and comparing with the
Voxel-layer image (Fig. 1) to resolve the defect identification and to decide whether
to continue or hold the printing process.

The critical checkpoints defined used the new area of machine learning coined
’Deep Learning’ which provides the solution for figuring out the critical points.
More than 10,000+ Cad model files have been learned by the proposed method with
annotated critical point, thereby getting the capabilities of finding the critical points.

Fig. 1 3D model to Voxel conversion



Additive Manufacturing Parameter Optimization with Automated Post … 129

2 Methodology

The process begins with the algorithm of segregating the images to figure out the
critical points in the components. Initially, the 3D component is sliced into layers
based on layer thickness and each consecutive layer is summed up to figure up
with consolidated layer. Figure 2 indicates the separated layers, Fig. 2b indicate
the consolidated layers. Once the image splits into layers it undergoes the below
methodology to figure out the critical points.

2.1 Local Receptive Fields

Each neuron in the first hidden layer will be connected to a small region of the input
neurons. This region in the input image is called the local receptive field for the next
hidden neuron (Fig. 3). Then, we slide the local receptive field across entire input
image pixels [2]. For each field, there will be different hidden neuron in the first
hidden layer.

2.2 Shared Weights and Biases

Each hidden neuron has a bias and 3 × 3 weights connected to its receptive fields
[3]. We are going to use the same weights and biases for 148 × 148 neurons.

σ

(
b +

4∑
l=0

4∑
m=0

ωl,ma j+l,k+m

)

This means that all the neurons in the first hidden layer detect exactly the same
feature at different locations in the input image. These shared weights and biases
are used to define a kernel/filter/feature map. For critical point identification, we use

(a) Separated Layers (b) Consolidated Layers

Fig. 2 a Separated layers, b consolidated layers
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Fig. 3 Hidden layer of input neurons

multiple three-dimensional feature maps in different convolutional layer which can
detect all localized features (Fig. 4).

a1 = σ(b + w ∗ a0)

where
a1—denotes the set of output activations from one feature map,
a0—is the set of input activations,
∗ —is called a convolution operation,
b—is biases
w—is weights

Fig. 4 Featuring of taken image to 150 × 150 pixels
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2.3 Pooling Layers

To simplify the information in the output from the convolutional layer, we are using
a max pooling layer. This layer takes each feature map output from the convolutional
layer and forms a condensed feature map. In max pooling, a pooling unit simply
outputs the maximum activation in the 2 × 2 input region [4] (Fig. 5).

Since we have 148 × 148 neurons output from the convolutional layer, after
pooling we have 74 × 74 neurons (Fig. 6).

In addition to these, we add three more convolutional andmax pooling layers with
64, 128, 128 filters andReLU activation function, respectively [5]. Before connecting
the output of these partial layers to a fully connected layer, we used a dropout layer
with the rate of 0.5 (50% randomneurons to drop in each epoch) to prevent overfitting
[6].

This is followed by a flatten layer to flatten the output neurons to 1D layer with
(6272 neurons) to feed it to the fully connected layer. After flatten layer, a dense

Fig. 5 Pooling unit conversion

150 x 150 3 x 148 x 148

3 x 74 x 74

Fig. 6 Output from convolutional layer
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Fig. 7 Trainable parameters

fully connected layer with 512 neurons [7] is used and followed by a softmax layer
with 2 neurons to classify critical and normal points in each binary image. This in
turn creates total trainable parameters of 3,453,634 (Fig. 7).

2.4 CNN Architecture of the model

See Fig. 8.
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Fig. 8 CNN architecture

3 Result and Discussion

The critical point classified by the DCNN model is used as a checkpoint to
pause the printing process, and a snap of that printed piece is taken with an e-
CAM131_CUMI1335_MOD camera and cost function will be calculated with the
printed image with original image sliced from the stl file using the below formula

J (θ) = 1

2

n∑
i=1

(
hθ

(
x (i)

) − y(i)
)2

The threshold value of 8% is set as the decision boundary. If the cost function is
above this level, printing process will be stopped for manual correction or supervi-
sion, else printing will be resumed to complete all critical checkpoints in the same
methodology (Figs. 9 and 10).

Fig. 9 Model graph
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Fig. 10 Printed component

4 Conclusion

This paper proposes a cost-effective additive manufacturing flaw detection system
for the time andmaterial cautious using deep convolutional neural networks based on
Voxel modeling. By slicing design (stl mesh) files into individual layers and feeding
layer images to the pre-trained DCNNmodel, to classify different layers into normal
and critical points. The latter is used as a checkpoint to pause the printing process,
and a snap of that printed piece is taken, and error will be calculated with the printed
image with original image. Based on the threshold value, the printing process will
be stopped for manual correction which can overcome several material wastage, and
time can be saved, and human supervision is avoided. Experimental results manifests
that the proposed additive manufacturing flaw detection systemwith 93.4% accuracy
will be fascinating and attractive to every 3D printing engineers and the additive
manufacturing industry.
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with Integrated Flood Monitoring
System Using Data Analysis
and Computation Techniques
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and S. Vignesh

Abstract In general, the natural catastrophic event causes damage to the life and
economy. The proposed work focuses on forecasting of flood using Internet of things
(IoT). The correlation techniques for multivariate datasets acquired from sensors
have been used for better flood forecasting scheme. The flood forecasting system
incorporates monitoring features, such as water level of dam, humidity, water flow
and rate of rainfall. These parameters are to be analyzed to monitor and control
the release of water from the dam at moderate rate in advance to avoid any losses
on downstream due to the flood. The datasets are collected by the wireless sensor
network (WSN) via PLC. The sensor information can be analyzed using correlation
techniques and system creates an alert to the people community, dam authorized
person through siren, alert message using a smart communication device and IoT
dashboard. The analyzed result can be appended to show a considerable development
over the current existing methods. The manual gate control mechanism results in the
insufficient supply of water due to the flow of excess water and human errors which
leads to failure in monitoring and controlling the opening and closing of shutter. The
water leakage in dam is due to poorly sealed pipes or the improper concrete structure.
The designed flood control systemwas intended to acquire the real-time data for flood
prediction by correlation techniques for integrated PLC and servo-based control of
dam and canal shutter instantaneouslywithout any time lag. Further, thewebpage and
mobile application can be created in which the data could be monitored frequently
by the officials and the people who live in that locality thereby creating an alert.
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1 Introduction

A dam is constructed mainly for irrigation, flood prevention and power genera-
tion. More than 2.3 billion people were facing severe crisis due to flood in the last
20 years. On the other hand, due to unplanned opening of dam’s water, scarcity goes
on increasing. Comparatively, there are numerous reports showing the rapidity of
increase in domestic and industrial demand for water, apart from agriculture. The
rapid growth in demand for water will occur in the countries with developing or
emerging economies [1]. The energy production through hydropower plants is one
of the best renewable green energy sources. Globally, the hydroelectric power plants
have a combined capacity of 675,000 MW that generates over 2.3 trillion kW-h of
electrical power every year, supplying 24% of the world’s electricity. It is essen-
tial to uphold the speed of the turbine for achieving a good efficient model [2]. In
order to prevent flooding, the shutter level should be maintained based on the prior
prediction of flood from several scenarios, such as rainfall in water catchment areas,
water level in dams and allowing calculated amount of water through canal branches.
The study proposed to forecast the river flow using ANN model and validated the
accuracy on upstream locations. These approaches have been evaluated to predict
the flood at Dongola station [3]. The repetitive flood damage is to be protected by
nomograph-based flood forecasting method for saving human lives from real-time
rainfall analysis [4]. The research proposed IoT-based smart flood monitoring and
forecasting architecture by combining big data and HPC.

2 Literature Survey

The K-mean clustering algorithm tends to predict the status of flood, and the fore-
casting has been carried out using Holt-Winter’s method [5]. Sun et al. [6] discussed
the real-time monitoring of the inundated line, confiscated water level and deforma-
tion of dam. IoT-based monitoring of dam safety to provide safety alert informa-
tion during critical weather condition was discussed. The manual system is lagging
in terms of speed of the process. In order to open or close the shutter, the tradi-
tional methodology involves getting access from ministry, communication between
ministry and control room,manual calculation ofwater quantity allowed in each canal
and so on. For eliminating the above-mentioned problems, an automated system
would be the ultimate solution [7]. The issues in the current system tell that the
advanced development of automated unit would provide regular control over every
process in a dam [8]. The most critical challenge in automation system is gath-
ering the information about the individual process in each section of the dam setup.
The increase in water level and inrush flow of water in the dam due to rainfall will
damage the routine life of the habitants [9]. In order to avoid the damage, IoT dash-
board creates an alert to the surrounding people through short message service (SMS)
which can help people to evacuate from the place, thereby preventing the loss of life
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[10] and [11]. The developed application can be useful to assist the people to check
the water level, rainfall and flow rate in the dam. The data science management can
predict the flood using appropriate data in the cloud computing. The officials can see
the level of water and can schedule the opening of shutter accordingly [12] and [13].

The proposed system is to design an intelligent control system for automation
of dam and shutter gate integrated with flood monitoring system for preventing the
in-rush flow of water during flood by analyzing the sensor data using correlation
method. The system uses an IoT technology to incorporate the details regarding
dam, canal and flood monitoring areas with visualization of sensor data and timely
prediction of flood by analyzing the parameters, such as level, water discharge (inside
and outside dam areas) and rainfall.

3 Methodology

The digitization of automation process is to be effectively included in the dam
automation with integrated flood forecasting system that infers the real-time data
from which the statistics can be analyzed by correlation method based on the infor-
mation stored using cloud computing. The IoT device communicates with all other
devices to exchange the information remotely therebymonitoring and controlling the
process. The cloud computing technology provides a platform to access the stored
information about the products for monitoring and analyzing. It gives feedback to the
dam automation system through API. The flood forecasting system involved in our
prototype offers frequent monitoring of dam water level, outflow of water, tempera-
ture and humidity with the help of ultrasonic, humidity, rainfall and flow sensor. The
data from all the sensors will be investigated and appropriate relationship will be
established using data analysis method. The flood prediction system will determine
the occurrence of flood for controlling dam shutter in an automated manner. The
habitants near the dam are alerted by sending updates in the case of high out flow of
water from dam. This process ensures the prevention of life due to natural disasters.
The flood can be predicted by the data retrieved from the sensors. This can be used
by data science management structure as shown in Fig. 1.

In the case of real-time implementation of the process, the use of LIDAR sensor
is exercised for monitoring the water level. The LIDAR sensor is used for surveying
method which calculates distance by transmitting laser light and measuring reflected
light with sensor. The surface temperature is to be measured with the help of STS-51
(Thermistor). The temperature and humidity can be measured in a real-time manner
using thermo-hygrometer.
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Fig. 1 Data science management structure

3.1 Conceptual Design

The retrofit sensors are provided to the system in an appropriate manner. The data
from the respective sensor is collected by the PLC and then pushed into the cloud
using MODBUS communication. Using big data analysis, the correlation method is
executed for processing the collective datasets from variant sensors for prediction
of flood. The data related to flood prediction is to be read by the PLC using RTU
protocol which gives input the servo drive to control the position for stabilizing the
outflow of water from dam and canal within the appropriate response time.

The system has to send an alert through GSM module. The data retrieved from
the cloud is used for predicting flood, creating alert and controlling dam shutter.

The entire process is to be monitored by web dashboard and mobile application.
Figure 2 shows the conceptual design of the proposed system.
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Fig. 2 Conceptual design of DAM automation and flood monitoring system

4 Experimental Setup

The IoT-based dam automation and flood monitoring system is incorporated with
the features, such as self-monitoring and intelligent alerting. The sensors used in
the prototype are ultrasonic sensor for water level measurement, raindrop sensor
for measuring the rainfall, and temperature and humidity sensor for forecasting the
weather, and flow sensor to calculate the outflow of water from the dam. The data
from various sensors is to be analyzed using correlation method for predicting the
occurrence of flood. The proposed structure shown in Fig. 3a was designed with
requirement parameter and dimensions in solidworks. The structure shown in Fig. 3b
is made of acrylonitrile butadiene styrene (ABS) using rapid prototyping. ABS is
amorphous and therefore has no true melting point; it is insoluble in water. The
ABS material is recyclable and eco-friendly. It holds pressure up to 450 psi. The

Fig. 3 a CAD design, b system structure with retrofit sensors and control system
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(b)(a)

Fig. 4 a Shutter control mechanism, b graph visualization in mobile applications

conceptual design was made using SolidWorks, and the model is made using rapid
prototyping in the form of injection modeling technique.

4.1 Mechanism for Shutter Control

The link 1 rotates in circular path in which link 2 is connected. When servo motor
is actuated to rotate link 1, it makes the link 2 to move in translated path. The dam
shutter is fixed to link 2 in an inclined manner. When link 2 translates, it makes
the shutter to open. It receives feedback from data analysis system based on flood
prediction method. When the desired distance is achieved, the motor actuates and
opens the shutter in Fig. 4a.

4.2 Implementation of IoT and Data Analysis

The mobile application is developed for android users made from an algorithm for
viewing the real-time update of the retrieved data. Google firebase cloud system can
be used for data retrieval and authentication. The data acquired is stored in our firm’s
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server and they are uploaded to mobile application which is used for monitoring. The
mobile application consists of a login page incorporated with an introduction panel
for real-time data visualization which is updated for every 7 s from PLC as shown
in Fig. 4b.

It tends to provide a graphical representation of the stored data in the form of
analytical data. The webpage holds the data, such as date, time, water level, temper-
ature, humidity and rainfall. It was developed using HTML program for scaling the
background of the work.

The IoT dashboard has created for importing the report of data collected from dam
with its appropriate details for the particular period. The correlation method of
data analysis is a statistical technique for making relationship among the time-
related multivariable data sets captured from various sensors. The multivariate data
sets provide appropriate information for predicting the occurrence of flood. In this
method, the temperature is independently varying with humidity; water level is
dependently varyingwith inlet flow to the dam.Rainfall is also dependentwith respect
to temperature and humidity. The correlation infers the variation in one parameter
related to the other. The variation tells the forecasting of flood based on collective
data sets from different sensors.

This method is used to quantify the association between two continuous variables
between three dependents, such as rainfall, water level, water flow, and independent
variables such as temperature and humidity. The correlation of parameters from the
sensors are marked with different color indications by mentioning proper weightage
as shown in Figs. 5 and 6. The correlation points are strongly associated in the range
0.5–6% and 21–22% of water level with 0 to 10% of water flow which was shown
in x and y axis functions for the prediction of flood. Figure 6 shows the percentage
of variation of flood during various seasons in every year.

Fig. 5 Graph visualization in IoT dashboard
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Fig. 6 Analysis of data in Tableau

5 Conclusions

The data is made available on the webpage after retrieving it from the cloud storage.
It helps in executing the analysis and prediction of flood based on correlation method
of multivariate datasets. After utilizing the proposed system, it is having the facility
to control or monitor the dam’s shutter prior to the occurrence of flood based on
forecasting. The IoT technology is implemented to visualize the dynamic changes
in data sets. It creates an alert and provides possible control over the flow of water
to prevent flood. Furthermore, this system can run without any human intervention,
and an alert system is incorporated which will be helpful in the case of emergency
situation. Based on the implementation of the data analysis approach, the system
is able to predict the occurrence of flood through information acquired from the
database about the environment for a period of five years.
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Influence of Human Hair Fibre, Geogrid
and PVC Grid on the Performance
of CBR of Clayey Soil

V. Jayanthi, B. Soundara, S. Priyadharshini, J. Adhithya, M. Sharmaa Devi,
and S. Amritha Shankar

Abstract Thickness of pavement layers over the subgrade decides the strength of
pavement. Stronger subgrade reduces the thickness of pavement layers, whereas the
weaker subgrade needs improvement in deciding the strength of pavement. This paper
addresses the effectiveness of the inclusion of natural and synthetic reinforcement
material on clayey soil. The California Bearing Ratio of the subgrade is considered to
assess the thickness of the pavement. The effect of natural and synthetic material on
overall performance of the system in terms of bearing ratio has been systematically
studied through a series of tests. The natural reinforcement material such as human
hair was mixed uniformly with the soil, and geosynthetic reinforcement materials,
namely geogrid andPVCgrid,were introduced asmats in single and two layerswithin
the thickness of clayey soil at equal interval. The specimen for the unsoaked CBR test
was prepared at optimum moisture content and dry density obtained from standard
proctor compaction test. From the test results, it is observed that the unsoaked CBR
of reinforced clay is greater than the unreinforced clay irrespective of the inclusion
material. Also it is observed that the value of CBR is increased with increase in the
number of inclusion of reinforcingmaterial. The results from the serial of trial section
the double layer geogrid gives the better result compared to others. Even though the
human hair fibre also suggested for small works, it is having some bearing strength.
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1 Introduction

Since the introduction of ground improvement techniques, improving the strength
behaviour of weak soil is a major concern for engineers. In order to improve the
engineering properties of weak soil, manymethods were introduced by the engineers
such as inclusion of reinforcement into the soil, replacement of weak soil by strong
soil to a particular depth and improvement of relative density of soil [1]. The strength
of road pavements depends on the subgrade, subbase and subbase materials. The
subgrade soil should have the capacity to transfer the load from the pavement to the
layer beneath. The desirable properties of subgrade soil are influenced by stability,
incompressibility, volume changes, good drainage and ease of compaction.

The construction of concrete or asphalt pavements on weak soil is quite difficult.
Because in this case, due to an environmental concern, the pavement will get cracks
easily on its surface so that the road becomesworthless. Soil has the capability to carry
compressive and shear forces. In order to carry the tensile forces, many natural and
synthetic materials are used to increase the strength of subgrade. The thickness and
bearing capacity of the subgrade are determined by the penetration test commonly
known as California Bearing Ratio (CBR) test. CBR value of soil depends on many
factors like index properties, type of soil, permeability of soil, optimum moisture
content (OMC) and on soaked and unsoaked conditions of soil.

From the past few decades, planar structure has been used for various purposes
like pavements, foundations and walls. Afterwards, geocell was first initiated by
US Army Corps of Engineers for stabilization of sand beach [2]. Muthulakshmi
et al. have done the research on soaked and unsoaked CBR values and concluded
that soaked and unsoaked CBR values have been increased with the increment of
OMC [3]. Aboshio analysed and concluded that a strong relationship exists between
undrained triaxial compressive strength (UTCS) andCBR [4]. Based on this research,
it was suggested that UTCS results can possibly replace the CBR test results in the
characterization of lateritic soils for pavement design and construction.

Hegde and Sitharam [5] conducted an experimental study to improve the bearing
capacity of soft ground. Vaitkus and Laurinavicius [6] discussed the strengthening
of existing road pavements using geocells in Lithuania adopted by Lithuanian road
administration in 1998. Humayoon et al. [7] used plastic mat as geocell to calculate
the CBR value of soil. In this experiment, various thicknesses of plastic mats such as
1, 2, 3, 4 and 5 cm were placed at depths about 2, 4, 6 and 8 cm from the top of CBR
mould. They concluded that the optimum value of plastic mat is 3 cm thickness at
4 cm depth. The geocell application was successfully implemented in Latin America
by Lavoie and Botelho [8]. Leschinsky and Ling [9] concluded the geocell reinforced
embankment minimized the vertical settlement under monotonic and cyclic loading
conditions.

Many researchers have attempted to use different materials for strengthening
subgrade. Kuity and Roy [10], Singh and Gill [11] and Chauhan and Sharma [12]
suggested that geogrid layered inclusions provided the better result compared to
natural material inclusions like plastic waste, fly ash, etc. Ramakrishna and Naga
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Malleswara Rao [13] conducted an experiment on CBR using geosynthetics. From
this, he has suggested that geogrid gives more value in sandy soils. Robert Koerner
[14] discussed the stabilization of soil slopes using geosynthetics in the field. The
tensile reinforcement was provided to the soil provided by tensioned soil anchors
connected with the geosynthetic surface. The selected ground surface was covered
using geotextile from the top of slope. To enhance the bearing capacity as well as
the shearing of a clayey soil, the natural fibre human hair is distributed in clayey soil
samples [15]. This improves the strength significantly and also prevents the sample
from cracking.

Geosynthetics are the synthetic products generally known as polymeric prod-
ucts used for many purposes in civil engineering. Geosynthetics may be in the
form of geomembrane, geocell, geogrid, geotextile, etc., and the functions of these
geosynthetics mainly depend on the purpose of filtration, separation, reinforcement,
etc.

Form the past studies, the soil properties have been improved by the introduction
of reinforcement materials. Out of the reinforcement elements, randomly distributed
elements have been themain attraction ofmany engineers in the past few years. Based
on these conclusions, the present study has been taken up for the introduction of the
waste material as an alternate for geosynthetic products in ground improvement.
Using this reinforcement, the bearing capacity of pavement with the waste materials
such as human hair and PVC grid is to be increased, and finally, it is compared with
the geogrid reinforcement.

2 Material Tests

2.1 Soil

Soil used in this test was collected from Sathyamangalam, ErodeDistrict. To perform
the CBR test, the basic tests were performed on the collected clay. For that, the
collected soil was dried for 24 h, and the basic tests were conducted and the results
were compared with the corresponding IS codes. The basic tests like particle size
distribution using sieve analysis (IS 460-1962), specific gravity (IS 2720-1980—Part
3), Atterberg limit (IS 2720-1985—Part 5) and modified proctor compaction test (IS
2720) results were tabulated in Table 1. According to Unified Soil Classification
System, the soil was designated as CL (clay of low compressibility).

2.2 Natural and Synthetic Fibre

When the fibre introduced into the subsoil and base course, the fine-grained soil
interlocks with the synthetic products. Thus, the required bearing capacity can be
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Table 1 Material properties S. No. Tests performed Results obtained

1 Particle size
distribution

Sand—2.61%
Silt—78.92%
Clay—18.47%

2 Specific gravity 2.69

3 Atterberg limit Liquid limit—27%
Plastic limit—18%
Plasticity index—9%

4 Modified proctor
compaction test

OMC—11.48%
MDD—1.4173 g/cc

Table 2 Fibre properties S. No. Material Properties

1 Human hair Length—25 mm
Diameter—50 µm
Flexural strength—25–30 MPa

2 PVC grid Aperture size—40 mm × 40 mm

3 Geogrid Aperture size—40 mm × 40 mm

achieved without additional expensive soil exchange, and also sometimes, the base
course thickness can be reduced. The fibres used in this research were human hair,
PVC grid and geogrid, and the dimensions are tabulated in Table 2.

3 Experimental Setup

The soil sample was prepared with OMC for CBR test. Unsoaked CBR tests were
conducted for both reinforced and unreinforced soil samples. The prepared samples
were placed in the CBR testing apparatus, and the strain rate of 1.25 mm per minute
was applied during the CBR test.

3.1 Strengthening by Human Hair

The inclusion of human hair fibre into the soil for the improvement of shear strength,
as well as bearing capacity was successfully studied by Butt et al. [15]. In this
research to evaluate the bearing capacity of weak soil, the human hair was used as
an additive to the soil by weight (0.25, 0.5, 0.75 and 1%) of soil. With increase
in fibre content, the fibre may not be perfectly blended with the soil matrix. But
at the optimum content, the fibre produces good bearing capacity properties. The
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Fig. 1 CBR with geogrid and PVC grid

experimental study concluded that the addition of human hair fibre enhances the
bearing capacity of clayey soil.

3.2 Strengthening by Geogrid and PVC grid

To prepare a reinforcement sample, two geogrids and PVC grids are provided sepa-
rately in the cylindrical mould at heights of 60 and 120 mm. The first layer was
placed after compacting the clay to the maximum dry density by giving 56 blows
using the hammer. Further, clay was poured over the first layer of geogrid, PVC grid
and then the clay layer was compacted. Over that the second layer, the next layer of
clay was compacted. The provision of geogrid and the results were shown in Fig. 1.

4 Results and Discussion

The type of reinforcement and their corresponding 2.5 and 5 mm penetration was
tabulated in Table 3, and it is shown in Fig. 2.

The major conclusion from this study is summarized as follows:

• The inclusion of reinforcing materials in soils improves the CBR and decreases
the surface penetration and deformation.

• The CBR value of double layer of geogrid in 5 mm penetration is increased about
60.64% than the unreinforced section.

• The CBR value of dispersion of human hair is increased in 5 mm penetration
about 12.8% than the unreinforced sample.

• The CBR value of double-layer PVC grid in 5 mm penetration is reduced to 3.1%
when compared to the dispersion of human hair.



152 V. Jayanthi et al.

Table 3 CBR test results S. No. Reinforcement
details

CBR value

2.5 mm
penetration

5 mm
penetration

1 Without
reinforcement

1.18 1.09

2 Human hair 1.23 1.25

3 Single layer of
PVC grid

1.28 1.23

4 Double layer of
PVC grid

1.29 1.29

5 Single layer of
geogrid

1.97 1.85

6 Double layer of
geogrid

2.90 2.77
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Fig. 2 CBR test results

5 Conclusion

In the past few decades, geosynthetics predominantly occupy a major role in ground
improvement techniques. The application of geocell in various building (infrastruc-
ture) projects such as pavements and embankments has been popularized nowadays
due to its various benefits. This paper recognized the application of natural and
synthetic fibre reinforcement in various research activities. From the series of test
results, the addition of natural and synthetic fibre into the soil enhances the bearing
ratio of weak soil. Compared to geogrid, human hair and PVC are available in abun-
dance at a very low cost. This recycled method reduces the negative impact to the
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environment and also helps in sustainable development of various infrastructures by
utilizing these wastes effectively.
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Optimizing Performance Characteristics
of Blower for Combustion Process Using
Taguchi Based Grey Relational Analysis

K. B. Prakash, A. Amarkarthik, M. Ravikumar, P. Manoj Kumar,
and S. Jegadheeswaran

Abstract Complete combustion in a furnace must be achieved to reduce the emis-
sions. In order to achieve the same, this work focuses on the optimization of perfor-
mance parameters of centrifugal blower for complete combustion in the furnace with
the aid of one the optimization techniques, i.e., Taguchi-based grey relational anal-
ysis. The type of blade and percentage of the opening of the blower duct is selected
as input parametric characteristics. For experimental design, tests are planned based
on Taguchi’s L12 orthogonal array and by conducting experiments as design, the
output process parameters i.e. velocity, discharge, input power, output power, and
mechanical efficiency are calculated and found the operating settings of the blower
by manipulating grey relational grade with Taguchi optimization technique. The test
results propose that the type of blade has the most noteworthy impact on the multiple
performance qualities rather than the percentage of the opening of duct and blower
with a backward blade and 50% opening of duct shows the best-operating conditions.

Keywords Optimization · Taguchi-based grey relational analysis · Blower
performance · Velocity · Combustion process

1 Introduction

There are several factors that affect the combustion process, i.e., oxygen required
and velocity of air from blower, lack of that parameter leads incomplete combustion
in the boiler furnace. Due to the same, emissions expelled are more and which leads
to greenhouse effects and ozone layer depiction. To account for the same, incomplete
combustions should be avoided to decrease the emissions from the furnace [1]. One
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of the main reasons for the incomplete combustion is blower operating settings.
By setting or operating the blower at optimum conditions, the above-said problems
can be eliminated. So the attempt has been done to operate the blower at optimum
conditions and setting the parameters at optimum level using Taguchi-based Grey
Relational Analysis.

Combustion process in furnace depends upon the oxygen supplied to it. The
volume flow rate of air and velocity of should be 0.2–0.3 m3/s and 16–20 m/s [2].
In the performance vice, mechanical efficiency should be high and input power to
the blower should be less for the given output. To satisfy the above condition, power
required is being high. So these problems can be eliminated by setting the best
operating condition of the centrifugal blower.

This work concentrates on finding the optimal operating setting of centrifugal
blower using the optimization techniques of Taguchi based grey relational analysis
and different type of blade and percentage of opening of blower duct are streamlined
to achieve the best performance characteristics of blower for combustion process.
Taguchi configuration approach is utilized for test arranging during testing with
blower. The results are analyzed to achieve optimal performance parameters i.e.
velocity, input and output power and efficiency of blower. GRA examination was
performed to join the various responses into single numerical value, rank this value,
and choose the ideal blower working parameter settings. ANOVA is executed to
explore all the impacting parameters on the different exhibition attributes [3–5].

2 Experimental Methods

Experiments are conducted in centrifugal blower test rig with different blade and
setting conditions after finalizing design of experiments. They are explained in the
following section in detail.

2.1 Experimentation

The test unit, which is appeared in Fig. 1, comprises a centrifugal blower driven by
an AC motor through a stage pulley course of action to acquire three distinctive test
speeds. The motor is mounted on an adjustable bed and can be moved in and out,
to position the fan belt at the required pulley. At the blower outlet, a sluice valve is
used to control the discharge. An orifice device is fitted at outlet of the pipeline to
quantify the actual volume flow rate.

A lot of pitot tube and thermometer is given at the outlet to quantify the velocity of
air and temperature of air. U-tube manometers are given to gauge the pressure differ-
ence over the opening in the pitot tube and exit pressure. Three kinds of compatible
impellers-with outspread (Radial) vanes, in reverse bended vanes and forward bended
vanes are given the test apparatus to think about the impacts of various vane types.
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Fig. 1 Blower experimental
setup

Table 1 Input parameters
and their levels

Sl. No Run No. Type of blade % of Fresh air opening

1 1 F 25

2 2 F 50

3 3 F 75

4 4 F 100

5 5 B 25

6 6 B 50

7 7 B 75

8 8 B 100

9 9 R 25

10 10 R 50

11 11 R 75

12 12 R 100

Table 2 Experimental design (L12)

Factors Level 1 Level 2 Level 3 Level 4

Type of blade (B) F B R –

% of opening duct (O) 25 50 75 100

Taguchi’s trial configuration was utilized to and examines the impact of control-
lable factors on responses. The input controllable components which are measured
in this examination are a sort of blade, i.e., forward blade, backward blade, and radial
blade and level of the opening of the conduit. The various levels of these variables
are shown in Table 1. The full factorial clusters were chosen and appeared in Table
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Table 3 Experimental result (samples)

Type of blade Delivery valve
position open
%

Orifice manometer
reading (cm)

Delivery pressure
manometer reading

Energy
consumption t
(s)H3 H4 H1 H2

F 25 57.6 19.5 38.2 37.4 12

F 50 57.9 19.4 44 31.4 8.5

F 75 56.2 21.1 60 14.6 5.8

F 100 54.2 23.1 69 6 4.8

Table 4 Output parameters (samples)

Sl. No. Discharge
(m3/s)

Velocity (m/s) Input power
(kW)

Output power
(kW)

Blower
efficiency (%)

1 0.006 0.4 1.6 0.3 16

2 0.264 19.6 2.1 1 46.9

3 0.501 37.2 3.1 1.7 55.5

4 0.59 43.8 3.8 1.8 48

5 0.066 4.9 1.3 0.2 17.1

6 0.233 17.3 1.7 0.8 46.6

2. It was utilized on the grounds that it requires just twelve keeps running for blends
of two controllable components shifted at three levels and four levels individually.

The experiments were conducted in the centrifugal blower for the twelve runs as
per the procedure which is shown in Table 3. The experiments were conducted by the
following procedures. Close the delivery valve completely. Start the motor. Open the
valve slowly and for various stages of opening with Forward blade and readings were
noted. Next radial blade and backward blades were fitted and same procedures were
adopted to note remaining readings. From the experimentations output parameters
i.e. velocity of air, discharge, input and output power of the blower and finally blower
efficiency were calculated and tabulated in Table 4.

2.2 Optimization Method—Taguchi-Based Grey Relational
Analysis

In the point of acquiring output responses from the run, that is utilized to change over
a multi-objective problem into a single objective problem by Taguchi based GRA.
The accompanying advances are done to get the GRG. They are,
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2.2.1 Data Preprocessing

The primary step is to grouping and separating the responses based responses values
to be like nominal the better, smaller the better and larger the better. On the off
chance that the objective estimation of unique grouping is limitless, at that point it
has a normal for “the-bigger the-better” [6, 7]. Here the yield parameters i.e. blower
efficiency and output power ought to be bigger the better and the first succession can
be standardized as Eq. (1).

x∗
i (k) = x (o)

i (k) − min x (o)
i (k)

max x (o)
i (k) − min x (o)

i (k)
(1)

At the point when the smaller, the better is normal for the first grouping then the
first arrangement ought to be standardized as conditions (2) and input power to the
blower should be smaller [7].

x∗
i (k) = max x (o)

i (k) − x (o)
i (k)

max x (o)
i (k) − min x (o)

i (k)
(2)

In any case, for the velocity of air and volume flow rate of air from the blower is
to be clear target an incentive to be accomplished; at that point, the first succession
will be standardized as Eq. (3).

x∗
i (k) = 1 −

∣
∣
∣x (o)

i (k) − OB
∣
∣
∣

max{max x (o)
i (k) − OB, OB − min x (o)

i (k)} (3)

Or then again, the first succession can be basically standardized by the most
fundamental procedure, i.e., the values are estimated by dividing original sequence
with first value of the sequence.

xi ∗ (k) = x (o)
i (k)

x (o)
i (1)

(4)

where x (o)
i (k) is the original sequence, xi ∗ (k) the sequence after the data processing

maximum x (o)
i (k) the largest value of x (o)

o (k) andminimum x (o)
i (k) the smallest value

of x (o)
o (k). The normalization matrix has been found using the above relations and

that is Table 5.

2.2.2 Grey Relational Grade (GRG)

After information preprocessing is completed, a grey relational coefficient (GRC)
can be determined with the preprocessed successions. The GRC is characterized
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Table 5 Normalized matrix (samples)

Responses to be nominal Responses to be
smaller

Responses to be larger

Discharge Velocity Input power Output power Blower efficiency

1.000 0.822 0.898 0.031 0.000

0.122 0.017 0.661 0.500 0.739

0.684 0.721 0.265 0.950 0.945

0.986 0.999 0.000 1.000 0.766

as pursues and which has been shown in Table 6. Where �oi (k) is the deviation
sequence of the reference sequence xo∗(k) and the comparability sequence is derived
from Eqs. 5, 6 and 7 [8]. They are

�oi (k) = |(xo∗(k) − x∗
i (k))

∣
∣, (5)

�max = max max
∀ jεi ∀k

∣
∣(xo∗(k) − x∗

j (k))
∣
∣ (6)

�min = min min
∀ jεi ∀k

∣
∣(xo∗(k) − x j∗(k))

∣
∣ (7)

where, £=distinguish co-efficient £,e (0, 1) and grey relational grade shown inTable
6 is a weighting-sum of the grey relational coefficient. It is gotten from conditions 8
and 9. They are,

γ (xo∗, xi∗) =
n

∑

k=1

βkγ (xo∗(k), xi∗(k)),
n

∑

k=1

βk = 1 (8)

γ (xo∗(k), xi∗(k) = �min + ζ�max

�oi (k) + ζ�max
, 0 ≤ γ (xo∗(k), xi∗(k) ≤ 1 (9)

Here, GRG speaks to the degree of connection between the reference sequence
and the comparability sequence.

Table 6 Grey relational co-efficient (samples)

Discharge Velocity Input power Output power Blower efficiency

1.00 0.73 0.83 0.34 0.33

0.33 0.33 0.60 0.50 0.66

0.58 0.64 0.40 0.91 0.90

0.97 1.00 0.33 1.00 0.68
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Table 7 Grey relational grade and S/N ratio

Factors Level 1 Level 2 Level 3 Level 4

Type of blade −5.6989 −5.79058 −5.5587 –

% of opening of duct −6.65492 −7.04238 −4.4860 −4.54763

3 Results and Discussions

3.1 S/N Ratio

Noise level loss function is communicated in condition 10. It is,

Li j = (1/N )

n
∑

k=1

(Yi j k)
2 (10)

Loss function is moreover changed into S/N proportion to choose the deviation
of performance characteristics (PC) from the desired value [8–11]. The same is
communicated in condition 10. It is,

βi j = −10 log(Li j ) (11)

Utilizing the above relations, S/N proportion-based grey relational grade was
discovered utilizing the above relations and optimum conditions were resolved and
which is appeared in Table 6.

Table 7 clarifies that second level of blade and second level of opening gives
the optimum performance of the centrifugal blower for the combustion process. It
means that operating a blower at backward blade with 50% opening of duct gives
the optimum level values i.e. velocity, discharge of air to the combustion process and
higher output for lower input power. So it leads to operate a blower in the maximum
efficiency.

3.2 Analysis of Variance (ANOVA)

The reason for doing ANOVA is, to analyze the parameters, which essentially influ-
ence the PC [12–15]. Hence, Values of ANOVA demonstrates that kind of type
of blade plays the most critical parameter for execution of required output from
the blower when it is utilized to improve the blower execution qualities for the
combustion process.
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3.3 GRG Validation

After finding the optimal level from the various variables, the last advance is to
foresee the PC with optimal setting factors [16–18].

γ = λm +
y

∑

i=1

(γi − γm) (12)

In light of the above condition [19, 20] the GRG utilizing the optimal setting
parameters would then be able to be acquired. At starting conditions the GRG was
0.484 for B1O2 and after the enhancement anticipated condition is B2O2 (Backward
blade and half opening of the conduit) and GRG for the equivalent is 0.586. Thus
improved GRG value is 0.12.

4 Conclusions

S/N proportion-based GRG got from the GRA is utilized to enhance the perfor-
mance of centrifugal blower for the complete combustion process. The experimental
trial demonstrates that the type of blade has the most noteworthy impact on the
performance of the blower. The aftereffect of the affirmation test result yielded an
enhancement of 0.12 in GRG after validation. Thus, the combination of GRA and
Taguchi Method can be used to streamline the process parameters and it assists to
improve the effective burning.
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Optimization of Process Parameters
in Disc Plate Using Thermo-structural
Analysis

N. Nandakumar, T. Allwin Raja, and P. Arunkumar

Abstract The objectives of the present paper are to perform coupled field steady-
state thermal analysis and static structural analysis by using ANSYS Workbench to
evaluate the temperature distribution, total deformation and von Mises stress in the
disc plate. Thickness of disc plate, diameter of hole and selection of material are
selected as process parameters which affect the thermal and structural behaviour of
disc plate. The fuzzy logic modelling is developed to model the output parameters
such as temperature distribution, total deformation and von Mises stress in the disc
plate. The rule-based fuzzy logic modelling is used in the present investigation. It is
resulted that there is an error percentage of 0.2, 0.51 and 0.15 between fuzzy and FEA
results such as temperature, total deformation and vonMises stress, respectively. It is
ensured that the fuzzy logic modelling can be used for output responses in designing
disc plate due to lesser error percentage. The optimization of process parameters such
as thickness of disc plate, diameter of hole and selection of material is carried out
using Taguchi analysis. It is obtained from the optimization results that thickness of
disc plate (3 mm), diameter of hole (5 mm) and selection of material (grey cast iron)
are the optimized process parameters which provide the minimum value of output
responses such as temperature, total deformation and von Mises stress.

Keywords Disc plate · Thermal analysis · Structural analysis · Fuzzy logic
modelling · Taguchi method

1 Introduction

A disc brake is a device, used to retard the motion or stop the automobile by using
artificial frictional resistance, and it is widely used in light motor vehicles. The
optimization of influencing process parameters in disc brake is vital in the field of
automobile, to improve the structural and thermal performance of the disc brake.
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There has been a great deal of research on analysis of disc plate, and a large body
of the literature on brake disc plate modelling has been published. Lakshmi et al. [1]
deal with the analysis of disc rotor of a Bajaj Pulsar 150 DTSi bike.

The results such as von mises stress, elastic strain, total deformation obtained
from the static structural analysis of disc plate shows that grey cast iron gives better
results when compared to aluminium alloy. The thermal analysis is also carried out
in the disc plate to validate the appropriate material [2–9]. Khalanisohil et al. [10]
modelled the brake with aluminium and grey iron materials and analysis for normal
force, shear force and piston force. Vishal et al. [11] investigated on the single plate
clutch to evaluate the stresses and forces using computer modelling and numerical
method. Nishant et al. [12] have studied frictional plate of multi-plate clutch for cork
and kevlar materials as friction lining and compared the von Mises stress. In recent
times, fuzzy logic technique is one of the emerging technologies in artificial intel-
ligence. Rajamani et al. [13] predicted the dimensional accuracy of polymer parts
fabricated by selective inhibition sintering (SIS) process, using fuzzy logic technique.
Latha and Senthilkumar [14] have done fuzzy rule-based modelling to predict the
surface roughness in drilling process of fibre-reinforced composite materials. Peng
et al. [15] have developed fuzzy inference system to model the dimensional error,
warp deformation and built time in fused deposition modelling process. Taguchi’s
optimization technique is a distinctive and powerful optimization discipline that
permits optimization with minimum variety of experiments. Athreya and Venkatesh
[16] illustrate the procedure adopted in using Taguchi method to a lathe-facing oper-
ation. Liang et al. [17] performed optimization of process parameters to maximize
the swimming speed of robotic fish using Taguchi method. Pundir et al. [18] utilized
Taguchi method to optimize the process parameters for the maximization of copper
and nickel removal in batch reactor.Arunkumar andBalasubramanian [19] developed
theoreticalmodel from thermo-structural analysis and performedTaguchimethod for
minimizing structural and thermal damage in polymer part during selective inhibi-
tion sintering process. Further, analysis of variance (ANOVA) is also performed to
identify the influence of each parameter affecting biosorption.

In this present investigation, the coupled field steady-state thermal analysis and
static structural analysis are performed by using ANSYSWorkbench to evaluate the
temperature distribution, total deformation and vonMises stress in the disc plate. The
fuzzy logic modelling is developed to model the output parameters such as temper-
ature distribution, total deformation and von Mises stress in the disc plate. Further,
the optimization of process parameters such as thickness of disc plate, diameter of
hole and selection of material is carried out using Taguchi analysis.

2 Thermo-structural Analysis

The steady-state thermal analysis and static structural analysis are coupled by using
ANSYS Workbench to evaluate the temperature distribution, total deformation and
von Mises stress in the disc rotor of a Bajaj Pulsar 150 DTSi bike. The process
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Table 1 Process parameters
and its levels

Process
parameters

Level 1 Level 2 Level 3

Thickness
(mm)

2 3 4

Diameter of
hole (mm)

5 10 15

Selection of
material

Al alloy (1) Grey cast iron
(2)

Structural steel
(3)

Table 2 Experimental design S. No. Thickness (mm) Diameter of hole
(mm)

Selection of
material

1 2 5 1

2 2 10 2

3 2 15 3

4 3 5 2

5 3 10 3

6 3 15 1

7 4 5 3

8 4 10 1

9 4 15 2

parameters such as thickness of disc plate, diameter of hole and selection of material
are considered in the present investigation which is mentioned in Table 1.

Three process parameters and three levels are taken in the present study.L9 andL27

orthogonal arrays are recommended for this condition. Tominimize the experimental
cost, L9 orthogonal array is developed using design of experiments as shown in Table
2.

The steady-state thermal analysis is performed to evaluate the temperature distri-
bution of disc plate. Thermal boundary condition such as heat flux of 38,000 W/m2

and convection coefficient of 230W/m2°C are applied which is shown in Fig. 1a. The
steady-state thermal analysis is coupled with static structural analysis to evaluate the
total deformation and von Mises stress of disc plate. The inner wall of disc plate is
fixed, and the results of thermal analysis are imported into structural analysis which
is shown in Fig. 1b.

3 Fuzzy Logic Modelling

Fuzzy logic modelling technique is one of the artificial intelligences developed by
Zadeh. It works under IF-THEN rules usingMamdani-based technique. It comprises
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Fig. 1 Thermal and
structural boundary
conditions at disc plate

(a) Thermal

(b) Structural

three modules such as fuzzification module, inference module and defuzzification
module which can be seen in Fig. 2.

In this present study, layer thickness of disc plate, diameter of hole and selection of
material are input process parameters. Thermal and structural characteristics such as
temperature distribution, total deformation and vonMises stress are output responses.

Fig. 2 Rule-based fuzzy logic modelling



Optimization of Process Parameters in Disc Plate … 169

(a) Thickness of disc (b) Temperature

Fig. 3 Membership function for thickness of disc and temperature

Triangular-basedmembership function is adopted for both input and output variables
to achieve the accurate results. Three and nine fuzzy sets are assigned for input and
output variables, respectively, which can be seen in Fig. 3a, b.

4 Optimization Using Taguchi Method

The Taguchi method is a useful and powerful tool to optimize through statistical
relationship between input process parameters and output responses. In this study,
signal-to-noise ratio is performed in the optimization process to achieve the following
condition: to minimize the temperature distribution, to minimize the von Mises
stress and to minimize the total deformation. Further, main effect plot of SN ratio
is used to provide the significance of each parameter on the thermal and structural
characteristics of the brake disc plate.

5 Results and Discussion

5.1 Coupled Field Thermal and Structural Analysis

The coupled field thermal and structural analysis is performed and evaluated temper-
ature distribution, total deformation and von Mises stress at various parameter
conditions which is mentioned in Table 3.

5.2 Fuzzy Logic Modelling

Figure 4 depicts the fuzzy rule viewer of temperature distribution, total deformation
and von Mises stress for L9 experiments corresponding to input process parameters.
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Table 3 Thermal and structural results

S. no. Thickness
(mm)

Diameter of
hole (mm)

Selection of
material

Temperature
(°C)

Total
deformation
(mm)

von Mises
stress (MPa)

1 2 5 1 57.660 0.0468 59.199

2 2 10 2 73.870 0.0234 48.476

3 2 15 3 77.650 0.0280 101.300

4 3 5 2 63.810 0.0220 36.214

5 3 10 3 63.670 0.0247 77.461

6 3 15 1 58.732 0.0489 70.639

7 4 5 3 58.010 0.0232 83.760

8 4 10 1 53.075 0.0442 72.138

9 4 15 2 65.368 0.0232 47.852

Fig. 4 Fuzzy logic performance of nine experiments

The experimental results are compared with the results obtained from fuzzy logic
technique. It is identified that average error between experiment and fuzzy results is
as follows: 0.31% for temperature, −0.51% for total deformation and −0.15% for
von Mises stress which can be observed from Fig. 5a–c.
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Fig. 5 Comparison of temperature, total deformation and von Mises stress between fuzzy and
ANSYS results

5.3 Taguchi’s Optimization Method

The optimization is carried out using Taguchi method to minimize the temperature
distribution, total deformation and von Mises stress. Figure 6 shows response table
for signal-to-noise ratio. It is evident that selection of material is most significant
factor in the disc plate. Figure 7 shows the main effect plot for signal-to-noise ratio.
The optimized process parameters such as thickness of disc plate (3 mm), diameter
of hole (5 mm) and selection of material (grey cast iron) are shown in Table 4.

Fig. 6 Response table for
signal-to-noise ratio
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Fig. 7 Main effect plot for
signal-to-noise ratio

Table 4 Optimized process
parameters

Process parameters Level

Thickness (mm) 3

Diameter of hole (mm) 5

Material type Grey cast iron

6 Conclusions

The present paper deals with the analysis of disc rotor of a Bajaj Pulsar 150 DTSi
bike. The steady-state thermal analysis and static structural analysis are coupled by
using ANSYSWorkbench to evaluate the temperature distribution, total deformation
and vonMises stress. Three process parameters and three levels are taken, and hence,
L9 orthogonal array is developed using design of experiments. Further, fuzzy logic
modelling is developed to model the output parameters. It is resulted that there
is an error percentage of 0.2, 0.51 and 0.15 between fuzzy and FEA results such
as temperature, total deformation and von Mises stress, respectively. It is ensured
that the fuzzy logic modelling can be used for output responses in designing disc
plate due to lesser error percentage. The optimization of process parameters such
as thickness of disc plate, diameter of hole and selection of material is carried out
using Taguchi method. Lower the better SN ratio is opted to minimize the output
responses such as temperature, total deformation and von Mises stress. It is obtained
from the optimization results that thickness of disc plate (3 mm), diameter of hole
(5mm) and selection ofmaterial (grey cast iron) are the optimized process parameters
which provide the minimum value of output responses such as temperature, total
deformation and von Mises stress.
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Implementing Biomimicric Owl Wing
Pattern for Noise Reduction in Turbine
Blade

B. Premkumar and N. Nandakumar

Abstract The objective of this project is to reduce the noise level which is coming
out from the turbine blade in jet engine by implementing owl wing pattern. During
the take-off and landing, the noises coming out from the jet engines cause noise
pollution. It also provides the irritating to nearby houses, colleges, and schools.
During testing of jet engines, the noises from the jet engines cause irritation to
technical staff, workers, and it may cause damages to their ears. Model the turbine
blade by implementing the owl wing pattern and testing the noise level by modal,
harmonic response, and harmonic acoustics analysis. This analysis gives the results
in the form of sound pressure level (SPL) in dB. This experiment is modelled by
the Catia V5R17. This analysis is done by Ansys 18.2. The comparison was made
between the normal turbine blade and owl wing pattern turbine blade and the results
are obtained from harmonic acoustics analysis. The SPL values are obtained from
the normal turbine blade 143 dB which is greater than the owl wing pattern turbine
blade 138 dB. Based on the SPL analysis, the serrated owl wing turbine blade is the
best suitable design to reduce the noise which is coming out from the turbine blade.

Keywords Biomimicry · Owl wing pattern · Noise reduction · Turbine blade ·
Sound pressure level

1 Introduction

A turbine blade is the individual component which is used in turbine section of a
gas turbine and aircraft engine. The blades are used for getting energy from the
high temperature, high pressure gas produced by the combusto [1]. Aircraft turbines
emit noise. The noise is generated by the movement of the blades through the air.
This produces a swishing sound in rate with the rotation of the blades, as well as
noise from the turbine machinery. Machine noise can have a tonal character which
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is particularly annoying. Some of the ways to reduce the noise are changing the
materials like acoustic absorbing material, designing blades using aerofoil shape
like NACA 64-418 aerofoil. It reduces the noise range up to 115 dB. Introducing the
porous surface at the trailing edges.

It reduces the noise range up to 112 dB. Finally, implementing the biomimicry
pattern to the turbine blades is discussed in this paper. Objective of this project is
to reduce the noise which is coming out from the turbine blade during the dynamic
motion of the turbine by implementing the owl wing pattern at the edge of the turbine
blade and reduce the material usage for manufacturing the turbine blade.

This present work consists of following methodology which starts from selection
of materials, modelling dimensions and modelling of normal turbine blade to the
modal, harmonic response and harmonic acoustics of the owl wing pattern turbine
blade and compare the results of both analyses. Some of the information which
was studied from related papers is Nedunchezian et al. [2] stated that the interplay
between the wing motion, resulting unsteady aerodynamics, and aeroacoustics of a
flapping wing flyer is investigated. The wingmotion is varied in terms of the flapping
amplitude, pitching amplitude, and the phase difference between flap and pitch. Two
main sound generation mechanisms are found. The flapping motion induces the
highest sound pressure level (SPL) in the stroke plane. Barone [3]Aerodynamic noise
from wind turbine rotors leads to constraints in both rotor design and turbine siting.
The primary source of aerodynamic noise on wind turbine rotors is the interaction
of turbulent boundary layers on the blades with the blade trailing edges. Jianu et al.
[4] studied that the global push toward sustainability has led to increased interest in
alternative power sources other than coal and fossil fuels. One of these sustainable
sources is to harness energy from the wind through wind turbines. Radun et al. [5]
studied that wind turbine noise (WTN) increases the risk of WTN annoyance and
self-reported sleep disturbance, which in turn can influence people’s well-being.

2 Materials and Methods

2.1 Design Modification of Turbine Blade

In this section, the modelling of the normal aircraft jet engine turbine blade is
modelled by using CATIA V5R17. It can be designed by using part design and
wire frame design in Catia. Draw external profile in part design and revolve it. Draw
the required profile on surface on the plane. Select any perpendicular plane and
draw external profile of blade. Now, enter in wireframe. Use sweep command to
extrude sweep-along pulling direction. Select law select linear and give required
angle and surface design. Use extrude in given direction. Finally, the required 3D jet
engine turbine blade models were obtained. In this analysis, three stage turbine was
modelled. The normal turbine blade has not serrated edges at the end of blade; in
case of modified turbine, blade contains serrated edges at the end of blade [6–10].
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2.1.1 Turbine Blade Model

The model of normal turbine blade is shown in Fig. 1 and the model of owl wing
pattern turbine blade which contains serrated edges at the end is shown in Fig. 2.
Both models were designed by using the Catia V5R17.

Fig. 1 Model of normal
turbine blade

Fig. 2 Model of owl wing
pattern turbine blade
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2.1.2 Sound Pressure Level Analysis

TheCATIAV5R17modelled turbine bladeswere analyzedbyusingmodal, harmonic
response, harmonic acoustic analysis in ANSYS 18.2. The sound pressure analysis
(SPL) is used to find the noise level which is coming out from the turbine blade.
This analysis is carried out by finding the natural frequency of the turbine blade
in the modal analysis. The solution from the modal analysis is connected to the
setup file of the harmonic response of the ANSYS 18.2. The harmonic response of
the turbine blade is performed by applying the input rotating force to the turbine
blade. It gives the frequency versus amplitude with phase angle graph. Finally, this
solution is connected to the harmonic acoustic analysis to find the SPL IN decibel
by applying input load to the turbine by converting the harmonic frequency to the
imported velocity to the turbine blade. To solve the harmonic acoustic solution to
find the SPL of the corresponding turbine.

2.2 Statement of the Problem

• During the take-off and landing, the noises coming out from the jet engines causes
noise pollution. It also provides irritating to nearby houses, offices, colleges,
schools, etc.

• During testing of jet engine, the noise from the jet engines causes irritation to
workers and it may cause damages to their ears.

3 Results and Discussions

3.1 Modal Analysis

In this model analysis, the natural frequency of different types of the turbine blades
is shown. The natural frequency obtained from the turbine models was used in the
harmonic analysis (Figs. 3 and 4).

3.2 Harmonic Response Analysis

In this harmonic analysis, the actual frequency and normalized frequency at different
phase angle of the different types of the turbine blades are shown (Figs. 5 and 6).
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Fig. 3 Modal analysis of the normal turbine blade

Fig. 4 Modal analysis of the owl wing pattern turbine blade

3.3 Harmonic Acoustic Analysis

In this harmonic acoustic analysis, the sound pressure level (dB) at different phase
angle of the different types of the turbine blades is shown (Figs. 7 and 8).

Table 1 shows the harmonic and sound pressure level analysis of the both the
models. The highest amplitude for the corresponding frequency of normal turbine
blade at 250 Hz is 2.052e−16. Similarly, the highest amplitude for the corresponding
frequency of owlwing pattern turbine blade at 250Hz is 2.0e−19. The sound pressure
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Fig. 5 Harmonic response analysis of the normal turbine blade

Fig. 6 Harmonic response analysis of the owl wing pattern turbine blade

level of the normal turbine blade is 143 dB. The sound pressure level of the owl wing
pattern turbine blade is 138 dB. From this result, it should be absorbed that the noise
level is reduced when implementing the owl wing pattern at the edge of the turbine
blade.
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Fig. 7 Harmonic response analysis of the normal turbine blade

Fig. 8 Harmonic acoustic analysis of the owl wing pattern turbine blade

Table 1 Harmonic and sound
pressure level analysis of both
the turbine blade models

Parameters Values

Harmonic frequency of
models

For normal blade, A= 2.052e−16
For owl pattern blade, A =
2.0e−19

Sound pressure level of
models

For normal blade, SPL = 143 dB
For owl pattern blade, SPL =
138 dB
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4 Conclusions

The present work of investigating the noise reduction of the turbine blade for the
commercial aircraft by implementing the owl wing serrated pattern at the edge of
the turbine blade has been successfully reduce the noise level up to 5–7 dB of the
turbine during the rotation. So this analysis concluded that, by implementing the owl
wing pattern at the edge of the turbine blade reduces the noise pollution. During
the take-off, landing, and testing of aircraft engine, the noise coming out from the
turbine should be reduced to certain level and gives comfort level for the engineering
in testing of aircraft engine. In the future work, the noise reduction of the turbine
blade can be analyzed by changing the shape of the serrated edges at the end.
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Modal Analysis of Profile Deck Sheets
in Composite Structural System

V. Preetha, V. Senthilkumar, S. Govindhan, D. Vishnu, and K. RanjithSelvan

Abstract Composite construction occupies a vital part in construction industry due
to rapid completionof the projects. In composite systems, floor decking sheets involve
a drastic study for effective replacement of conventional slab system. The composite
floor deck system consists of profile deck sheet at the bottom above which minimum
reinforcement is provided to take care of shrinkage stresses. The deck sheet acts as
a temporary shuttering during concreting. The present work aims to investigate the
vibration characteristics of profile deck sheet under various profile shapes employed
for composite slab system. Modal analysis is a one of the technique adopted in
which vibration studies can be determined for various profile shapes by involving
parameters such as mode shape, natural frequency, plate stresses, and deformation
by using finite element analysis. Based on the profile shapes the stiffness of the sheet
varies with frequency.

Keywords Profile deck sheet ·Modal analysis · Vibration studies · Natural
frequency ·Mode shape

1 Introduction

The enriched intention today imposed on building construction is efficient utilization
of time and structural competency of structures. Steel–concrete composite elements
are one such to satisfy these demands by integrating several developments of research
in the field of composite construction. A composite slab, in which concrete is casted
on top of the profiled deck sheets with the stud connection, functioning to tie the slab
and beam together as a unit. The composite interaction of concrete with steel deck
sheets having embossments in deck sheet to improve their shear bond characteristics.
Provisions of deck sheets play a major role in composite construction. The investiga-
tion on elementary behavior of vibration characteristics on profile steel deck sheets
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was determined by modal analysis method. The provision of profiled steel sheeting
speeds up construction methodology. It is also often used with lightweight concrete
to reduce the dead load due to floor construction. The profile deck sheet varies in
shapes so that it imbibesmore resistance. In this paper, the research is mainly focused
on modal analysis on different profile deck sheets to analyze the frequency and the
modal behavior under stipulated loading conditions. The shape involves flat plate as
deck sheet, trapezoidal profile, and rectangular profile with variation in height of the
profile. Besides the well-known analytical method, such as Fourier spectral element
method, is preferred for the dynamic analysis of plate structures [1].Many researchers
have studied the modal analysis in different perspective of plates are summarized
here. The plates with cracks are also been studied to determine the natural frequency
and mode shape. Based on the presence of cracks in plates, the natural frequency
will decrease with increase in peak amplitude [2]. The plates with stiffeners are also
been analyzed under dynamic nature, wherein the strength and stiffness of the plate
is increased by adding stiffeners. The addition of stiffeners prevents buckling of plate
structures, thereby increasing the frequency [3, 4].

2 Literature Review

Li et al. [1] proposed the modal analysis with rectangular plates using the Fourier
spectral element method. The compatibility conditions for the plates are assessed for
two adjacent plates by 3D elastic couplers under translational and rotational stiffness.
They involved the plates restrained along all the edges as simply supported condition.
The accelerated Fourier series expansion formulations are performed to determine
the flexural displacement fields on each plate. The expansion coefficients are assessed
using various techniques. The results of finite element analysis were validated along
with experimental data for box structures for different boundary conditions.

Al-Maliky [2] proposed the modal analysis to detect the cracks in stainless steel
plates. By using ANSYS 18.2 program workbench, the free vibration studies on
modal analysis on plate with central crack were done using finite element analysis.
The square plates were meshed to form elements and nodes. The cracked percentage
of length along with the square plates is from 10 to 40%. All the four cases of cracked
plates were analyzed by using different boundary conditions. Based on crack length
alongwith themodes, natural frequency, and plates. The parameters involving natural
frequency as a function of crack’s length were estimated for three modes. Finally,
by their study of different techniques in the dynamic response of structures which
provides a appropriate method to investigate the plates and also helps to predict the
cracks of stainless steel plates.

Kumar and Arakerimath [3] studied about the dynamic nature of plates and
predicted the various modes of vibrations. The plates with high strength-to-weight
ratio used in structural applications are subjected to dynamic load often over its life
span. The strength of the plate structures is increased usually by providing stiffeners
in suitable position of plates. The bases of structures are formed by the analysis
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of rectangular stiffened plates. Nastran and Hyper mesh is used to perform finite
element analysis. Here, the modal analysis of a rectangular stiffened plate is done
with the aspect ratio of 2.

Sonawane et al. [5] proposed the study on modal analysis for to evaluate the
characteristics of vibration of structures with its components usingmajor techniques.
The parameters taken for the study include mode shapes, damping factor, and natural
frequencies of structure. Comparison of the natural frequency mathematically, FEA,
and experimentally was done. In this study, single rectangular cantilever beam was
analyzed for modal analysis and compared the results by finite element analysis
with experimental results. The rectangular cantilever plate of aluminum as material
property proposed for the investigation was designed and analyzed by using ANSYS
Workbench. A correlation study between the FEA,mathematical (Euler’s Bernoulli’s
beam theory) and experimental data were observed. The results help in predicting
the failure loads for different end conditions.

Ikechukwu et al. [4] proposed the modal analysis for the components under vibra-
tion excitation to evaluate the mode shapes. The results generated were compared
with a number of resonances where the damping effect and frequencywere predicted.
The study on flat plate mounted with electromagnetic shaker enables the vibration
studies on the plate, and the results of the responses were measured by using a
transducer. By using CATIA software, the plate was modelled and analyzed using
various FEA solvers, particularly the optimized results obtained by ANSYS 5 degree
of freedom.

Zhong et al. [6] proposed the analysis for vibration of foundation plate with
four discontinuous edges using finite cosine integral transform method. The Kirch-
hoff classical theory is used for rectangular plate. The foundation is modelled
using Winkler elastic foundation. The frequencies and the modes of vibration were
calculated by the integral transform method.

Subba Rao et al. [7] proposed the study on modal analysis of plates with cut
outs. The investigation is to predict the natural frequency for the rectangular plate
with different aspect ratios. The analysis involves rectangular plates with circular-
and rectangular-type cutouts with simply supported end conditions. The changes in
location of cut outs on the plates along its major axis line are varied.

Ramu and Mohanty [8] studied the analysis for functionally graded plates using
finite element method. The modal analysis is to determine the parameters such as
frequency and mode shapes. Based on the structure and composition of the material
over its volume, corresponding changes are differentiated in thematerial constituents.
The material composition is assumed to vary accordingly throughout its thickness.

Bhusnar and Sarawade [9] studied the behavior of rectangular plate with lap
joints. The study is to analyze the dynamic behavior of elementary connections with
rectangular plate involving bolted lap joint, welded lap joint, and single lap epoxy
adhesive joint subjected to impact or shock loads. The factors that affect the response
of joints were studied that include natural frequencies, mode shapes, and damping
ratio. From this work, the effective bonding of joints was identified.

Khan and Awari [10] proposed the analysis for fixed plate condition. The analyt-
ical solutions are predicted in terms ofmass and stiffnessmodifications for each plate.
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The concept of uncertainty in plate structures is well addressed in this research study.
By adding the uncertain mass, different dynamic characteristics of plate with same
boundary conditions are used. Irregularity in mass to the bare plate not only shift
its frequencies but it also affects the mode shapes of plate. Addition of the uncer-
tain stiffness changes the dynamic characteristic of plate with the same boundary
condition.

Kumar et al. [11] proposed the vibration analysis on cantilever plate using finite
element analysis. The optimization functions are proposed to determine vibrations
induced in beams and plates to get optimize results under transient response of
dynamic characteristics. A cantilever flat plate has modeled to analyze for natural
frequencies and mode shapes. It has found that it depends on the mode number the
distribution of modal strain energy intensity varies.

Avitabile [12] proposed the experimentalmodal analysis of structureswith various
concepts of vibration and the tools to solve structural dynamic problems. The study
involves identification of structures under vibration in a non-mathematical perspec-
tive. The simple explanations were described for structural vibration and the tools
for the solution of structural dynamic problems. This was all achieved by detailed
mathematical relationships.

Klimenda and Soukup [13] proposed the modal analysis of thin aluminum plate to
evaluate the natural frequencies andmode shapes of thin plate. Themodal analyses of
thin aluminum (Al 99.9) isotropic plate with dimensions 0.10× 0.10× 0.002mwere
adopted for the study. The modal analysis was performed to predict the eigenvalues
and the numerical solution of a thin isotropic plate was obtained. The solution was
performed in the ANSYS program.

3 Materials and Methods

3.1 Profile Deck Sheet

The profile deck sheet is generally having the profile thickness which varies with 0.8–
1.5 mm with galvanized coating. The profile heights are usually ranges from 38 to
75mmwith the corrugations in between the profilewith pitch of 150mmand350mm,
respectively. The standard profile shapes available in the market include dovetail and
trapezoidal profile with Web indentations. The common profile shapes as shown in
figure: case II and case III compromise to enhance the bond between the interface
by providing stability during concreting and other construction loads. Embossments
on the rib of the deck sheet mobilize the bearing resistance with adhesion property
to provide the shear transfer in composite slabs.
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3.2 Finite Element Analysis

The finite elementmethod is proposed to obtain solutions of boundary value problem.
The boundary value problem is proposed with dependent variables to satisfy a differ-
ential equation within a domain of independent variables and to satisfy boundary
conditions in that domain. The modal analysis of rectangular plate with different
profile geometry is modeled using finite element method in ANSYS 19.2 software.
The finite element formulations are arrived to determine the equation of motion by
Hamilton’s principle [8]. The equations for bending stiffness of plate in rectangular
Cartesian coordinates are shown.

D

(
∂4w

∂x4
+ 2

∂4w

∂x2∂y2
+ ∂4w

∂y4

)
= −q(x, y, t) − 2ρh

∂2w

∂t2
.

For a uniform plate of thickness,

D := 2h3E

3(1− ν2)
.

where D—Flexural rigidity

w—Plate deflection.
The plan dimension of the profile deck is 1.0 m × 0.9 m with plate thickness of

1mm, respectively. The present study involves followingmaterial idealization of steel
plate with profiles of variable height. The element chosen to study is SOLID185 for
3D modeling of solid plate structures. The assignment includes eight-noded element
having three degrees of freedom at each node. It also has mixed formulation capa-
bility for simulating deformations of nearly incompressible elastoplastic materials,
and fully incompressible hyper elastic materials. The forms of profile deck sheet
considered for the modal analysis involve

Case I: Flat plate of 1 mm thickness

Case II: Trapezoidal deck sheet

Case III: Rectangular deck sheet.
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Case I: Flat plate of 1mm thickness                  Case II: Trapezoidal deck sheet 

Case III: Rectangular deck sheet       

3.3 Modal Analysis

The dynamic response of composite deck slab system through modal analysis is to
determine the frequency and vibration modes for three different models. The finite
element results obtained through an extensive parametric study were analyzed based
on its sheet profile. The results obtained for each model is as shown in Figs. 1, 2
and 3 to identify the most suitable deck sheet. The natural frequency variations for
various profile shapes with mode numbers are tabulated as in Table 1.

4 Results and Discussion

The modal analysis is performed for three different cases for profile deck sheet in
composite slab system to determine the frequency and mode shape for different
profile plate system for ten modes. The shapes of the modes are depicted in Figs. 1,
2 and 3 with different simulation profiles. The frequency variation slightly varies for
flat plates. The frequency is high for trapezoidal plates (case II) when compared to
other profile shapes. The frequency gradually increases with increase in stiffness of
the plate based on its profile dimension. Figure 4 shows the variation of frequency
for all cases with mode numbers.



Modal Analysis of Profile Deck Sheets in Composite Structural … 189

a 1st mode b 2 nd mode  c 3rd mode 

    d  4th mode  e 5th mode 

f  6 th mode  g 7 th mode h 8th mode 

Fig. 1 Mode shape of flat plate deck sheet

5 Conclusion

In this work, the dynamic characteristics of fixed supported deck sheets are been
analyzed by ANSYS 19.2. To judge the reliability of profile deck sheets in composite
slabs, a comparison between various shapes has beenmade based on natural frequen-
cies and mode shape. The variations of frequency are relatively small for rectangular
and trapezoidal profile whereas the flat plate stiffness is low when compared to other
cases. The variation of ten mode shapes with its frequency values varied a lot for flat
plate and other profile plates due to increase in stiffness of plate. The deformed shape
of various profile deck at specific frequency shows the mode of vibration character-
istic of deck sheet. The main influence of deck sheet is characterized by vibration
mode shape. The vibration mode shape reflects the failure pattern and delamination
behavior of deck sheet with composite slab arrangement.
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(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j)

Fig. 2 a–j Mode shape of rectangular deck sheet

(a) (b) (c) (d)

(e) (f) (g) (h)

Fig. 3 a–h Mode shape of trapezoidal deck sheet
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Table 1 Frequency variation
based on deck sheet profile

Mode numbers Frequency in Hz

Case I Case II Case III

1 0.209 15.655 12.195

2 0.988 17.124 12.630

3 1.309 25.799 17.414

4 3.183 47.390 27.111

5 3.679 76.779 40.759

6 6.007 85.220 41.117

7 6.825 89.672 41.172

8 7.379 95.791 57.899

9 9.019 116.92 86.757

10 9.766 132.77 87.133

Fig. 4 Variation of frequency with mode numbers
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Experimental Investigation of Exhaust
Emission Reduction in a CI Engine
by Using Titanium Dioxide
Nanoparticle-Blended Methyl-Esterified
Neem Oil Biodiesel
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and S. Dhanesh

Abstract This experimental work is attempted to analyze the effect of titanium
dioxide (TiO2) blended into neem oil-based biodiesel mixture, and tested in CI
engine. The experiment focuses on emission reduction along with performance
enhancement of CI engine when powered with a bio fuel mixture into which a
nanoparticle is blended in. Nanparticle TiO2, is mixed into the neem oil biodiesel
(B20) in two quantities: one is 200 ppm and other is 400 ppm. The test fuels used are
neat diesel, B20, B20+ 200 ppm TiO2, B20+ 400 ppm TiO2. The test fuel has gone
through high speed blending and stabilized using ultrasonic bath stabilization. The
major result expected from this experimental study was emission reduction partic-
ularly of CO, HC and it is found to be less. Obviously, due to use of biodiesel, the
NOx emission is on the higher side compared to neat diesel fuel and addition of TiO2

has reduced NOx emission.

Keywords Diesel engine · Neem biodiesel · Brake thermal efficiency · Titanium
dioxide

1 Introduction

As seen everywhere, major application of compression ignition engine is in heavy
vehicles used for transportation. The reason for this is that diesel has greater calorific
value; hence, it gives increased performancewhen compared to spark ignition engine.
Nowadays, fossil fuel depletion news is very common and in and around for few
years, so the search for alternate fuels are inevitable and happening briskly. Though
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electric vehicles are considered as the major alternative for IC engine, studies and
experiments are happening in the area of biodiesel too. The reason for experimenting
with biodiesel is that we do not have to change the IC engine working technology
that much and recently most common experimenting technique followed is blending
diesel and vegetable derived bio oils, they together forms a biodiesel. By doing so,
many experiments have shoed up with many results majorly all demanding perfor-
mance enhancement, but interestingly very few suggested emission reduction from
these engines as it was commonly seen in all vegetable oil mixed biodiesel blends
increase inNOx emission. This experimentation is trying to prove alongwithNOx and
other emission values can be brought down drastically. Dorado et al. [1] reduced CO
and NOx values significantly by directly injection olive oil biodiesel when compared
to neat diesel fuel. Narayanareddy and Ramesh [2] used jatropha fuel and by varying
injection pressure and various other parameters achieved good performance results.
Lakshminarayana Rao et al. [3] got emission reduction in CO, HC and a slight
increase in NOx emission while they were experimenting with rice bran oil-blended
biodiesel test fuel and their test too suggested good performance improvement of IC
engine. Banapurmath and Tewari [4] created a test engine rig where piston wall was
coated with thermal barrier and they used honge oil along with its methyl-esterified
version; interestingly, they put forward that methyl esterified honge oil fuel gave out
less emissions when compared to honge oil blended biodiesel fuel. Hazer [5] studied
performance and emission characteristics of a diesel engine coated with ceramic and
used canola methyl-esterified blends as fuel. They came up with the result of about
8% reduction in specific fuel consumption along with power output increase, looking
at emission side, the CO and smoke emission values were low but NOx values were
high which was common for vegetable derived oil-blended biodiesel. Prabakar and
Rajan [6] did their experimentation using methyl-esterified pongmia fuel in titanium
dioxide-coated piston cylinder IC engine arrangement and their result was decreased
values for CO, CO2 and HC, but increase in NOx emissions. Arulmozhiselvan et al.
[7] added cerium oxide nanoparticle into biodiesel–ethanol blend and compared the
performance with neat diesel. They showed with result that the ignition delay can be
overcome by addition of cerium oxide Nano particle and high ignition pressure was
achieved by addition of ethanol along with few emission reduction values. The motto
of this experiment is emission reduction by using titanium dioxide nanoparticle in
CI engine.

2 Materials and Methods

2.1 Preparation of Biodiesel (Neem Oil Methyl Ester:
NOME)

Methyl esterified neem oil is produced through trans-esterification process where the
neem oil is made to react with methyl alcohol in the presence of catalyst NaOH. The
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Table 1 Property
comparison of various oils

Properties Diesel Neem oil Neem oil methyl
ester

Specific gravity 0.830 0.960 0.870

Kinematic viscosity
(cSt)

3.8 34 4.1

Flash point (°C) 61 158 98

Fire point (°C) 65 167 106

Calorific value
(MJ/Kg)

42,500 40,500 390,000

Cetane number 48 36 53

process gives glycerol and fatty acid as output. The quantity of methyl alcohol taken
is 20 ml and 8 mg of sodium hydroxide and they react to form sodium methoxide.
This sodium methoxide reacts with neem oil (1000 ml) which is heated to 65 °C and
held at that temperature continuously for 2 h. Then the mixture is cooled down in a
separating flask for 12 h. At the end of cooling, two layers will be formed: bottom
layer will be heavier glycerol and upper layer was methyl ester. The fuel properties
after trans-esterification is tabulated as Table 1. Experimentation is carried out with
neat fuel, biofuel-diesel blend (B20) at 20–80 proportion, B20 with 200 ppm TiO2,
B20 with 400 ppm TiO2.

2.2 Experimental Setup

Experiments were conducted on a 4-stroke DI single cylinder water-cooled diesel
engine, specifications of which are given in Table 2. The engine was running at
constant speed of 1500 rev/min and the tests were conducted on diesel engine using
pure diesel, neem oil methyl ester with and without nanoparticle addition from no
load to maximum load. The volumetric fuel flow rate was measured and kept as
50 cm3. The emissions like CO, HC, and NOx were measured by using AVL five gas
analyzer.

Table 2 Diesel engine
specifications

Engine Kirloskor

Power 4.4 KW

Bore (mm) 87.5

Stroke (mm) 110

Compression ratio 17.5:1

Speed (rpm) 1500

Injection pressure (bar) 200

Injection timing 23° bTDC
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Fig. 1 Brake thermal efficiency versus brake power

3 Results and Discussions

3.1 Brake Thermal Efficiency

Figure 1 shows the variations of brake thermal efficiency with load for diesel and
biodiesel (B20) and with nanoparticle is. It was observed that there is an increase in
BTE while using B20 + 200 ppm TiO2 fuel when compared to other fuel samples.
The maximum brake thermal efficiency obtained for B20 biodiesel blend with 200
and 400 ppm nanoparticle is 31.64 and 30.92% and for diesel, it is 30.48% at full
load.

3.2 Brake Specific Fuel Consumption

Figure 2 shows the variation of brake specific fuel consumptions (BSFC) with load
for diesel and biodiesel (B20) andwith nanoparticle. BSFC of B20 biodiesel is higher
when compared to all other test fuel sample which may due to lower calorific value
of biodiesel blend. The lowest BSFC is obtained as 0.226 kg/kWh and 0.30 kg/kWh
for 200 ppm and 400 ppm nanoparticle added with B20, respectively, whereas it is
0.32 kg/kWh for B20 at maximum load.

3.3 Carbon Monoxide Emission (CO)

The graph (Fig. 3) itself shows that the CO emission values grow very slowly upto
¾ of the full load and there is a sudden jump in the emission value when the test rig
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Fig. 2 BSFC versus BP

Fig. 3 CO versus BP

is at its full load for all the test fuels and evidently, there is CO emission reduction
when titanium dioxide is added.

3.4 Hydrocarbon Emission (HC)

Figure 4 shows the variation of hydrocarbon emission with load. Adding of tita-
nium oxide decreases the hydrocarbon emission when comparing with pure diesel
and biodiesel blend. The least HC emission is obtained for 200 ppm and 400 ppm
nanoparticle with B20 are 22 ppm and 21 ppm, respectively, whereas B20 is 24 ppm
at maximum load.
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Fig. 4 HC versus BP

Fig. 5 NOx versus BP

3.5 Nitrogen Oxide Emission (NO)

The effect of nanoparticle additives (Fig. 5) improves the combustion and the longer
ignition delay result in faster premixed combustion is the cause for higher combustion
temperature and the subsequent higher NOx emission. The lowest NOx emission
obtained for 200 ppm and 400 ppm nanoparticle with B20 are 654 ppm and 641 ppm,
respectively, whereas for diesel and B20 are 605 ppm and 676 ppm, respectively, at
maximum load.

4 Conclusions

The engine performance and exhaust emission characteristics of a diesel engine with
diesel–neem biodiesel blends with the influence of titanium oxide nanoparticles were
investigated and the derived conclusions are given. The brake thermal efficiency was
increased by 1.32% for B20 with 200 ppm of TiO2. The CO and HC emissions
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were decreased by 23% and 16.5%, respectively, for 200 ppm TiO2 added with B20
as additives at full load. The NOx emissions increased about 5% for 200 ppm TiO2

addedwith B20 diesel–biodiesel blends compared to 400 ppmTiO2 with B20 diesel–
biodiesel blends and without nanoparticle addition with B20 blend at full load. So it
can be concluded that the addition of 200 ppm titanium oxide nanoparticle as additive
with biodiesel blends will reduce emission even though there is marginal increase in
NOx emission.
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RFID-Based Real-Time Monitoring
System for Drill Bit Manufacturing
Process

N. Ikram, M. Pravin Savaridass, S. Amuthabharathi, and R. Karthickkumar

Abstract Manufacturing industries undergo several process and techniques for
making an end product. Each process is monitored and controlled by localized supe-
rior in that particular process. The communication between the processes is done
manually; it leads to a lag of connectivity in data sharing between each process. This
may cause human error and it incorporates to the lag of efficiency in manufacturing
process. Manual tracking of each and every component in manufacturing industries
is difficult and also highly unreliable. This paper introduces real-time RFID tech-
nology for tracking and monitoring each and every steps of process to improve the
efficiency of the production throughout the process. This technology also simplifies
the problem of tracking the component in every process. This RFID implementa-
tion makes the connection between the several processes in an industry to develop
a finalized product. Further, this paper proposes an automated technology for indi-
cating the defect in the product in every stage of the process. This RFID technology
implements specifically for identifying the defects and efficiency lag in the drill bit
manufacturing process. RFID technology plays a vital role in improving the process
in logistics and manufacturing. The exact position and defects are supervised and
located throughout its flow in the whole production process of an industry. RFID
enables better monitoring of production processes with appropriate material flow.

Keyword RFID drill bit tracking process automation
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1 Introduction

1.1 RFID Observance System

RFID technology has strong identification and tracking facilities, so it is implemented
in various applications. In every places, wherever there are different things accessed
by several users, the tendency of losing the tracking information about the product is
quite high, because of weakness in material observance. The aim of the analysis is to
figure out a generic approach in tracking of product inmanufacturing process. Typical
approach of checkingmaterials for each product is tough formanual tracking system.
These ends up in a challenge for administrator to monitor the flow and process of
the materials continually. To automate these method, Radio Frequency Identification
(RFID) is a well known in concert of the foremost sensible and implementable
in real-time in-line with process. In this paper, solution has been provided for the
continuous monitoring encountered within the manufacturing process. So RFID-
based observance system has been designed and developed to explore the material
handling system of industrial product.

1.2 RFID Technique and RFID Tag

RFID known as Radio Frequency Identification is a technology where the data
encoded in the RFID smart card are decoded by the RFID reader module to retrieve
the data. RFID structures consist of three components: an RFID tag or smart label,
an RFID reader, and an antenna. RFID tags incorporate an integrated circuit and
an antenna, which are used to transmit information to the RFID reader. RFID tag
will store the data and it can be scanned and read through RF reader module and
it has a huge storage capability than the bar code technique. Two major compo-
nents of RFID system are transponder and RFID reader. The product which is to be
scanned have a transponder or RFID tag and the reader can be either just a read or a
write device, depending upon the system design and the requirement. RFID reader
contains a radio frequency module, configurable control unit, a display device, and
an antenna. In added to that, a number of RFID readers are integrated with an extra
interface allowing them to forward the data received to another system. Radio waves
are converted to an accessible data by the reader. Information generated by the label is
transmitted through the communication interface to the host computer system where
data can be stored and analyzed in a database. RFID utilizes electromagnetic fields to
naturally recognize and track labels appended to objects. The tags contain electron-
ically stored information. Passive tags collect energy from a nearby RFID reader’s
interrogating radio waves. Active tags have a local power source (such as a battery)
and may operate hundreds of meters from the RFID reader. Unlike a barcode, the
tag need not be within the line of sight of the reader, so it may be embedded in the
tracked object.
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Table 1 Specification of
RFID’s

Frequency Range Different
modules

Applications

125–150 kHz 5–20 cm EM-18 and
ILA-12

Factory data
collections

13.56 MHz 10 cm–1 m MFRC522 and
SM 130

Smart cards

2 Materials and Methods

2.1 EM-18 RFID Card Reader Module

EM18 RFID is used for industrial applications with different range and frequen-
cies. EM18 RFID reader which is used to read RFID tags of frequency in the
range of 125 kHz. After reading tags, it transmits unique ID serially to the PC or
microcontroller using UART communication or Wiegand format on respective pins.

EM18 RFID reader reads the data from RFID tags which contains 12 bytes stored
ID. This reader does not require line-of-sight, also it has short identification range
of few centimeters (Table 1).

2.2 Literature Survey

McFarlane and Sheffi [1] propose supply chain operation involved with automatic
identification smart cards (RFID) and also show the challenges occurred in supply
chain operations. Lu and Cheng [2] reviewed the fundamental issues, methodologies,
applications, and potential of RFID-enabled manufacturing and a simulated RFID
machining process and finally proposed a methodology, framework, and five-step
deployment process aimed at developing a holistic approach to implement RFID-
enabled manufacturing. Sarac et al. [3] surveyed the state-of the-art on RFID tech-
nology deployments in supply chains and analyzed the impact on the supply chain
performance. da Costa and de Oliveira [4] show the study of Radio Frequency
Identification (RFID) technology contribution to the optimization of production
process. Wang et al. [5] proposed a RFID-based manufacturing process and a frame-
work manufacturing process for a cloud MES system centered on machine tools
constructed. In this, RFID configuration and cloud processing are analyzed.

2.3 Implementation of RFID System

Tracking of RFID attached to the rawmaterial and components is done automatically
and this RFID collects the material flow data from each process and updates it to the
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superior controlling system periodically. These data are been stored for statistical
analysis and future reference. The implementation of RFID in process station brings
continuity and connection between each stage of the process in manufacturing [6].
The accurate and precised data are derived and rectified by implementing this RFID
and the progress flowwill be obtained during the manufacturing process itself. RFID
makes the individual process to a combined process by establishing the connectivity
with each process. Implementing RFID system requires EM18 RFID module which
has an inbuilt integrated chip for process and an antenna for signal receiving and
these are the RFID readers consist of hardware part which directly interact with RFID
tags, RFID tags where the data are processed, stored and data are transmitted to the
module by scanning the tags. Implementing of RFID technology in individual stage
of manufacturing process involves analysis of raw material for particular process,
tagging of raw materials, tracking the process materials, and reading of data in RFID
tags. Some of the factors which will affect the RFID property like temperature,
distance factor, etc., will be considered and take actions to overcome this problems
before implementing the RFID tags with process materials [7]. The proper RFID
tags will be chosen for process by considering the property of RFID and also the
working or process environment. The first stage of implementing is the analysis of
rawmaterial; in this stage, the rawmaterial used for the particular process is analyzed.
The second stage is the tagging of RFID to the raw materials; here, the raw materials
are undertaken to attach the RFID tags to it. While attaching the RFID tags, the data
of each and every raw materials are noted and these data are stored electronically in
the RFID tags. Tagging is done to each raw material individually. The data stored
in the RFID are transmitted to the system before move on to the process. The next
stage is tracking of process materials; in this stage, the tagged processing materials
are tracked for the material status. The final stage of implementation of RFID is
scanning; in this stage, the end materials from each process are scanned by using
RFID module. While scanning, the material data are transmitted from RFID tag to
the module and these data in module are transmitted to the superior system, and the
status of the process is done and verified. 3.1 Work flow of RFID system (Fig. 1) [8].

When drill bit reaches the starting position of the process, it gets scanned and
updated to the system. If drill bit not completing any stage of the process or else
damaged, it is marked in the system which get updated to the central system. So
that it could not reach further process of manufacturing. Skipping of the process
is also identified by this RFID technique. Drill bit could not enter any further steps
without completing the previous process. The status of each product can bemonitored
continuously anytime by the quality team. The loss ofmaterial can be easily identified
by the teammembers of quality through this technology. If any of the stage is skipped
during the process of manufacturing, it can be easily identified and also any of the
product gets rejected or damaged in the manufacturing process, it can be tracked and
undergoes corresponding remedial actions. When all the process is completed, the
overall efficiency of manufacturing can be easily identified by the stored data which
can be easily accessed through the system [9].
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Fig. 1 a RFID system work flow. b Implementation of RFID system

3 Results and Discussions

In this paper, Arduino software and Python programming are implemented for the
proposed technique. By using the RFID readermodule, data are updated to the server.
The data are continuously transferred to the authorized persons through e-mail. The
defective products can be easily updated to the system through authorized persons
[10]. The status of the products can be easily verified through system. This technique
will improve the efficiency of the manufacturing process. The output of the process
will be displayed in the monitor. The comparison analysis of drill bit manufacturing
process by manual system and RFID implemented automated system is showed in
Tables 2 and 3. The overall analysis shows the RFID implemented system causes

Table 2 Analysis of batch process for drill bit manufacturing for a day by manual process

Shift batch Number of
product of
scanned

Number of
products
undergoes all
process

Number of
products
missing the
process

Number of
defected
products

Number of
products
undergoes
remedial
action

Shift 1 100 93 4 3 2

Shift 2 100 91 5 4 4

Shift 3 100 93 3 4 3



206 N. Ikram et al.

Table 3 Analysis of batch process for drill bit manufacturing for a day using RFID

Shift batch Number of
product
scanned

Number of
products
undergoes all
process

N missing the
process

Defected
products

Number of
products
undergoes
remedial
action

Shift 1 100 92 6 2 8

Shift 2 100 91 4 5 9

Shift 3 100 93 3 4 7

more efficiency in the manufacturing process by identifying all the missed-out and
defected products and finally undergoes the remedial actions [11].

4 Conclusions

A real-time observance system for an industry has been successfully developed using
RFID system. The RFID technique provides more advantages over standard method
of observance. The proposed method provides several advantages over conventional
method of monitoring the process in an industry. The proposed system is portable
and compact. The result can be viewed through the e-mail to the particular authori-
ties from the system automatically. The finalized results are displayed in the screen.
The future scope of this process is to fetch the scanned data of the objects in indus-
trial process and transmitted to the cloud storage management. This cloud storage
management simplifies the whole process storage. The real-time monitor will be
updated by developing a backend database. Another main challenge in this RFID
monitoring system is that it cannot withstand in all the industrial environment. The
future work will be that this problem will be rectified with an optimal solution [12].
Furthermore, the sensors implementation and automate the device in order to develop
a smart manufacturing unit.
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Efficient Data-Secured Cryptography
Using FRQI Algorithm

A. Shyamalaprasanna, B. Ragavi, S. Saranya, L. Pavithra, and P. Santhya

Abstract TheWeb clients are consistently expanding step by step. After the starting
of the 4G or IMT—Advanced administrations, correspondence over Web expanded
definitely. Individuals over every one of the networks like social, monetary, busi-
ness, money related, and so forth are doing correspondence or trading their esteemed
reports over Web. The interest for verifying the information in productive manner
has been expanded. As cryptography is the most ideal approach to verify the corre-
spondence. In FRQI, the compression ratio of quantum images is more efficient and
achieves quadratic speed in quantum images. Here, BB84 protocol convention is
used to execute QKD. It manages the harmonization states that want to transmit the
media transmission information with elevated level of security utilizing a glass or
optical fiber.

Keywords Quantum cryptography · Qubits · Image compression · FRQI · QKD
protocol

1 Introduction

Securing the data content in advanced image basic today for differing purposes, from
military to medicinal services frameworks. Propelled encryption procedures such as
protected transmission, recovered quantum pictures are progressively required for
an assortment of picture preparing applications, particularly for restorative pictures.
The encrypt of sender or client data before its transference over a correspondence
channel or Internet of thing system is significant tolerant classification.
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Quantum mechanics lead to the formation of qubit information, calculation, and
later quantum PCs take care of issue that cannot be proficiently understood in
customary computers. Various quantumpicture portrayalmodels have been proposed
to use quantum mechanics to heap and proceeding picture data. For example, Qubit,
Entangled Image, Real Ket, and adaptable portrayal of quantum pictures (FRQI)
Some straightforward picture handling calculations have been created [1]. FRQI
is the most recent portrayal among the current trends. FRQI utilize standardized
emplacement to reserve every one of the pixels in a picture, the equivalent activi-
ties execute the same time on all pixels, and hence FRQI can clarify the ongoing
calculation issue of picture handling applications. Nonetheless, since FRQI utilizes
just a solitary quantum bit to store dim scale data to every pixel in a picture, some
computerized picture preparing tasks, for instance certain complex shading activi-
ties, is impossible based on FRQI. In this proposed model, FRQI can improve an
quantum port for advanced pictures. The modernized utilized the premise condition
of a quantum bit succession to reserve the dark scale estimation of each picture
element.

Along these lines, to store the computerized picture utilizing quantummechanics,
two snared quantumbit successions are utilized inNEQR to reserve the entire picture,
which speak to thedark scale and locational data of the considerable number of picture
element [2]. Specialists have built up a great deal of cryptographic calculations;
however, most calculations are proposed to scramble messages in content structure.

Propelled calculation for cryptography which is absolutely reliant on hashing
capacity method to produce a mystery key which is additionally used to encode and
unscramble the significant data. QKD gives a special method for sharing irregular
arrangement of bits between clients with a degree of security not achievable with
any other old style cryptographic strategies [3].

In this paper, a protocol called BB84 is utilized to execute. QKD that manages
the photon polarization states is used to transmit the media transmission data with
elevated level of security utilizing optical fiber. QKD gives a special method for
sharing irregular arrangement of bits between clients a degree of security not achiev-
able in old style cryptanalysis [4]. In the reserved computerized picture utilizing
quantum mechanics, two caught quantum bit groupings are utilized in FEQR to
store the entire picture, which speak to the dark scale and positional data of the
considerable number of pixels.

2 Illustration of FRQI

Through investigations and correlations with FRQI, the accompanying focal points
of FRQI have been illustrated:

The time complexity of setting up the NEQR quantum picture shows a roughly
quadratic diminishing contrasted with FRQI.

For picture pressure dependent on minimization of Boolean articulations, the
pressure proportion of NEQR can be expanded to 1.5X that of FRQI.
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Fig. 1 Basic encryption and decryption

Through quantum estimations, the first old style picture can be recovered precisely
from the NEQR quantum picture, not feasibility as with FRQI.

More picture activities can be accomplished helpfully dependent on NEQR than
FRQI. For example, incomplete shading activities what is more, factual shading
activities which are depicted (Fig. 1).

In light of these points of interest, the recently proposedmodel for quantumpicture
handling is progressively adaptable and more qualified crucial model than all other
existing quantum picture portrayals.

2.1 Approach of QKD

Quantum mechanical impacts can be utilized to move data from sender to receiver
and any endeavored by hacker will consistently be perceptible.

Related Work

This quantum picture portrayal model can be communicated for a 2n × 2n picture
[5]. In FRQI, the position data of each pixel is put away in a premise condition of a
two-dimensional quantum bit arrangement, and the dark scale information reserved
as the likelihood adequacy of a solitary qubit which is caught with the quantum bit
arrangement.

Numerous examinations on quantum picture handling have been done depen-
dent on FRQI examined basic geometric and shading activities dependent on FRQI
and demonstrated the extraordinary execution development of these quantum tasks
contrasted and traditional picture tasks extended FRQI utilizing three shading qubits
to reserve the full-shading data of a RGBα picture structured quantum watermarking
calculations in view of FRQI [6], acquiring great execution.
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Fig. 2 FRQI qubit image

All in all, all past examinations based on FRQI have concentrated on certain basic
activities and calculations in advanced picture preparing. The primary explanation
behind this is the FRQI model has a few downsides (Fig. 2).

The time multifaceted nature of quantum picture arrangement for FRQI is exces-
sively high. To disentangle planning of a FRQI quantum picture, the Boolean articu-
lation reduction strategy is utilized to execute picture pressure [7]. In any case, it has
been discovered that the FRQI pressure proportion relies upon the dim scale distri-
bution of the computerized picture; particularly, when the picture is exceptionally
scattered, the FRQI pressure proportion is low, in any event, moving toward zero.
Since FRQI reserves the dark scale data of the picture element as the likelihood Plen-
tifulness of a solitary quantum bit, it is difficult to get precise likelihood plentifulness
for this qubit through limited quantum estimations [8]. At the end of the day, exact
picture recovery is a unimaginable assignment for the Flexible Representation Of
Quantum Image model. FRQI reserve the computerized picture into the protector
of a qubit arrangement concurring to the position data of various pixels [9]. Subse-
quently, all activities which are appropriate for FRQI ought to play out similar tasks
for pixels at various positions. Different tasks cannot be obliged. These drawbacks
of FRQI have moved toward becoming restrictions on the investigation of complex
quantum picture preparing calculations.
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Fig. 3 Representative expression of FRQI

3 Representation, Compression, and Preparation
of Quantum Images

3.1 FRQI

Through investigation of the FRQI quantum picture model, it is realized that the
upsides of FRQI come about because of utilizing the protector of a quantum bit
succession to reserve the locational data of the considerable number of picture
elements, so all can be worked on all the while. In any case, the primary expla-
nation behind the disadvantages of this model is that FRQI utilizes just a solitary
qubit to store the dark scale data for every pixel [10]. To improve Flexible Repre-
sentation of Quantum Image, uses two snared quantum bit arrangements to store the
dim scale and position data, and stores the entire picture in the protector of the two
qubit arrangements (Fig. 3).

3.2 Quantum Picture Planning

To take advantages of quantummechanics to process a picture, the picture data should
initially be put away in a quantum state [11]. The arrangement method for FRQI will
currently be depicted. From the portrayal of FRQI, q + 2n qubits are expected to
develop the quantum picture for a 2n × 2n picture with dark range 2q (Fig. 4).
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Fig. 4 Block diagram of encryption and decryption of FRQI

The classical images are first converted into quantum images, and by using an
FRQI algorithm, we encrypt the data by transmitting form sender to receiver. The
image can be encrypted by high secured-level decrypting method; the BB84 protocol
can be decrypted by getting a original image [12].

4 Compression Ratio

CompressionRatio = 1

Compression/Before Compression
∗ 100

4.1 Framework Implementation

The secured image can be converted into a quantum image by implementing a
algorithm called FRQI algorithm [13]. Figure 5 shows the quantum image can be
encrypted by using a same algorithm with the implementation of BB84 protocol to
transfer an efficient secured data.
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Original image Quantum 
image 

Encrypted
image 

Decrypted image 

Fig. 5 Experimental result

Read the image file.
Convert the image into gray scale image.
Identify each pixels and position of the image.
Convert it into quantum image using FEQR algorithm.
Read the color pixel RGB.
The encrypted imaged position is to be calculated by position of X, Y.
RGB pixels to the image to be random and cannot be recognized.
The distinction between the first picture and the encoded picture is contrasted

and found with be of in significant distinction with no picture data. The entropy of
the quantum and unique picture is contrasted and found with be equivalent [14].
Entropy of a picture is the proportion of picture data content, which is deciphered as
the normal vulnerability of data source.

5 Simulation Result

In image, entropy is defined as corresponding states of intensity level which indi-
vidual pixels can adapt. Table 1 represents the entropy comparison of the original
image and quantum image. These values are compared to be more or less equal.

Table 1 Entrophy
comparison of original and
quantum image

Original image Quantum image

7.770
7.883

7.675
7.762



216 A. Shyamalaprasanna et al.

To break down the existing methodologies, a PC with 6 GB RAM and Intel
center CPU furnished with MATLAB R2014a is used to perform quantum activities
on quantum pictures [15]. Demonstrates the reenactment after effect of the picture
changedover into quantumpicture and the encodedpicture utilizingFRQI calculation
too the picture is unscrambled by utilizing a BB84 convention to get the first picture
to transfer an information with unqualified security. Picture of various size is taken as
the info picture and the accompanying reenactment results are examined as beneath.

6 Conclusion

A highly secure quantum image cryptography approach is shown in this work. FRQI
algorithm is good enough to secure a digital image, especially in the security pixel
mostly algorithm cryptography secures files or specific to text, with other algorithms,
FRQI map could safeguard the image of a well without reducing the value or infor-
mation of a digital image and by decrypting a datawith highly securedBB84 protocol
to transfer a data with unconditional security.
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Studies on Influence of Reinforcement
Characteristics on Mechanical Properties
of Banana Fiber Nonwoven Composite
Structures

T. Murugan and B. Senthil Kumar

Abstract The influence of banana fiber length, fiber volume fraction, alkali concen-
tration during surface treatment onmechanical properties such as tensile strength and
flexural strength of the composite materials. Eighteen different composite samples
were produced by changing the fiber length (such as 4, 6, and 8 cm), fiber volume
fraction (30%, 40%, and 50%), contraction of alkali while giving surface treatment
on the fiber (such as 3%, 5%, and 7%), and fiber alignment (such asmachine direction
and cross direction) through needle punched nonwoven batt. As per the ASTM stan-
dard, tensile and flexural studies were carried out for all the samples using Instron
tester. The following results were found such as the composite made up of 50%
fiber volume fraction and 5% alkali treatment shown highest tensile and flexural
strengths. In the case of fiber length is concerned, 6 cm length-based nonwoven rein-
forcement yields highest mechanical properties and cross direction reinforcement is
shown higher mechanical strength than machine direction reinforcement laying.

Keywords Banana fiber · Composites · Hand lay-up · Epoxy ·Mechanical
property

1 Introduction

Recent days, the use of natural fiber-reinforced polymer composites was getting
higher attention due to ecological aspects [1]. The natural fibers are low density, good
thermal and acoustic properties, low cost and environmentally friendly production
and disposal system are the attractive features of natural fiber reinforcement [2].
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Presently, most of the green fibers such as jute, flax, kenaf, and coconut fibers have
been considered as reinforcement along with thermoplastic and thermoset matrices
due to abundant availability [3]. The mechanical properties of any polymer compos-
ites have been depending upon various matrix parameters as well as reinforcement
parameters and fiber matrix interaction and hybridization is one such important
properties. Many research works have been undertaken to investigate the effect of
surface treatment of banana fiber on reinforced with thermoplastic and thermoset-
ting polymer [4, 5]. According to Merlini et al., the surface treatment improved the
fiber matrix interfacial shear stress and overall mechanical strength of the composites
[6]. Prasanna and Subbaiah fabricated surface-modified banana fiber reinforced with
polyurethane matrix and found that 20% surface-treated fiber holds higher tensile
strength than 10% surface treatment reinforcement [7]. Shankar et al. reported that
fiber volume fraction has significantly affected the mechanical properties of the
composite. There is a 5% increase from the optimum level of jute fiber-reinforced
composite, the overall decrease in tensile strength was 15–20%, and reduction in
flexural strength was 5–10% [8]. Sumaila et al. have developed the random fiber
composite using banana chopped fibers with different fiber lengths with epoxy resin
and found that the composites having 15 cm length have shown highest tensile
strength among the other ranges but the flexural strength of the composite was shown
increasingmode up to 25mmfiber lengths [9]. Laban et al. have studied the influence
of fiber length on mechanical properties of the composite materials and found that
the tensile strength was highest with 30 mm fiber length reinforcement composites
whereas the impact strength was highest with 40 mm length reinforcement compos-
ites [10]. To study aim to analyze the effect of fiber length, fiber volume fraction,
alkali treatment, and fiber alignment on mechanical properties such as tensile and
flexural strength of the composite materials.

Recent days, natural fibers are considered as important reinforcement for
composite making due to the environmental concern as a replacement for synthetic
fibers [11]. The fibers such as jute, flax, banana fiber, kenaf, ramie, and bagasse
are popularly used for natural fiber-reinforced composite production due to its low
density, good in mechanical properties, recyclable, and higher length-to-strength
ratio [12, 13]. Further to this, the natural fibers are sustainable, renewable, and eco
friendly in nature. These types of green composites were largely used in automobile
and construction industries [14]. Some of the natural fibers are formed as agriculture
wastages and creates environmental pollution, if it is not reused. One such waste
fibrous material is known as banana fiber [14]. Banana fiber has hard fibrous part
called rind and soft non-fibrous part called pith and consists of 45–55% of cellulosic
material, 20–25% hemicelluloses, and 18–24% lignin [15].
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Table 1 Physical properties of banana/palm fiber

Types of fiber Avg. linear
density (g/cc)

Avg. tensile
strength (MPa)

Avg. modulus
(GPa)

Avg. breaking
extension (%)

Banana fiber 1.3 310 42 1.20

Palm fiber 0.7–1.55 400–500 47 4

2 Experimental Details

2.1 Materials

Banana fiber has been extracted from dried stem of the banana tree. The extraction
process was done at the Laboratory of Department of Rural Industries and Manage-
ment, The Gandhigram DU. Then, the fibers were dried in the room temperature for
about 30 h. The fibers were cut into 4, 6, and 8 cm lengths, washed with distilled
water and oven-dried for obtaining a constant weight. The physical properties of the
extracted fibers were measured and shown as in Table 1.

2.2 Experimental Design

This study was conducted in two different phase.

Phase-1: During the first phase of analysis, six composite samples were produced
using banana fibers by changing the fiber volume fraction (three levels such as 30%,
40%, and 50%) and alkali concentration to improve the surface roughness of the
reinforcement (three levels such as 3%, 5%, and 7%). Then, the tensile and flexural
studies were undertaken to measure the influence of alkali concentration and fiber
volume fraction on banana fiber-reinforced composite.

Phase-II: During the second phase of analysis, six composite sampleswere produced
using banana fibers by changing the fiber volume fraction (three levels such as 35%,
40%, and 45%) and fiber length concentration to improve the strain propagation of
the composite (three levels such as 4 cm, 6 cm, and 8 cm). Then, the tensile and
flexural studies were undertaken to measure the influence of fiber length and fiber
volume fraction on banana fiber-reinforced composite.

2.3 Alkali Treatment for Surface Modification

A portion of cut banana fibers was then treated with NaOH in three different such as
3%, 5%, and 7% W/W of solution at ambient temperature (30 ± 2 °C) for 30 min
duration and the material liquor ratio was 1:50 (w/v). Subsequently, treated fibers
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Table 2 Physical properties of alkali-treated banana fiber

Types of fiber Avg. linear
density (tex)

Avg. tensile
strength (MPa)

Avg. modulus
(GPa)

Avg. breaking
extension (%)

Untreated 2.74 310 42 1.20

3% alkali treated 2.68 350 44 1.34

5% alkali treated 2.61 420 48 1.42

7% alkali treated 2.34 380 36 1.36

were then neutralized with 5 wt.% acetic acid solution and subsequently, washed
with distilled then the fibers were air-dried at room temperature for 24 h and then
oven-dried to obtain a constant weight. The fiber properties of the alkali treated and
untreated banana fiber are tabulated as in Table 2.

2.4 Needle Punching Process

All the reinforcement samples with different combination as per the phase-1 and
phase-II studywere presented in to themouding section in the formof needle punched
non-wovenbatt. This needle punched sampleswere executed through technical textile
laboratory at Avinashilingam Deemed University.

In phase-I study, Nine different types of needle punched nonwoven batt were
prepared by changing the fiber volume fraction such as 30%, 40%, and 50% and
alkali concentration such as 3%, 5%, and 7% alkali concentration. These fibers were
opened and carded and subsequently, passed through a cross-lapper to form cross-laid
webs and parallel–lapper for parallel laid batt. Both the type of batts were then made
to pass through the needle punching process to prepare the nonwovens of nominal
mass per unit area of 400 g/m2. The process parameters (punch density of 150 cm−2,
depth of needle penetration of 12 mm) were kept constant during the fabrication of
nonwoven samples.

In phase-I study, nine different types of needle punched nonwoven batt were
prepared by changing the fiber volume fraction such as 35%, 40%, and 45% and
fiber length such as 4 cm, 6 cm, and 8 cm. These fibers were opened and carded and
subsequently passed through a cross-lapper to form cross-laid webs then taken for
needle punching machine to produce the nonwoven batt.

2.5 Mold Size

A wooden mold was fabricated with the dimension of 15 cm× 15 cm× 2 cm and it
is utilized for composite preparation. During the composite preparation, aluminum



Studies on Influence of Reinforcement Characteristics … 223

foil was also used as a base material to protect the resin leakages during molding
process.

2.6 Composite Fabrication

As per the sample plan in phase-I and phase-II, the molding process was executed
separately. The composite prepared from the banana fiber nonwoven structure is as
follows. The mold of 200 mm× 200 mm× 10 mm. It was interlined with aluminum
foil to avoid the resin leakages. Then, the epoxy resin was poured stage by stage into
the mold. The nonwoven batt was laid into the mold in alternative layers with resin.
Once the process is completed, then, the mold unit is transferred to the compression
molding machine. There are about 30 bar pressure was given to the mold by the
machine. After that, composite samples were removed and the specimens were cut
for various mechanical tests.

3 Characterization

3.1 Mechanical Testing

The tensile and flexural strength of the composite samples were carried out using
Instron Universal testing machine (Zwick Roell-Z010 Universal Testing machine)
based onASTMD3039MandASTMD790, respectively. Specimen dimensions used
for the tensile and three-point bending tests were 150× 25× 10 mm and 75× 15×
10 mm, respectively. A cross-head speed of 2 mm/min was used in the tensile tests
whereas the bending tests were performed at a speed of 2.8 mm/min. It should be
noted that the edges of composite samples were smoothened by sandpaper in order
to avoid stress concentration during the tensile and bending tests.
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4 Results and Discussions

4.1 Analysis of Alkali Concentration on Composite Properties

4.1.1 Mechanical Properties of Banana Fiber Composite with MM
Fiber Alignment

The composites were prepared with aligning the needle punched nonwoven in the
machine direction (MM) with changes in fiber volume fraction and surface treat-
ment concentration with alkali. The mechanical properties of those composites were
reported as Table 3.

In the case ofMM-aligned banana fiber composite with different alkali concentra-
tion, the alkali pretreatment has influenced the tensile strength and flexural strength
of the composite. The composite made up of 50%fiber volume fraction and 5% alkali
treatment shown highest tensile and flexural strengths. This is due to optimum fiber
content has increased the tensile strength of the composite and the pretreatment with
alkali has increased the bond strength of resin–matrix interface (Fig. 1).

4.1.2 Mechanical Properties of Banana Fiber Composite with MX
Fiber Alignment

The composites were prepared with laying reinforcement in both machine and cross
direction alternatively, which is technically called as anisotropic composite structure
and its tensile strength and flexural properties were studied and it is tabulated as in
Table 4.

In the case of MX-aligned composite, the alkali pretreatment has also influ-
enced the tensile strength and flexural strength of the composite. The composite
sample producedwith 5%alkali concentration and 50%fiber volume fraction showed
maximum tensile strength and flexural strengths.

4.2 Analysis of Fiber Length on Composite Properties

In the phase-II study, the fiber length of the banana fiber has been changed while
fabrication the composite materials and analyzed its influence on mechanical prop-
erties of the composite. The nonwoven batt was prepared using 4 cm, 6 cm, and
8 cm lengths fibers separately with three different fiber volume ratio such as 35%,
40%, and 45% and its tensile strength and flexural strength were measured and it is
tabulated as in Table 5.

In this case of fiber length, fiber volume fraction and blend proportion of banana
and palm have influenced the tensile strength of the composite. In the case of 40%
fiber volume fraction and 6 cm fiber length yield higher tensile strength of 42 MPa
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Fig. 1 a Tensile strength of
banana fiber composite with
MM fiber alignment.
b Flexural strength of banana
fiber composite with MM
fiber alignment
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and flexural strength of 44.7 MPa. When the fiber volume fraction increases, the
tensile strength of the composite was also increased up to certain level more than
40% the fiber matrix wetting property was affected, which leads to reduction in
tensile strength. Similarlywhen the fiber length of the reinforcement increases, which
increases the tensile strength of the composite but more than 6 cm, the fiber extend
was getting minimized due to curly nature of textile fiber, which leads to strength
reduction (Figs. 2 and 3).



Studies on Influence of Reinforcement Characteristics … 227

Ta
bl
e
4

M
ec
ha
ni
ca
lp

ro
pe
rt
ie
s
of

ba
na
na

fib
er

co
m
po

si
te
w
ith

M
X
fib

er
al
ig
nm

en
t

Fi
be
r
vo
lu
m
e

fr
ac
tio

n
(%

)
A
lk
al
ic
on

ce
nt
ra
tio

n
fo
r
su
rf
ac
e
tr
ea
tm

en
t

Te
ns
ile

st
re
ng

th
(3
%

al
ka
li
co
nc
en
tr
at
io
n)

(M
Pa
)

Fl
ex
ur
al
st
re
ng
th

(3
%

al
ka
li

co
nc
en
tr
at
io
n)

(M
Pa
)

Te
ns
ile

st
re
ng

th
(5
%

al
ka
li
co
nc
en
tr
at
io
n)

(M
Pa
)

Fl
ex
ur
al
st
re
ng
th

(5
%

al
ka
li

co
nc
en
tr
at
io
n)

(M
Pa
)

Te
ns
ile

st
re
ng
th

(7
%

al
ka
li
co
nc
en
tr
at
io
n)

(M
Pa
)

Fl
ex
ur
al
st
re
ng
th

(7
%

al
ka
li

co
nc
en
tr
at
io
n)

(M
Pa
)

30
20

26
23

29
.4

21
26

40
22

28
.2

27
33
.4

24
30
.3

50
28

36
.3

35
41
.3

32
39
.2



228 T. Murugan and B. S. Kumar

Table 5 Mechanical properties of banana fiber composite with different fiber length

Fiber
volume
fraction (%)

Fiber length variation

Tensile
strength
(4 cm fiber
length)
(MPa)

Flexural
strength
(4 cm fiber
length)
(MPa)

Tensile
strength
(6 cm fiber
length)
(MPa)

Flexural
strength
(6 cm fiber
length)
(MPa)

Tensile
strength
(8 cm fiber
length)
(MPa)

Flexural
strength
(8 cm fiber
length)
(MPa)

35 34 35.4 36 38.4 34 36.2

40 36 38.4 42 44.7 38 40.3

45 34 36.4 39 40.9 35 38.8

5 Conclusion

Banana fiber-reinforced polymer composites were produced in two-phase of research
work. In phase-I, samples were produced with changes in fiber volume fraction, fiber
alignments such as machine direction and cross direction and alkali concentration.
It is found that the samples produced through cross direction have shown higher
performance than machine direction alignment specimen. It specifically found that
around 7–10% of improvement was found between the cross-direction fiber align-
ment samples to machine directional fiber alignment. Fiber volume fraction has
direct effect on mechanical properties of the composite. In all the cases, around
50–55% improvement was found from 30% fiber volume fraction to 50% fiber
volume fraction. In the same line, alkali concentration also significantly influenced
the mechanical properties of the composite. In this research, it is found that 5%
alkali concentration yield higher performance than 3% alkali concentration and 7%
alkali concentration. It is found that in all the samples, around 40–45% improvement
was identified from 3% alkali concentration. In phase-II, research work, composite
samples were produced with changes in banana fiber length. It is found that 6 cm
length of fiber shown highest performance than 4 cm fiber and 8 cm fibers. The
variations were found around 2–5%.



Studies on Influence of Reinforcement Characteristics … 229

Fig. 2 a Tensile strength of
banana fiber composite with
MX fiber alignment.
b Flexural strength of banana
fiber composite with MX
fiber alignment
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Fig. 3 a Tensile strength of
banana fiber composite with
the change in fiber length.
b Flexural strength of banana
fiber composite with the
change in fiber length
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Effect of Lateral Load on Response
of Pile Foundation

M. Mahalakshmi and M. Arulsurya

Abstract The seismic soil-structure interaction involves the investigation of the
collective response of the structure, the foundation and its surroundings, to a predeter-
mined free-field ground motion. In this investigation, the pile foundation is analyzed
for earthquake loads. The piles are modeled in SolidWorks software and analyzed in
ANSYS workbench. The vertical and lateral load is applied on long and short pile.
Due to impact of lateral force, huge overturning and displacement occurred in long
pile, combined with small ground displacements. In short pile, settlement of pile was
observed along with large ground displacement.

Keywords SSI · Piles · Earthquake analysis · Deformation · ANSYS

1 Introduction

Pile foundations are exploited to distribute the load from elevations, through mid-
layer which can be water, or rigid soil. They are eventually for tall buildings,
skyscrapers and mainly accomplished where top settlement is averted. Pile is also
called as concrete columns which are constructed in subsoil strata. In small build-
ings, they are generally adopted up to 2–4 m depth, and diameter ranges from 250
to 350 mm. The long slender column used for piles is generally made up of steel,
timber and reinforced concrete in order to carry the vertical load and seismic loads.
The laterally loaded piles embedded in sand were analyzed using Plaxis by Elhakim
et al. [1]; it was found that the pile response depended upon pile spacing and rela-
tive density of sand. Also, the fixity of pile head effects was examined under lateral
loading. Nonlinear analysis was used to analyze the load carrying capacity and load
deformation behavior of single pile by Ahmed et al. [2, 3]; one of the main diffi-
culties in design was to predict the maximum deflection of the pile. Therefore, the
2D models were created to study the lateral behavior of piles in horizontal plane.
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Design of foundation for seismic loading is described briefly in this paper. SAP
2000 finite element software was used to analyze the variation of supports in struc-
ture and bearing forces. Deflection, moment and reaction of a column are briefly
discussed by Abbas et al. [4]; reinforced concrete (RC) micro-piles and reactive
powder concrete (RPC) were invented and designed by Cheng et al. [5] to examine
the dynamic response parameters such as strain, bending moment, pile soil system
and their time history. The pile deformation on dynamic response of micro-pile soil
interaction is performed by shaking table test. The result indicated that the strain
response of piles is buried about a depth of 4.2D. The 1D model is derived from the
2D model to imitate the nature of actions on piles by Sugimura et al. [6]. In general
it is not possible to design, but here, an attempt was made to investigate the displace-
ment response of ground. The experimental study of pile was carried out by Bisaws
et al. [7] based on the numerical study and also to calculate the coefficient of lateral
modulus of subsoil forces. Three dimensional finite difference analysis was carried
out by Chourasia et al. [8] to compute The long free headed and short free headed
piles of similar or layered soil media are tested. The parameters such as slenderness
ratio, relative density of sand and embedment ratio of pile were tested by varying
their data with the help of model pile test. The numerical study was undergone by
Plaxis 3D foundation software. The lateral load–displacement curve, pile deflection
and bending moment distribution were obtained from the pile foundation. The depth
for bed rock is established between 3 and 20 m. The effect of the bedrock on the
curves was evaluated from p–y curves which were collected at depths of 2.0–4.5 m.

It was observed that the p-y curves were significantly affected by the material
properties of the bedrock if the rock is located in close proximity (within 3D). Anal-
ysis of laterally loaded piles in 18 node triangular prism elements was done using
detailed three-dimensional finite element formulation. Numerical formulation has
been illustrated to develop in the pile which is located at the crest of the slope and at
some edge distance from the crest. The displacement and bending moment increase
with an increase in slope of the ground, whereas they decrease with increasing edge
distance which is also industrialized by numerical study carried out by Vishwas et al.
[9]. Ayothiraman et al. [10] conducted shake table test on model to study the adapt-
ability of foundation. In this paper, the effect of flexibility of foundation which is
subjected to lateral earthquake loads has been studied, and also, the effect of lateral
load on long and short pile foundation is also analyzed using Ansys workbench
software.

2 Model Using Solid Work

The pile foundation system is modeled using the software package SolidWorks. The
major feature of this package is simplified part creation and assembled (Figs. 1, 2
and 3).
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Fig. 1 Part – pile with cap

Fig. 2 Part – soil continuum

Fig. 3 Assembled system

3 Analysis Using Ansys

The 2 × 2 pile foundation embedded in sandy soil with both short and long piles is
studied by applying dynamic loading to the system. The model combined both pile
with cap and soil continuum as assembled system has the interactions and loadings.
The raft thickness remained the same for both short and long piles. L/d ratio greater
than 15 was adopted to study the behavior of long piles, and L/d ratio lesser than
15 was adopted to study the behavior of short piles. As vertical and lateral load is
applied, an enormous eccentricity develops. Tables 1 and 2 define the parameters of
pile, and the parameters of soil and model specifications are defined in Table 3.

Table 1 Parameters of pile Density 2300 kgm3

Young’s modulus 3E + 10 pa

Poisson’s ratio 0.18

Bulk modulus 1.56525E + 10 pa

Compressive strength of concrete in the
pile

M40
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Table 2 Parameters of soil Density 1700 kgm3

Young’s modulus 5.014E + 10 pa

Poisson’s ratio 0.3

Bulk modulus 4.36E + 10 pa

Mohr’s coulomb parameters

Initial inter-friction angle 25°

Initial cohesion 5000 pa

Table 3 Specification of
models

Description Condition Model

Long pile L/d > 15 Pile length = 7.5 m
Pile dia = 500 m
Pile cap size = 3 m × 3 m
Soil continuum = 20 m ×
20 m 18.5 m

Pile diameter = 500 mm
Pile dia = 500 m
Pile cap size = 3mx3m
Soil continuum = 20 m × 20 m ×
18.5 m

Pile cap size = 3 m × 3 m

Soil continuum = 20 m × 20 m ×
18.5 m

Short pile L/d < 15 Pile length = 3 m
Pile dia = 200 mm
Pile cap size = 2 m × 2 m
Soil continuum = 10 m × 10 m ×
7.5 m

Pile diameter = 200 mm

Pile cap size = 2 m × 2 m

Soil continuum = 10 m × 10 m ×
7.5 m

3.1 Boundary Condition

The boundary condition was allowed to be simulated in the initial step itself. The
bottom boundary must be arrested against vertical translation while the vertical
boundary must be arrested against lateral translation. All surfaces of soil continuum
except the top and left side surface were restrained mechanically by providing fixed
supports in order to eliminate the effect of boundary conditions, a large soil continuum
was necessary.

The dynamic analysis of laterally loaded long and short piles installed in sandy
soils was evaluated by applying horizontal velocities at the soil continuum, and the
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pile load variation settlement in soil was monitored. A lateral load of 7 Richter scale
was applied. A vertical load of 16,802 KN was applied to the foundation as loading
from the superstructure based on Kanaujia et.al. [10].

4 Validation of Model

The present model is based on 3D modeling of seismic load on pile groups resting in
sand by Elhakim et al. [1]. In this investigation, three-dimensional model is analyzed
byANSYSworkbench, andmoreover, the loadingparameter adopted is in accordance
with Kanaujia et.al. [10].

5 Result and Discussion

5.1 Behavior of Long Piles Under Lateral Force

The dynamic lateral load of 7 Richter scale was applied on the model having greater
L/d ratio to study the behavior of displacement, settlement, pile head displacement
and ground displacement after the application of vertical load.

From this analysis, as an impact of lateral force overturning of pile is observed
which is in accordance with [1] and small ground displacement is occurring, then the
pile is largely displaced as shown in Figs. 4 and 5. Load versus displacement curve
for long pile is shown in Fig. 6. It indicates that as the load increases in the presence
of lateral load, the pile displacement is also reportedly high.

Fig. 4 Total deformation of
long pile setup



238 M. Mahalakshmi and M. Arulsurya

Fig. 5 Total deformation of
long pile

Fig. 6 Load versus displacement graph for long pile

5.2 Behavior of Short Piles Under Lateral Force

The analysis of short piles having lesser L/d ratio is done using the same dynamic
lateral load in the presence of vertical load.

It was found that due to the impact of lateral force, large ground displacement
was observed as shown in Fig. 7. The load vs displacement curve for the short piles
shown in Fig. 8 represents less displacement compared to the long piles. Since short
piles behave partially plastic and partially elastic, long piles completely behave as
plastic.

6 Conclusion

From the study, it was concluded that
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Fig. 7 Total deformation of short pile

Fig. 8 Load versus displacement graph for short pile

• During the impact of lateral force, the pile is largely displaced, and then, it leads
to overturning.

• When the L/d ratio increases, the settlement decreases for short pile compared to
long pile where the settlement increases when the pile length increases.

• The pile cap is dislocated, and small ground displacement occurs due to lateral
force in long pile, whereas large ground displacement occurs in short pile.
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Investigation of Some Mechanical
Properties of Cast Iron Coated
with Chromium and Zirconia for Sliding
Application

S. Pranesh, T. Nithish Raj, S. Sudhakar, D. Deepan Kumar, and K. Suwinraj

Abstract In this project work, aluminium oxide/zirconia (30%Al2O3 + 70%ZrO2)
and aluminium oxide/chromium (30% Al2O3 + 70%Cr) were coated through atmo-
spheric plasma spray technique (APS) over cast iron as a base material, and some of
its mechanical properties were studied experimentally. The hardness, wear and SEM
and EDX of Al2O3/ZrO2, Al2O3/Cr coated and non-coated cast iron were taken, and
the results were compared. Hardness, SEM and EDX results show that the chromium
is better fused with cast iron than zirconium.

Keywords Atmospheric plasma spray · Hardness · SEM and EDX

1 Introduction

Nowadays, there is an increasing demand for engineering components to work in
severe working environments [1]. Due to its high-temperature application, there is
a need for some special types of coating in the surface of the components. Alumina
oxide coatings are excellent medium for providing a better protection against wear
and also resistant to high-temperaturewear [2]. These coatings are used in hot temper-
ature applications such as turbine blades, internal combustion engine pistons, petro-
chemical pipelines, hydraulic pumps and shafts. [3, 4]. Plasma spraying is one of
the best techniques to coat various materials on a variety of metal substrates [5, 6].
Coatings which are done with plasma spraying will exhibit a better bonding with the
metal substrate, wear resistance, excellent corrosion resistance and also high thermal
resistance.
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(a) (b)

Fig. 1 a Chromium-coated material; b zirconia-coated material

2 Materials and Methods

Plasma spray coating is been done on base material cast iron (GC-211) which is
specially used for variety of piston rings in reciprocating or in rotatory applications.
Thick coatings (450–500 µm) were deposited on the base material by using plasma
spraying gun with 7 mm internal diameter nozzle. Cast iron (GC-211) was sand
blasted by using alumina particles in order to improve the surface roughness value
and also the bonding between the coating and the metal surface [7]. Finally, the
samples are mounted on the specimen catcher, and it is been coated [8]. Three variety
coating materials, namely aluminium oxide, zirconia and chromium, were used. The
coating was done with different chemical compositions. Figure 1a shows the cast
iron coated with 30% aluminium oxide and 70% chromium (wt.%).Fig. 1b shows
the cast iron coated with 30% aluminium oxide and 70% zirconia.

3 Results and Discussion

3.1 Hardness

In the present study, aluminium oxide, zirconia and chromium coatings were done
on the cast iron by plasma spray technique, and their mechanical properties were
characterized [9, 10]. \query{Please check the edits made in the sentence ‘The hard-
ness of pure aluminium oxide coatings was about 81 HRC...’.}The hardness of pure
aluminium oxide coatings was about 81 HRC, the hardness of Al2O3 + Zirconia
coatings was about 85.7 HRC, and the hardness of Al2O3 +Chromiumwas about 88
HRC. Figure 2 explains the bar chart displaying the variation in Rockwell hardness
with a variety of coating materials. \query{Please check the clarity of the sentences
‘Cast iron 211 has an 84.2 HRC when...’, ‘And also, when compared with Al2O3 +
chromium is 3.8 HRC is comparability low’, and ‘When comparing the two coated
materials Al2O3 + Zirconia and Al2O3 + chromium has 2.3 HRC...’.}Cast iron
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Fig. 2 Bar chart displays the variation in Rockwell hardness

211 has an 84.2 HRC when compared with the coated materials Al2O3 + Zirconia
is 1.5 HRC is low. And also, when compared with Al2O3 + chromium is 3.8 HRC
is comparability low. When comparing the two coated materials Al2O3 + Zirconia
and Al2O3+ chromium has 2.3 HRC is the difference. The above graph shows that
Al2O3 + chromium-coated sample has high hardness value when compared to the
other two materials because the chromium generally has high hardness property [11,
12].

3.2 SEM Analysis

Ceramic-coated samples were been cut by medium-speed diamond saw cutter and
polished upto 0.26 µm. Then, the polished specimen cross sections were then anal-
ysed using scanning electron microscopy. For each sample, various micrographs at
differentmagnification ranges, i.e., 100X–2000X,were been processed and analysed.
From Fig. 3, it is clear that both the coatings exhibit a porosity and microholes [13,
14]. The presence of fine pores and also the presence ofmicrocracks are also homoge-
neously distributed [15]. Figure 4 shows some patches and interlamellar microcracks
(denoted by yellow arrows). Partially melted particles were also observed in some
areas.

4 Conclusion

In the present work, some mechanical properties of cast iron coated with chromium
and zirconia for sliding application have been investigated. The result obtained from
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Fig. 3 Al2O3/Cr-coated cast iron

the Rockwell hardness tester shows that hardness is higher for Al2O3 + Chromium
when compared with Al2O3+ Zr and non-coated cast iron. The result obtained from
SEM and EDX shows that the chromium is better fused with cast iron than zirconia
and also does not havemuch porosity and cracks when compared with other material.
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Fig. 4 Al2O3/Zr-coated cast iron
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Performance Study of Low-Pressure
Vertical Feedwater Heater with SS304
as the Tube Material

S. Jeeva, A. Abubakkar, S. Dinesh Kumar, and M. R. Ahamed Buhari

Abstract Most of the power generated comes from the steam power plant based
on modified Rankine cycle. Researchers always attempt to increase the thermal effi-
ciency of the steam power cycle. Due to increasing competition, it has become
necessary for electric utilities to operate their facilities in the most cost-effective
way possible. Even a slight increase in thermal efficiency reduces fuel consumption,
and subsequently, the fuel cost is also saved. Feedwater heater is one of the compo-
nents that increase the cycle efficiency. Low-pressure feedwater heater is used in a
steam power plant to preheat the feedwater. But the tubes of the heater are subjected
to frequent failures. So it becomes necessary to study the performance of the heater
to check for its degradation. Effective monitorization of the process can be a very
useful tool for diagnostic purposes. The performance of feedwater heaters can be
studied by measuring a few thermodynamic properties. Terminal temperature differ-
ence (TTD), drain cooler approach (DCA), pressure drop and temperature rise are the
four main parameters used in the analysis of feed water heaters. A simplified routine
performance test on feedwater heater at a frequency of five minutes is conducted
for a period of two hours. Using this test, the actual performance parameters are
calculated. These results are compared with the computed values. This will help in
identifying the deviations of the performance parameters under normal conditions.
Based on the comparison, suitable decision can be made of whether to operate the
heater or to replace it.

Keywords Terminal temperature difference · Drain cooler approach · Feedwater ·
etc.
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1 Introduction

A feedback heater is a heat exchanging device in which by mixing the two streams or
without mixing the steams, the heat is transferred from steam to the boiler feedwater
[1]. In feedback heater, the Rankine cycle efficiency can be increased by raising
the feedwater temperature that is supplied to the steam generator. More power will
be wasted if the exiting water from the heater does not have specific temperature
or if the mass flow or the specific enthalpy going to the heater from the extraction
point is higher than the specific level. Effective monitorization of the process param-
eters can provide meaningful results for diagnostic purposes. As compared to the
open heater, the closed heater does not attain a high feedwater temperature. The
closed feedwater heaters are of shell and tube heat exchangers type. The degradation
mechanisms of heat exchangers can be studied by measuring the temperature and
pressure [2]. The LP heaters are usually located between the condensate extraction
pump and the deaerator, which is followed by the boiler feed pump. LP heaters are
employed to increase the overall efficiency of the regenerative cycle by heating the
feedwater, coming from the condensate extraction pump. In boiler–turbine systems,
the economy of the system causes toomuch problems. The load tracking system used
in the past cannot measure the economy of the boiler–turbine systems effectively [3].
If malfunction of feedwater heater occurs, it affects the power plant efficiency by
increasing the heat rate and/or decreasing generation capacity. Severe malfunction
leads to complete shutdown of power plant unit. Heat exchanger tubes are the vulner-
able part in the heat exchanger. Analysis showed that failure was due to the flushing
operationwith the initial water pressure of 2300 kgf/cm2 [4]. Flow-accelerated corro-
sion causes in thinning of the deaerator walls and in some places results a leaky hole.
Microstructure observation revealed that leaky hole was formed at places where the
microstructure underwent recrystallization during the initial manufacturing process.
The x-ray diffraction, scanning electron microscopy and optical microscopy tech-
niques were used in the past for the microstructure analysis of deaerating feedwater
heater. The results showed that the flow-accelerated corrosion (FAC) at the bottom of
the deaerator can lead to the failure of feedwater heater [5]. A basic understanding of
the operation of feedwater heater is necessary in realizing the impact of this system
and subsequent control on plant efficiency. The thermal efficiency and cost of the
shell and tube heat exchangers are two parameters which are difficult to optimize
[6]. Feedwater heaters take advantage of the heat of condensation to preheat water
supplied to the boiler. This reduces the amount of fuel required to bring the water up
to required temperature. Model codes have been developed to solve the governing
equations encountered in heat transfer problems. For the analysis of shell and tube
heat exchanger, computer program can be incorporated for variety of heat exchanger
configurations [7].

Barszcz and Czop [8] proposed amodel of the feedwater and amethod for it. They
studied the parameters affecting the performance of the feedwater. The variations can
be easily tracked by the PC workstations. The model was implemented in a 225 MW
coal-fired plant and the operational data were tracked successfully.
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Fig. 1 Schematic diagram of the low-pressure heater

2 Zones in Feedwater Heater

As shown in Fig. 1, the LP heater 4 is located between the LP heater 3 and the
deaerator. The feedwater enters the LP heater 4 from LP heater 3 and then leaves to
deaerator.

The steam is extracted from intermediate pressure turbine, and the drains from
HP heater 6 are fed to LP heater 4 for heating of feedwater. The drain outlet is sent
to LP heater 3. Each feedwater heater contains one to three separate heat transfer
area or zone. The Design parameters of the feedwater heater are determined by plant
requirement and economics of design. The feedwater heater in this experimental
study consists of two zones—condensing zone and sub-cooling or drain cooling
zone. Low-pressure feedwater heater (LPH-4) is two-zone, vertical, channel down,
U-tube type shell and tube heat exchangerwith a removable shell. Condensate passing
on the tube side with two passes is heated by the extraction steam from turbine exit
on the shell side. The tube bundle of heater is divided into two distinct zones on
the shell side: condensing zone and drain cooling zone. Steam enters the condensing
zone where it is fully condensed. The drain is sub-cooled in the integral drain cooling
zone.

3 Case History of the Previous Failures

The tubes of the previous low-pressure heater were made of ASTM B 395 Alloy
C. Due to the frequent failures in the tube, the tube was plugged to avoid further
performance deterioration. But there is a limit to the number of tubes that can be
plugged, which is approximately 10% of the total number of the tubes.
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The total number of tubes in the heater was 659. More than 10% of the tubes
were plugged. Therefore, the tube material was changed to SA 688 TP 304, and the
performance study of the low pressure with stainless steel 304 is made. The SS 304
shows greater resistance to erosion and corrosion and is immune to ammonia attack
and to ammonia-induced stress corrosion cracking.

3.1 Causes of Tube Failure

The presence of CaSiO2 and Na2FeO2 causes caustic corrosion. Also, due to the
overheating of tube and its rupture, the NaOH in the water causes caustic corrosion
[9]. Tensile test and micro-hardness tests carried out on ASTM SA 210C tubes
showed that ductile mode failure caused the tubes to fail [10]. Farrahi et.al. [11]
investigated the failure of shell and tube heat exchanger due to the plugging of
tubes. To study this, the tubes were inserted with a series of rods and the tube-sheet
failure because the effect of plugging of tubes was investigated by CFD analysis.
The pressure, temperature, stresses and deformations of these tubes were examined.
The stress corrosion cracking is a concern for high-pressure water heater tubes.
When these tubes were exposed to certain environments, they tend to fail. Rao et al.
[12] investigated the high-pressure heater tube made of stainless steel 316L. Also,
different materials with different environmental combinations were used to find the
reason for stress corrosion cracking. The failure of a boiler tube in a petrochemical
plant was studied by Hosseini and Yareiee [13]. The microstructure analysis was
done by optical microscopy, scanning electron microscopy and x-ray diffraction.
The hardness measurements were also done. The results showed that the short-term
overheating has caused the boiler tube to fail. Copper tube failure is due to the
interaction of both the ant net and stress corrosions [14].

3.2 Effects of Tube Failure in the Heater

Normally, the heaters are designed with 10% of excess tubes to take care of tube
failures during life time. If 10% of tube fails, then the velocity will increase due to
throttling at the entry of the tube. This may lead to erosion. Next, the heater outlet
temperature will fail, and the steam requirement for deaeration will increase.

4 Performance Analysis of the Feedwater Heater

The performance of the feedwater can be analysed by comparing the actual perfor-
mance parameters with the computed ones. Power generation systems consisting
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of feedwaters have high complaints on the performance degradation due to the
uncertainties involved in the feedwater systems [15].

4.1 Calculation of Actual Performance Parameters

The parameters for feedwater analysis are terminal temperature difference, drain
cooler approach, temperature rise and pressure rise. The performance of the heater
is said to be deteriorating if the actual values of TTD, DCA and pressure rise are
greater than the computed values. Similarly, the actual temperature rise should be
greater than the computed values for its better working.

The numerical values of the actual performance parameters can be found out by
measuring the pressure and temperature of the feedwater and the steam at inlet and
outlet. The observations were made for a period of 2 h. The minimum and maximum
values of each of the measured parameter are indicated in Table 1.

The actual performance parameters [16] are found using the formula given below.

4.1.1 Terminal Temperature Difference (TTD)

The terminal temperature difference is the difference between the saturation temper-
ature corresponding to the inlet extraction steam pressure to the heater and the outlet
feedwater temperature. It is themajor factor affecting the heat exchanger performance
[6].

TTD = tsat − T2 (1)

4.1.2 Drain Cooler Approach (DCA)

The drain cooler approach is temperature difference between the drain leaving the
shell side of the heater and the entering feedwater on the tube side.

DCA = tod − T1 (2)

Table 1 Observed properties of feedwater and steam at inlet and outlet

Range Feedwater
temperature in °C

Feedwater pressure
in kg/cm2

Steam temperature
in °C

Steam pressure
kg/cm2

Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet

Minimum 113.9 147.2 15.47 15.17 279.1 118.6 4.67 4.64

Maximum 114.6 147.9 16.4 15.7 281.2 119.2 4.77 4.74
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4.1.3 Temperature Rise (TR)

The temperature rise is temperature difference between the feedwater outlet
temperature to the feedwater inlet temperature.

�T = T2 − T1 (3)

4.1.4 Tube Side Pressure Drop

The tube side pressure drop consists of the frictional losses in the tubes, including
inlet and outlet channel losses. It is difference between the feedwater inlet pressure
to the feedwater outlet pressure.

�P1−2 = P1 − P2 (4)

4.2 Calculation of Design Values of Performance Parameters

The design calculations are based on ASME PTC 12.1 [17]. It is mostly widely
accepted for calculating the performance of closed feedwater heater. Based on the
calculations, design values are obtained. Figure 2 shows the comparison of actual
and design values of the four performance parameters.

5 Consequences and Discussion

The main objective of the paper is to highlight the method used to analyse the
performance of closed feedwater heater. Not much studies are foundwhich compares
the actual and design parameters with codes. Here, an attempt is made to find out
whether the feedwater heater is working satisfactorily or not based on the ASME
test codes. The actual performance parameters based on operating variables and
design parameters based on design variables are calculated and compared. It can
be inferred that the performance parameters ( TTD, DCA and �P) calculated from
the observation readings are lower than their corresponding performance parameters
based on the design values (TTD*, DCA*, �P*). The calculated temperature rise is
larger than design temperature rise. For a normal closed feedwater heater, the actual
temperature rise should be greater than the temperature rise based on design values.
The other parameters should be lower than the design values. The above trend is
seen in the feedwater heater under investigation. So it can be concluded that the
low-pressure heater is working under satisfactory condition.
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Fig. 2 Comparison of actual and design values

Nomenclature

T1 Feedwater inlet temperature, oC

T2 Feedwater outlet temperature in °C

P1 Feedwater inlet pressure in kg/cm2

P2 Feedwater outlet pressure in kg/cm2

t1 Steam inlet temperature in °C

t2 Steam outlet temperature in °C

Ps1 Steam inlet pressure in kg/cm2

Ps2 Steam outlet pressure in kg/cm2

tsat Saturation temperature corresponding to the inlet extraction steam pressure to the heater
in °C

tod Temperature of the drain leaving the shell of the heater in °C

TTD Terminal temperature difference in °C

DCA Drain cooler approach in °C

R Temperature rise in °C

�P Pressure drop in N/m2

Exponents

* Computed parameters from design values
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Behaviour of Concrete Structure
Subjected to Open Fire—State of Art

C. Aravindhan and S. Nayannathara

Abstract When the structure is subjected to fire, they undergo deformation and
result in spalling and cracking and final lead to the distortion of the structures.
The study intensifies to improve the prolong time failure of the structure which are
subjected to fire outrage and applies the rehabilitation techniques to improve the life
span of the damaged structure for prolonged time. The retrofitting is applied in order
to improve the brittle failure. In this project, the beam is considered for investigating
purpose and used to examine the beam behaviour before and after exposing to the
fire. The retrofitting techniques are applied over the beam, and their compressive
strength is computed.

Keywords Reinforced concrete structures · Retrofitting techniques · CFRP ·
Fibre-reinforced polymer (FRP) · Rubberized coir fibre sheets (RCFS)

1 Introduction

In the modern world, they are upgrading different technologies. The present trending
and remarkable development in technologies may also lead to different challenges in
the construction field. In this modern world, the fire disasters are arriving as a threat
to structural buildings. The major constituents for fire are fuel, oxygen and heat. The
fire calamities occurring in the building cause damage to the structural elements.
The major reasons for these hazards are volatile materials, electrical equipments,
household appliances and human transgressions. These rationales direct them to
destruction of the structural building. This may also affect the lifelines of living
creatures and wealth losses.

C. Aravindhan (B)
Department of Civil Engineering, Bannari Amman Institute of Technology, Sathyamangalam
638401, Tamil Nadu, India
e-mail: aravindhanc@bitsathy.ac.in

S. Nayannathara
Bannari Amman Institute of Technology, Sathyamangalam 638401, Tamil Nadu, India

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
G. Kumaresan et al. (eds.), Advances in Materials Research, Springer Proceedings
in Materials 5, https://doi.org/10.1007/978-981-15-8319-3_28

255

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8319-3_28&domain=pdf
mailto:aravindhanc@bitsathy.ac.in
https://doi.org/10.1007/978-981-15-8319-3_28


256 C. Aravindhan and S. Nayannathara

2 Literature Review

2.1 Lilly Grace Murali et al. (2014)

It represents the case studies of four fire accidents happened in four different places.
The huge fire disasters occurred in case study, and they have discussed about the
planning of the building and represented the reason for the occurrence of the fire,
materials that feed the fire to the next stages, failure of the structure, reasons behind
the life losses and wealth losses and remedial measure for each building which
are also enumerated in the case study. The major aspect behind the failure of the
structure is improper design of the buildings; the passive and active measurements
are recommended to avoid the failure of the structure.

2.2 J. Gopi Krishnan et al.

The existing reinforced concrete structures need repair works, rehabilitation, because
of deterioration due to various factors like corrosion, lack of detailing, failure of
bonding between beam-column joints, increase in service loads, improper design
and unexpected external lateral loads such as wind or seismic forces acting on a
structure, environment and accident events, etc., leading to cracking, spalling, loss
of strength, deflection, etc. Strengthening of the existing reinforced concrete struc-
tures is necessary to obtain an expected life span and achieve specific requirements.
The need for efficient rehabilitation and strengthening techniques of the existing
concrete structures has resulted in research and development of composite strength-
ening systems. Recent experimental and analytical research has demonstrated that
the use of composite materials for retrofitting the existing structural components is
more cost-effective and requires less effort and time than the traditionalmeans. Fibre-
reinforced polymer (FRP) composite has been accepted in the construction industry
as a capable substitute for repairing and strengthening of RCC structures. Static
load responses of all the beams under two-point load method have been evaluated in
terms of flexural strength, crack observation, compositeness between CFRP fabric
and concrete, and the associated failure modes. The deflections of the beams are
decreased due to full wrapping technique around all the four facets of the beam. The
flexural strength and ultimate load capacity of the beams enhanced due to external
strengthening of beams.

2.3 Poorna Prasad Rao O. L. et al.

This paper offers retrofitting of strengthened concrete beams using rubberized coir
fibre, a herbal laminate, in both flexure and shear that is subjected beneath two-point
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loading. The essential aim of this look is to rehabilitate the structurally deficient
beam and to make it serviceable in each flexure and shear. The beams retrofitted with
rubberized coir fibre sheets (RCFS) are used to make structure green and to repair
stiffness and strength values greater than those of manage beams. Understanding the
reaction of these components all through loading is important to the improvement of
an overall efficient and safe shape. Formation of first cracks, RCFS debonding and
onset of concrete crushing are compared and discussed. Load–deflection conduct,
failure modes and crack propagation patterns are studied notably. The presence of
shear straps to enhance shear electricity has the twin gain of delaying debonding of
RCFS sheets used for flexural strengthening. The check results confirmed that the
stiffness of the RCFS retrofitted beams is significantly increased compared to the
manage beams, and additionally, the deflection of retrofitted beams was decreased
predominantly on the early levels of loading. The closing loads at failure of the
specimen were extended. Instead of replacing the entire structure, it might be better
to go for retrofitting (Figs. 1 and 2).

Fig. 1 Load versus
deflection curve comparison
of RS1 and RS2 with
retrofitted beam
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Fig. 2 Load versus
deflection curve comparison
of RS1 and RS2 with
retrofitted beam
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Fig. 3 Load versus
deflection curve comparison
of RS1 and RS2 with control
beam
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2.4 Liu Ming et al. (2013)

This paper undergoes a study about three-storey industrial building occurred in
January 2010. Reinforcement enlarging section method is enhanced to rectify the
damage caused during fire causalities. Polymer mortar and gules CFRP are also
adopted for strengthening the damaged structural elements. CFRP reinforcement is
provided on each side of the column. Dealing with the ventures building harmed by
fire can give us a decent reference of fixing the comparative enterprises building.
The distinctive harmed individuals were reinforced with various support strategies,
for model shot solid support strategy, utilizing CFRP sheets fortification method,
embedded steel bars with enlarger segment supportive technique and so forth. The
use of an assortment of support strategies arrives at load-conveying limit prerequisite
and expands less asserts (Figs. 3, 4, 5, 6 and Table 1).

3 Conclusions

In the present work, an attempt has been made to optimize the bead profile of
the plasma arc welded BoP weld geometry of Inconel 617 plates using two non-
traditional optimization techniques, namely GA and IWO. The regression equations
obtained with the help of the response surface methodology are used to establish the
objective functions for the study. It is observed that both the optimization methods
are seen to performwith reasonably good accuracy. But the convergence rate of IWO
is faster when compared with GA. The results of optimization also show that IWO
algorithm is found to perform better than GA in terms of both the bead width and
bead height of the BoP weld.
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Fig. 4 Load versus deflection curve comparison of CB cube; orthophthalic resin (GP), epoxy resin
and ISO resin

Fig. 5 Compression strength for M20 in CB cube; orthophthalic resin (GP), epoxy resin and ISO
resin
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Fig. 6 Convergence graphs for a GA and b IWO algorithms

Table 1 Optimal values of the process parameters and their responses

Optimization
method

Welding
current (I)

Welding speed
(N)

Plasma gas
flow rate (G)

Bead width
(BW) in mm

Bead height
(BH) in mm

GA 86.001 300.00 2.296 5.600 1.656

IWO 86.049 300.00 2.298 5.666 1.620
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Risk Assessment of Machining
and Assembly Line in Automotive
Industry

T. Rajpradeesh, M. Saravanamani, R. Manikandan, and P. Venkumar

Abstract In this present digital world, the automotive industries have started
adopting the applications of Industry 4.0. It is an essential backbone of India as
well as most developing countries. The corresponding work processes are involved
in the automotive industry (machining and assembly section) like grinding, milling,
welding, etc.Most of the safety systems are followed in theworkshop floor. However,
someminor ormajor accidents have happened apart from the safety protection system
due to poor maintenance of machining, lack of knowledge, worker awareness, and
unsafe act/conditions. Initially, necessary safety precautions take place to prevent
the injuries and improve the safety culture. The present study analyzes the risks of
industries using the corresponding checklist to identify the hazards. The study has
assessed the risk using risk assessment tool in machining and assembly area. Further,
the results of the study recommend flexible implementation of safety measures with
the existing system.

Keywords Hazard · Risk assessment ·Machining area · Hazard identification and
risk assessment (HIRA)

1 Introduction

In the recent industries’ emerging scenario, though most of the automotive industries
use the process of industry 3.0, some of the companies move to advanced level
with industry 4.0 process. On the one hand, the technology development focuses on
customer satisfaction, requirements and product demand, and on the another hand,
there is a need to protect the employees in the working area. All kind of techniques
aims to protect the workers with many safety measures.

In general, the automotive industry is a huge organization to participate in
various department activities like design, development, manufacturing, marketing
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(distributing) and finally, services. All the above functions are dealt with a different
prominent role. However, in the manufacturing department, the employees face the
safety problem associatedwithmachining and assembly lines. There are a few studies
that consider and eliminate the problem with respective path and solve the problem
from various methods. The study conducted by R. Ramesh et al. reported that assess-
ment tool establishes possible category of hazards in each department. Their proposed
category risks are split up with high and low risks and also recommend possible
control measures [1]. The study of Bambang Suhardi et al. has reported the potential
hazards that occur at the printing industry. Their study recommends the practical
solution to health and safety at the workplace to conduct risk assessment perfor-
mance by using HIRA and HAZOP. The study has categorized with five different
points of view like work attitude, work posture, work procedure, work station and
physical environment. The safety assessment activities have obtained the value from
higher to lower risk category and finally propose a practical solution for the hazards
[2]. Khairul Akmal Shamsuddin et al. have reported HIRA to the determination of
the necessity of control for an operational process at the solar company. The goal
of the study is to achieve “zero accident” with a safe work system recommended by
hierarchy control measures, before that their study evaluates and reviews the risks.
Their findings record the harmful factors of the working environment [3]. John R.
Etherton has investigated the work-related death and safety challenges of employees
who work with machinery. This study has also used a guide to determinate, evaluate,
and reduce risk relevant to machine tool created by international safety standards
ISO14121 followed in the US guidelines associated with identified hazards and risk
assess [4].

Magdalena Mazur has reported the analysis of risks in the marking process of
industries and uses FMEA techniques to calculate RPNnumber, which is used to split
up the category from higher to lower risks. It also compares the existing processing
system control of the workplace by using the guidelines of the standard operating
procedure that is generated by FMEA techniques [5]. The study of Rajpradeesh T.
et al. has investigated and reduced hazards in the workplace. It is related to workers
operation by using HIRA and FMEA and has three main stages of analysis of the
potential hazards. After assessing the risk, their study finally reduces the risk by using
the worksheet data [6]. Faisal, I et al. reported the use of HIRA and conducted the
HAZOP tool using computer. The results obtained by fuzzy computation probability
and likelihood impacts of effective and risk assessment exercise provide the safety
[7]. Paithankar et al. analyze the hazards and address the hazards from the sources
using HIRA techniques. Their study establishes the level of risk and categorizes the
risks like low, medium and high. It proposes the method to reduce risks and develops
the modified work station with safety [8].
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2 Process

The corresponding workflow processes involve in the automotive industry, and each
department is having a significant role in the outcome of the product (Mention Fig. 1).

2.1 Tool Description

i. HIRA

The Control Measures are taken using the HIRA Tool and Identify the Hazards and
Risks in the workplace after that it can be reduced to the Low risk. For that purpose,
HIRA method is used as a step-by-step operation.

HIRA tool reviews may be performed at any process or any operations in the
working area like machining, construction, ongoing operation, installation work,
commissioning or decommissioning and demolition.

A group of field experts typically performs a HIRA study with the qualified staff
on the process, the work activities and the materials. The personnel have the training
on risk assessment methods after applying the control measures (if necessary) with
a possible solutions like elimination, substitution, isolation, administrative control,
engineering control and personal protective equipment.When the study is completed,
it decides to control the measures to implement the corrective action taken from
high-level risks to low-level risks.

A study is suitable for a simple process by single experts—complex process risks
by the multidiscipline team to conduct the risk analysis [9]. Papazoglou et al. have
reported the integrated technical method, which is used to analyze risk management,
and their study has been conducted in chemical installation unit [10].

ii. HIRA Process

The purpose of this work is to identify the hazards and analyze the risks of every
process involved in various activities in the machining line and assembly line and
gives recommendations to reduce or eliminate the risk assessment.

The success of the industry does not only depend on the production but also deal
with the safety of the employees in the working area. While using HIRA action, it
reduces the risks to considerable level.

Fig. 1 Process in the automotive industry
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The step-by-step process of HIRA is explained as follows. It starts from analyzing
various activities, such as field survey, identifying the hazards, analyzing the level
of risk category and controlling the risks. Suhardi et al. have reported an analysis of
the hazards, and their study uses HIRA and HAZOP methods [11].

3 Methodology

3.1 Hazard Identification

Hazard
Themain purpose of hazard identification is to mention the harmful operation or crit-
ical process of tasks. Working area hazards can be identified in several ways. Hazard
identification is a major role and the first step in the HIRA process. The identifica-
tion process is useful for workers to work in a safe zone. The hazard identification
process is conducted to identify all hazards in the working environment. Chinnah
et al. have reported risk conditions that can be reduced using this tool [12]. Erbay
et al. reveal fuzzy and FMEA tools that can be used for risk assessment in Software
Project Applications [13].

Hazards Factors
Generally, hazards can be classified into various types in the workplace;

• Physical hazards (slippery floor, poor lighting, excessive noise, etc.);
• Chemical hazards (chemical solvents, gases, liquids, etc.);
• Electrical hazards (electric shocks, damage switchboard, poor wire connection,

etc.);
• Mechanical hazards (running machinery, rotatory parts, etc.);
• Ergonomics hazards (manual handling, poor design of a workstation, types of

equipment, etc.);
• Height work (ladder, plant top, roof, wall, etc.);
• New workers and visitors.

Hazard Identification Techniques
HIRA methodology considers the following factors/information that will help to
identify the hazards in the worksite/jobs.

• Inspect regularly by walking around the workplace
• Suggestions from employees who have noticed any critical thinks
• Review the previous accident/incident investigation reports.
• Any results of workplace inspections.
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Fig. 2 Information sources

Hazard Identification Sources
Step 1: Classify the work activities

Describe the separate activities in thework stationwith various roof case and different
operations.

Step 2: Information sources (Fig. 2)

Step 3: Checklist preparation

Ensuring of our job has to be done on time with an organization by the checklists,
apart from information sources and techniques to fulfill the HAZID process by the
checklist preparation. The hazards can be identified and assessed from the checklist
by risk methods with respective hazards.

Kiurski et al. have reported that the hazards are registered, and sustainable
development is done by safety tool in printing industry [14].

During the preparation of the checklist, it considers observation of the workplace
environment, observation of work in progress, work in patterns, physical and social
factors, maintaining conditions and basic parameters like date, machine line, oper-
ation number, location, assessed by, checked by, valid by, task/premises, activities,
hazard with Yes or No option, etc.

3.2 Risk Assessment

Risk
Risk is the uncontrolled loss; it leads to potential incidents and causes injury. Jacxsens
et al. have reported risk assessment done by quantitative-based challenge [15]. The
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Authors that they are Reviewed the Land-Use Palnning Risk assesment in Four
ways they are follow as Before the work carried out, After the work carried out and
Upcoming the Future Conditions [16].

Risk Assessment

• Analyze and evaluate the risk assessment with hazards after identifying the
hazards and risk factors (potential to cause harm);

• The risk assessment can help to assess the risk levels like high, medium and low
from identifying the problems in the operations.

• Risk assessment helps to provide information on the consequence and likelihood
of harm by the hazards.

• A combination of consequence and likelihood rate can be decided on risk
assessment.

Risks Rating

• One of the easy ways to assess the risk by risk rating method is to rate the assess-
ment of risk as high, medium or low—based on how likely causes harm and how
serious harm it is. It is called risk rating.

• This method is used to evaluate the risk level by Risk Priority Number (RPN) for
each hazard.

Risk Rating(Risk score) = Severity rate× Probability rate

A. Severity Rate

• Severity means “HOW SERIOUS” hazardous to peoples.
• How serious harm from hazard was realized in severity.
• Severity is based on the increasing level of consequence to an individual safe,

health and environmental or property.
• Severity defines as the effect on the person either injury or ill health.
• Severity rating from a minor loss to death is divided into five different

categories.
• The severity rating is mentioned in the following Table 1.

B. Probability Rate

• Probability means “HOW LIKELY” the event occurs.
• Likelihood deciding how likely harm occurs from a hazard.
• Factors considering in likelihood include the number of times the situation

occurs, duration of exposure and frequency.
• Likelihood can divide into five categories from rare cases to most likely.
• Probability of rate is mentioned in the following Table 2.
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Table 1 Severity rating

Severity Meaning Rating

Extreme Multiple death
Destroyed property damaged

5

Major Major property damage
Fatal
Burn injury

4

Moderate Fracture
Serious injury
Permanent disability (Non-fatal)

3

Minor Minor incident
Not permanent injury

2

Negligible Little consequence
First aid injury

1

Table 2 Probability rating

Probability Meaning Rating

Most likely Very high probability of damage (constant exposure) event is realized. 5

Likely High probability of damage(frequent exposure) not unusual 4

Possible Moderate probability of damage (occasional exposure) occurs sometimes
in the future.

3

Unlikely Low probability of damage(exposure) occurs after many years 2

Rare Very low probability of damage (no reported) is never occurred 1

C. Risk Matrix

Corresponding severity and probability rating multiplication of value need to be
considered as final risk assess value, and it is also categorized as four classes, such
as low, medium, high and very high. Based on the hazards and risk present, the
workplace will be analyzed and evaluated by risk matrix. Risk matrix level is given
in Tables 3, 4 and 5.

3.2.1 Risk Analysis

• Table 6 shows the categories of risk level based on the risk assessment worksheet
• Table 7 mentions the corrective action plan of the workplace based on the risk

score from the worksheet.
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Table 3 Risk matrix
PROBABILITY 

RATE
SEVERITY RATE 

Negligible 
1

Minor 
2

Possible 
3

Major 
4

Extreme 
5

Most likely 
5

Medium  
5 

High 
10 

High 
15 

Very high 
20 

Very high  
25 

Likely 
4

Medium  
4 

Medium  
8 

High 
12 

High 
16 

Very high  
20 

Possible 
3

Low  
3 

Medium  
6 

Medium  
9 

High 
12 

High 
15 

Unlikely 
2

Low  
2 

Medium  
4 

Medium  
6 

Medium  
8 

High 
10 

Rare 
1

Low  
1 

Low  
2 

Low  
3 

Medium  
4 

Medium  
5 

4 Control Measures

It is a process of elimination or reduction of hazards due to risks in the workplace or
equipment. Hazards should be controlled by a hierarchy of control techniques to the
risks.

The control measures is the final step in HIRA that deals with determining and
implementing appropriate measures to control risk [9] (Fig. 3).

Evaluation: Hierarchy of control step is used for checking after the introduction of
changes related to hazards and risk factors from the previous one.

Implementation: As discussed as in risk matrix chapter, (Table 5.1) very high risk
action takes in urgent based on that very high risk is controlled at first (Table 8).

5 Result and Discussion

A. Risk Level
B. Implementation

From Fig. 4, the HIRA tool risk score displays low, medium, high and very high
risks based on the risk matrix table corresponding to severity and probability. The
low risk represents the workplace as it is a safe category, whereas the medium risk
causes small and minor injury of workplace. However, the high risk causes a major
injury to the workers in all of the above workplace taken into assessments. Very
high risk causes the major probability of accidents in the workplace. In these HIRA
Tool, it can inferenced the Grooving Operations Represents Medium amount of Risk
can be Present in the workplace during before the Changes can be Implemented in
that workplace. The three processes of workplaces are at a very safe level—brake
chamber, valve and crank chamber.

From Fig. 5, it represents initial score and actual score during HIRA on machine
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Table 4 Machining line worksheet (risk assessment worksheet)

safety. The initial score is taken before control measures, and the actual score is taken
after completion of HIRA study. While comparing both, the actual score is less than
the initial score. From the results, it is observed that after HIRA study, the hazards
will be minimized.
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Table 5 Assembly line worksheet

Table 6 Category of risks level
Value Stream 

Plant 1 
Low Risks Medium Risks High Risks 

Very high 
Risks 

No.of Risk 
Assessed  

Machining line 3 5 5 5 18 
Assembly line 3 4 6 2 15 

TOTAL 6 9 11 7 33 
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Table 7 Corrective action plan
RISK DESCRIPTION ACTION 

20-25 Critical A  risk identifies as Very high, urgent action to control the hazards  
Action taken must be recorded. 
Should be monitor daily. 
Notification to senior executives includes plant heads. 

10-16 Serious A  risk identifies as  high, immediate action to control the hazards  
Action taken must be recorded. 
Should be monitor weekly. 
Notification to senior manager 

4-9 Moderate A risk identifies as a medium, controls the hazard and applies 
temporary measures. 
Action taken must be recorded. 
Must be monitor and review monthly. 

1-3 Minimal A risk identifies as low risk and considers as an acceptable level 
Little or no impact  
Should be monitor on quarterly  
No explicit action is required. 

Fig. 3 Hierarchy controls

6 Conclusion

The consolidated risk score of each activity can be minimized using the HIRA tool
in the automotive industry manufacturing process. All the workplaces are monitored
intensely and assessed the risk before implementation and after implementation.
From that HIRA tool, it identifies serious potential hazard that causes severe injury
in all the process. The work checklist has been prepared based on machining line and
operating line. Those checklists have been used for the HIRA tool. It is done based
on the risk assessment comparison like before and after the implementation of the
tool. The HIRA tool is found to minimize the hazards through the implementation
of control measures provided by the tool.
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Table 8 Implementation of HIRA

M
L 

Tri stop 
flange  

Marking  20 Declaiming Sensor 
not in working 

4 5 20 Very 
high 

To stop  the work 
and put the tag 
system and service 
the sensor problem 
by engineering 
control  

1 1 1 Low 

M
L 

E6 valve Leak test 50 Emergency button 
broken 

5 5 25 Very 
high 

Stop the machine 
and service by the 
maintenance 
department to 
change the new 
button. 

1 2 2 Low 

M
L 

Crankshaft High pressure  

Washing  

140 Presence of 
manual mode 
operation 

4 5 20 Very 
high  

The maintenance 
team has to act and 
cut of the manual 
mode in   the control 
panel by elimination  

1 2 2 Low  

M
L 

DDSBA Hub Grooving  20 Absence of CLIA 
check sheet past 2 
days 

5 4 20 Very 
high 

Prepare Check sheet 
includes all safety 
point of view 
inspection and 
implemented by line 
in charge  

2 2 4 Medium 

A
L 

Brake  
Chamber  

Clamp ring 
assembly  

30 Absence of front 
movement 
guarding 

5 4 20 Very 
high 

Provide the safety 
guard on the front of 
the machine by 
engineering control 

1 2 2 Low 

A
L 

DDSBA 1 Fork 
assembly  

180 sharp edges on 
machines 

5 4 20 Very 
high 

To remove the parts 
or replace them with 
a normal corner 
surface to that place. 

1 1 1 Low. 

ML-Machining line l  AL-Assembly line l  S-Severity l P-Probability l M –Risk matrix Score. 

Fig. 4 Risk level
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Fig. 5 Risk assessment
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Machining of Metal Matrix Composite
Using Abrasive Water Jet Machine

E. Soundrapandian, A. Tajdeen, K. Kamal Basha, and P. Vivekkumar

Abstract Abrasive water jet machining (AWJM) is one of the unconventional
machining processes, inwhich thematerial is removed by the impact of high-pressure
water, along with entrained abrasives. The input parameters involved in the AWJM
system are water jet pressure, abrasive flow rate, orifice diameter, nozzle diameter,
particle size of the abrasive, abrasive type, etc. Metal matrix composites (MMC)
are widely used in the industries such as automobile, defense and aerospace. This
work is an attempt to study on machinability of aluminum alloy 7074 (Al 7074)
reinforcement with 10% silicon carbide (SiC) particulate. AWJM experiments were
conducted on trapezoidal-shaped metal matrix composite by varying abrasive mesh
size, abrasive flow rate, water jet pressure and traverse rate to obtain higher mate-
rial removal rate, depth of cut and better surface finish. The experiments are carried
out based on response surface methodology (RSM) designed using Box–Behnken
method for four parameters into three levels.Using response surface graph, the signif-
icant AWJM machining parameters and their levels are identified to achieve higher
material removal rate, depth of cut and better surface finish.

Keywords Abrasive water jet machining · Metal matrix composite ·
Machinability · Response surface methodology

1 Introduction

In abrasive water jet machining, kerf top width and taper angle were influenced by
the parameters such as transverse speed, standoff distance and mass flow rate [1].
The standoff distance has a predominant influence on the workpiece quality, and
also the RMS and ACS values are lower when machining lower thickness work-
piece [2]. In order to evaluate the Ra on the machined surface of MMC, increased
in Ra value was observed due to increase in water jet pressure [3]. In the cases
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of slot cutting and piercing in MMC, the kerf taper will increase with increase in
transfer rate and particle size but in the case of piercing kerf taper increases with
increase in standoff distance [4]. On varying the abrasive mass flow rate, abrasive
mesh size and jet impact angles on MMC found that erosion rate increases with
increase in jet impact angles [5]. In machining of MMC, the depth of cut is higher
when the mesh size is lesser due to lesser kinetic energy of the smaller size aggregate
[6]. The machining aspects of MMCs were carried out in various non-conventional
machining processes such as EDM, laser cutting and AWJM; in AWJM the mech-
anism of material removal was observed as ductile shearing and also there were no
thermal damage and burr formation in the AWJM [7]. The process parameters of
AWJM greatly influence its machining performance. It is widely classified into four
types, namely [8] abrasive parameters: abrasive mass flow rate, abrasive size distri-
bution, abrasive particle shape, diameter and hardness, etc.; [9] cutting parameters:
standoff distance, impact angle, number of passes, traverse rate, etc.; mixing chamber
and acceleration parameters: focusing nozzle length, focusing nozzle inside diam-
eter, etc., and [10–12] hydraulic parameters: water flow rate, pump pressure, orifice
diameter, etc. Each of these parameters has been investigated by several researchers
using experimental trials and their optimum values have been found. These values
become indispensable when one advances toward conditionmonitoring [13]. For any
process to be completely automated and monitored, an in-depth understanding of the
interaction between the machine, workpiece and tool is required. Hence, condition
monitoring of AWJM is of primary importance for full automation. Condition moni-
toring is the continuous/periodic verification of few or all parameters of the system. It
is usual to make sure that all system components are performing in close agreement
to the optimum level or as a fault detection system [14, 15]. A comprehensive review
on major research activity carried out so far by several researchers on condition
monitoring of AWJM is also discussed here.

2 Experiment Details

2.1 MMC Casting Procedures

An electric furnace is used for preheating the reinforcements, and electric resistance
furnace is used for melting the matrix material. MMCs are made by liquid-state stir
casing process. The stir casting furnace is used for preheating the reinforcement of
Si at the temperature of 700 °C. The trapezoid-shaped die is used for preparing the
workpieces. The size of the workpieces is 10 mm diameter rods. Casted component
(Al7074 alloy with 10% of SiC) is a poured in trapezoid-shaped die.
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Fig. 1 Optical micrographs
of MMCS

a)Al 7074 + 10% SiC b)Al 7074 + 10% SiC

2.2 Microstructure

To study the microstructure of the specimens, they were cut and prepared as per the
standard metallographic procedure. The specimen plates were prepared by grinding
through600mesh size grit abrasives.Velvet clothwas polished byusing 240, 400, 600
and 1000 mesh size to get the fine surface finish. After that specimens were further
polished by using Nital reagent (etched). All these specimens were kept in dry air.
The microstructure etched specimens were observed using optical microscope. The
presence of SiC in the composites materials has been identified using microscope
images capturedwith (DewinterMetallurgicalMicroscope). It is observed fromFig. 1
the uniformdistribution of SiC particles. This can be attributed to the effective stirring
action and the use of appropriate process parameter.

2.3 Response Surface Methodology (RSM)

In this technique, the main objective is to optimize the response surface that is influ-
enced by various process parameters. RSM also quantifies the relationship between
the controllable input parameters and the obtained response surfaces.

If all variables are assumed to be measurable, the response surface can be
expressed as follows:

Y = f (X1, X2, . . . , Xn)

where

Y is the answer of the system and is the variable of action called factors.

The goal is to optimize the response variable y. In this work, the response y is MRR
and Ra.
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Fig. 2 Box–Behnken design

2.4 Box–Behnken Design

In this study, the Box–Behnken experimental design was chosen for finding out
optimized WEDT parameters and regression equations which gives the relationship
between the response functions (MRR and Ra) and variables pulse on time, voltage,
spindle speed and pulse off time. Box–Behnken design is rotatable second-order
designs based on three-level fractional factorial designs. The geometry of a Box–
Behnken design is shown in Fig. 2.

Reason for the selection of Box–Behnken design over central composite design
is for fewer no. of input factors (here four) and lesser no. of experiments are required
than central composite design.

2.5 Level Input Parameter Using RSM

See Tables 1 and 2.

3 Result and Discussion

See Table 3.

Table 1 AWJM input parameters

S. No. Description Low Medium High

1 Water jet pressure (MPa) 124 200 274

2 Abrasive flow rate (g/min) 240 340 440

3 Abrasive mesh size (#) 80 100 120

4 Traverse speed (mm/min) 60 90 120
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Table 2 Observation results

S. No. Abrasive
mesh size
(#)

Abrasive
flow rate
(g/min)

Water jet
pressure
(Mpa)

Traverse
rate
(mm/min)

Metal
removal
rate
(mm3/min)

Depth
of cut
(mm)

Kerf
tapper
angle
(°)

Surface
roughness
(µm)

1 80 240 200 90 677 20.04 0.1 4.067

2 120 240 200 90 491 14.44 0.2 3.047

3 80 440 200 90 844 24.03 0.0 3.647

4 120 440 200 90 423 14.4 0.1 2.32

4 100 340 124 60 410 18.24 0.1 2.708

6 100 340 274 60 422 23.18 0.1 3.294

7 100 340 124 120 402 11.14 0.2 3.479

8 100 340 274 120 409 11.3 0.3 3.377

9 80 340 200 60 424 23.27 0.2 3.383

10 120 340 200 60 230 10.2 0.2 3.032

11 80 340 200 120 423 9.4 0.4 2.367

12 120 340 200 120 414 9.21 0.4 2.44

13 100 240 124 90 440 13.33 0.2 3.969

14 100 440 124 90 442 13.39 0.1 2.397

14 100 240 274 90 444 13.14 0.2 3.439

16 100 440 274 90 443 16.1 0.2 3.012

17 80 340 124 90 400 14.82 0.2 3.424

18 120 340 124 90 374 11.1 0.2 3.27

19 80 340 274 90 447 16.2 0.1 3.449

20 120 340 274 90 343 10.14 0.2 2.647

21 100 240 200 60 333 14.8 0.1 3.114

22 100 440 200 60 340 14.1 0.2 3.197

23 100 240 200 120 371 8.24 0.4 2.716

24 100 440 200 120 619 13.76 0.4 3.447

24 100 340 200 90 474 14.06 0.3 4.727

26 100 340 200 90 491 14.44 0.3 2.342

27 100 340 200 90 491 14.44 0.2 2.444

28 100 340 200 90 407 14.03 0.2 3.146

29 100 340 200 90 491 14.44 0.3 3.889

3.1 Response Surface Methodology

See Fig. 3.
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Table 3 Box–Benkhen L29 I/O parameter

S. No. Abrasive
mesh size
(#)

Abrasive
flow rate
(g/min)

Water jet
pressure
(MPa)

Traverse
rate
(mm/min)

Metal
removal rate
(mm3/min)
Al + 10%
SiC

DoC
(mm)

Surface
roughness
(µm)

1 80–120 240–440 125 60 647.448 22.354 2.21

2 80–120 240–440 200 60 630.845 25.919 2.21

3 80–120 240–440 275 60 615.327 28.701 2.42

4 80–120 240–440 125 90 457.579 19.080 2.51

5 80–120 240–440 200 90 591.829 21.447 2.59

6 80–120 240–440 275 90 626.155 23.032 2.72

7 80–120 240–440 125 120 381.547 13.961 2.68

8 80–120 240–440 200 120 527.505 15.131 2.58

9 80–120 240–440 275 120 590.015 15.518 2.29

10 80–120 240 125–275 60 631.011 25.391 2.84

11 80–120 340 125–275 60 612.223 26.076 2.59

12 80–120 440 125–275 60 624.928 28.701 2.21

13 80–120 240 125–275 90 521.571 17.157 2.75

14 80–120 340 125–275 90 558.8 19.105 2.73

15 80–120 440 125–275 90 627.376 23.032 2.51

16 80–120 240 125–275 120 373.165 11.601 2.21

17 80–120 340 125–275 120 466.296 11.436 2.36

18 80–120 440 125–275 120 590.015 15.518 2.54

19 80–120 240 125 60–120 586.69 21.934 3.30

20 80–120 240 200 60–120 630.845 24.054 2.75

21 80–120 240 275 60–120 534.283 25.391 2.21

22 80–120 340 125 60–120 534.023 21.174 2.59

23 80–120 340 200 60–120 609.134 24.017 2.58

24 80–120 340 275 60–120 584.321 26.076 2.36

25 80–120 440 125 60–120 503.117 22.354 2.21

26 80–120 440 200 60–120 609.575 25.919 2.23

27 80–120 440 275 60–120 627.851 28.701 2.42

28 80 240–440 125–275 60 631.011 28.701 2.55

29 100 240–440 125–275 60 393.444 20.192 2.37

30 120 240–440 125–275 60 192.263 13.482 2.21

31 80 240–440 125–275 90 627.376 22.853 2.98

32 100 240–440 125–275 90 467.009 17.651 2.97

33 120 240–440 125–275 90 343.035 13.507 2.53

(continued)
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Table 3 (continued)

S. No. Abrasive
mesh size
(#)

Abrasive
flow rate
(g/min)

Water jet
pressure
(MPa)

Traverse
rate
(mm/min)

Metal
removal rate
(mm3/min)
Al + 10%
SiC

DoC
(mm)

Surface
roughness
(µm)

34 80 240–440 125–275 120 590.015 15.518 2.77

35 100 240–440 125–275 120 537.946 13.669 2.67

36 120 240–440 125–275 120 521.431 13.311 3.37

37 80 240–440 125 60–120 586.69 22.354 2.56

38 100 240–440 125 60–120 367.856 16.601 2.41

39 120 240–440 125 60–120 381.547 13.211 2.12

40 80 240–440 200 60–120 630.845 25.919 3.24

41 100 240–440 200 60–120 497.521 18.138 2.81

42 120 240–440 200 60–120 498.8 13.389 2.22

43 80 240–440 275 60–120 627.851 28.701 2.87

44 100 240–440 275 60–120 537.441 20.192 2.67

45 120 240–440 275 60–120 516.13 13.518 2.31

46 80 240 125–275 60–120 631.011 25.391 2.78

47 100 240 125–275 60–120 397.42 18.892 2.71

48 120 240 125–275 60–120 364.411 13.482 2.23

49 80 340 125–275 60–120 612.298 26.076 3.43

50 100 340 125–275 60–120 428.849 18.572 2.92

3.2 Analysis of MRR for Al 7075 + 10% SiC

Table 3 (S.No. 1–9) indicates thatMRRvalues are achieved by varying abrasivemesh
size (#80–#120) and abrasive flow rate (240–440 g/min), while water jet pressure and
traverse rate are varied at different levels of combinations. Among the combinations,
it is observed that high water jet pressure and low traverse rate result in high MRR of
647 mm3/min. From the analysis (Table 3, S. No. 1–54 and Fig. 4), it is observed that
the combinations of input process parameter and their levels such as low abrasive
mesh size, high abrasive flow rate, high water jet pressure and low traverse rate result
in highMRR( 648mm3/min) for Al 7075+ 10%SiC. It is observed that higherMRR
is achieved with size (#80) and lower MRR is achieved with size (#120). Due to the
fact that smaller size of abrasive is likely to possess lesser kinetic energy than resulting
in lower MRR, higher size of abrasive is likely to possess higher kinetic energy than
resulting in higher MRR.
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a) Mesh size Vs Abrasive flow rate b) Mesh size Vs Waterjet pressure

c)  Mesh size Vs Traverse rate d) Abrasive flow rate  Vs Water jet 
      pressure

e) Traverse rate Vs Abrasive flow rate f)  Traverse rate Vs Water jet  pressure 

Fig. 3 Response surface of MRR (Al 7075 + 10% SiC) for various combinations

The relationship between the input process parameter and the response (MRR)
for MMC is expressed in the form of regression equation, and it is given below.

MRR Al 7075 + 10% SiC = +3977.58 − (28.00 ∗ MS) − (5.43 ∗ AFR)

+ (4.98 ∗ WP) − (24.21 ∗ TR) − (8.14E − 003 ∗ MS ∗ AFR)

− (0.030 ∗ MS ∗ WP) + (0.25 ∗ MS ∗ TR) + (8.25E − 004 ∗ AFR ∗ WP)

+ (0.031 ∗ AFR ∗ TR) + (0.025 ∗ WP ∗ TR) − (0.015 ∗ MS2)

+ (3.42E − 003 ∗ AFR2) − (0.015 ∗ WP2) − (0.079 ∗ TR2)
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e) Traverse rate Vs Abrasive flow rate f) Traverse rate Vs Water jet pressure 

a) Mesh size Vs Abrasive flow rate b) Mesh size Vs Water jet pressure 

c)  Mesh size Vs Traverse rate d) Abrasive flow rate  Vs Water jet 
       pressure

Fig. 4 Response surface of DoC (Al 7075 + 10% SiC) for various combinations

3.3 Analysis of DoC for Al 7075 + 10%SiC

Table 5 (S. No. 1–9) indicates that DOCvalues are achieved by varying abrasivemesh
size (#80–#120) and abrasive flow rate (240–440 g/min), while water jet pressure and
traverse rate are varied at different levels of combinations. Among the combinations,
it is observed that high water jet pressure and low traverse rate result in high DOC
of 29 mm (Table 3 S. No. 3). Due to the fact that smaller size of abrasive is likely
to possess lesser kinetic energy than resulting in lower DOC, higher size of abrasive
is likely to possess higher kinetic energy than resulting in higher DOC. Similarly,
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Table 4 Analysis of variance table for MRR (Al 7075 + SiC 10%)

Source Sum of squares df Mean square F value p-value prob >
F

Model 368.628 14 26.3302 3.209775 0.0184 Significant

A-abrasive-e
mesh

120.7771 1 120.7771 14.72329 0.0018

B-AFR 18.1548 1 18.1548 2.213155 0.1590

C-water
pressure

5.400208 1 5.400208 0.658311 0.4307

D-reverse
rate

145.0465 1 145.0465 17.68185 0.0009

AB 4.0401 1 4.0401 0.492507 0.4943

AC 1.357225 1 1.357225 0.165452 0.6903

AD 41.4736 1 41.4736 5.055826 0.0412

BC 2.088025 1 2.088025 0.25454 0.6217

BD 6.786025 1 6.786025 0.827248 0.3785

CD 5.736025 1 5.736025 0.699248 0.4171

A2 1.812327 1 1.812327 0.220931 0.6456

B2 6.101038 1 6.101038 0.743745 0.4030

C2 0.993775 1 0.993775 0.121146 0.7330

D2 5.522035 1 5.522035 0.673162 0.4257

Residual 114.8438 14 8.20313

Lack of Fit 114.3733 10 11.43733 97.23971 0.0002 Significant

Pure Error 0.47048 4 0.11762

Cor Total 483.4666 28

it is observed that increased water jet pressure and decreased traverse rate lead to
increased DOC and further observed that increases in abrasive flow rate and abrasive
particle size result in higher DOC.

3.4 Analysis of Surface Roughness for Al 7075 + 10% SiC

Table 6 (S. No. 1–9) indicates that fine surface finish values are achieved by varying
abrasive mesh size (#80 – #120) and abrasive flow rate (240–440 g/min. From the
analysis (Table6, S. No. 1–54 and Fig. 5), it is observed that the combinations of
input process parameter and their levels such as low abrasivemesh size, high abrasive
flow rate, high water jet pressure and low traverse rate result in better surface finish
(2.1µm) for Al 7075+ 10%SiC. Due to the fact that smaller size of abrasive is likely
to possess lesser kinetic energy than resulting in better Surface finish, higher size
of abrasive is likely to possess higher kinetic energy than resulting in better surface
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Table 5 Analysis of variance table for DoC (Al 7075 + SiC 10%)

Source Sum of squares df Mean square F value p-value Prob >
F

Model 368.6228 14 26.3302 3.209775 0.0184 Significant

A-abrasive
mesh

120.7771 1 120.7771 14.72329 0.0018

B-AFR 18.1548 1 18.1548 2.213155 0.1590

C-water
pressure

5.400208 1 5.400208 0.658311 0.4307

D-reaverse
rate

145.0465 1 145.0465 17.68185 0.0009

AB 4.0401 1 4.0401 0.492507 0.4943

AC 1.357225 1 1.357225 0.165452 0.6903

AD 41.4736 1 41.4736 5.055826 0.0412

BC 2.088025 1 2.088025 0.25454 0.6217

BD 6.786025 1 6.786025 0.827248 0.3785

CD 5.736025 1 5.736025 0.699248 0.4171

A2 1.812327 1 1.812327 0.220931 0.6456

B2 6.101038 1 6.101038 0.743745 0.4030

C2 0.993775 1 0.993775 0.121146 0.7330

D2 5.522035 1 5.522035 0.673162 0.4257

Residual 114.8438 14 8.20313

Lack of Fit 114.3733 10 11.43733 97.23971 0.0002 Significant

Pure Error 0.47048 4 0.11762

Cor Total 483.4666 28

finish. Similarly, it is observed that increasedwater jet pressure anddecreased traverse
rate lead to better surface finish, and further observed that increases in abrasive flow
rate and abrasive particle size result in better Surface finish.

4 Conclusion

In this present work, an attempt is made to investigate the material removal rate,
depth of cut and surface roughness of AWJM, for various input parameters. In this
study, aluminum alloy (AL7075) is reinforced with 10% SiC by using stir casting
process. The experiments are conducted using RSMwith Box–Behnken design. The
signification AWJM process parameters and their levels are identified for achieving
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Table 6 Analysis of variance table for surface roughness

Source Sum of squares df Mean square F value p-value Prob >
F

Model 2.938214 14 0.209872 0.434522 0.9346 significant

A-abrasive
mesh

1.198272 1 1.198272 2.480917 0.1376

B-AFR 0.449694 1 0.449694 0.931052 0.3510

C-water
pressure

0.000533 1 0.000533 0.001104 0.9740

D-reverse
rate

0.052404 1 0.052404 0.108498 0.7467

AB 0.026732 1 0.026732 0.055347 0.8174

AC 0.107912 1 0.107912 0.223423 0.6437

AD 0.044944 1 0.044944 0.093053 0.7648

BC 0.273006 1 0.273006 0.565235 0.4646

BD 0.14402 1 0.14402 0.298181 0.5936

CD 0.118336 1 0.118336 0.245004 0.6283

A2 0.155436 1 0.155436 0.321816 0.5795

B2 0.000167 1 0.000167 0.000346 0.9854

C2 0.004624 1 0.004624 0.009574 0.9234

D2 0.364878 1 0.364878 0.755447 0.3994

Residual 6.761939 14 0.482996

Lack of Fit 2.893358 10 0.289336 0.299165 0.9446 Significant

Pure Error 3.868581 4 0.967145

Cor Total 9.700153 28

higher MRR, DoC and fine surface roughness. This investigation revealed the choice
of #80 mesh size garnet for achieving the higher MRR of AWJM in Al7075 + SiC.
MMCs can depend on the size of SiC particulate in MMCs. Hence, the combinations
of input process parameter and their levels are recommended for higher MRR from
the analysis of optimal value that are abrasive mesh size (#80), abrasive flow rate
(440 g/min), water jet pressure (275 MPa) and traverse rate (60 mm/min), and the
minimum MRR can be achieved by high abrasive mesh size (#120), abrasive flow
rate (240 g/min), water jet pressure (125 MPa) and traverse rate (120 mm/min).
Similarly, higher DoC is achieved with size (#80) and lower DoC is achieved with
size (#120). Due to the fact that smaller size of abrasive is likely to possess lesser
kinetic energy than resulting in lower DoC, higher size of abrasive is likely to possess
higher kinetic energy than resulting in higher DoC. Similarly, it is observed that
increased water jet pressure and decreased traverse rate lead to increase DoC, and
further observed that increases in abrasive flow rate and abrasive particle size (µm)
result in higher DoC. It is observed that better surface finish is achieved with size
(#80), and rough surface finish is achieved with size (#120). Due to the fact that
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a) Mesh size Vs Abrasive flow rate b) Mesh size Vs Waterjet pressure 

c) Mesh size Vs Traverse rate d) Abrasive flow rate Vs Waterjet pressure

e) Traverse rate Vs Abrasive flow rate f) Traverse rate Vs Waterjet pressure 

Fig. 5 Response surface of surface roughness (Al 7075 + 10% SiC) for various combinations

smaller size of abrasive is likely to possess lesser kinetic energy than resulting in
better surface finish, higher size of abrasive is likely to possess higher kinetic energy
than resulting in better surface finish. Similarly, it is observed that increased water jet
pressure and decreased traverse rate lead to better surface finish, and further observed
that increases in abrasive flow rate and abrasive particle size result in better surface
finish.
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Design and Automation of Shell Facing
Machine

A. Tajdeen, E. Soundrapandian, E. Sakthivelmurugan, S. Nachimuthu,
P. Dinesh, and S. Praveenkumar

Abstract As production industries strive to remain competitive, they are also
seeking to improve efficiency. Today’s manufacturing environment has pushed
companies into a constant search for improved production and better management.
Each company needs a unique product flow. The flowdepicts each step a product goes
through from start to finish. Every conservation is one of the most important factor
considerations of each and every production industries. In the production industries,
the operations are carried out by different methods. It is used for the purpose of
increased productivity, improved the working more safety to operators reduction in
power consumption. In valve stem seals production industries, after pressing, lathe
is used for shell facing operation. The objective is to reduce the time consumption,
fatigue of laboratory our and manual work. In the existing process of companies,
the shell is loading, unloading, and facing manually in lathe. By the design of the
new machine, the productivity could be improved and so the production target could
be achieved easily. For that, we designed fully automated machine for shell facing
process. Production is increased and man power is reduced; those man powers are
effectively used for other process.

Keywords Shell facing · Automation · Sheet metal pressing · Fatigue ·Manual
work

1 Introduction

In the assembly, components such as punches and dies, automotive components,
precision tools, valve body, etc., require high accuracy and precision. So, to meet
these requirements, lead to introduction of semi-automatic and automatic machines.
In conventional CNC lathe, the piezoelectric-based fast tool servo was mounted in
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sameCNC lathes turrets for precision turning operation. The conventional CNC lathe
is used to semi-turning on a shaft and piezoelectric-based fast tool servo is used to
finish turning which is mounted on the same CNC lathe’s turret. During cutting,
cutting force disturbances were compensated by sliding mode controller [1]. The
simple and compact design features are used for solid flexures to transmit motion
from a high voltage piezo-stack actuator to single-axis piezo-based fast tool servo
turning tool assembly. Finite element analysis models and analytical of the flexures
were designedwith actuator that has a 38µmstroke, 370N/µmstiffness, and 3200Hz
natural frequency. Cutting force disturbances and piezo-ceramic nonlinearity during
step turning, taper turning, and profile turning are machined to verify the control
commend [2].

Nowadays, complex shape products required high precision and accuracy. So
products can be produced by latest technology machines. In our country, there are
many conventional lathe machines in idle condition. By retrofitting methodology,
these conventional lathe machines were converting into semi-automatic control lathe
machine or automatic control lathe machine. In conversion and changing stages are
required three portions, such as mechanical, electronics, and hydraulic. In initial
stage of retrofitting ball screw in place of lead screw for better accuracy and remove
some unnecessary component like gears for providing space for motors. Hydraulic
circuits installed for cooling purpose and stepper/servo motor for Z and X axis for
efficient operation [3]. All kinds of vehicles are using brake components, for making
brake components required CNC machines but which is very costly compared to a
conventional lathe. Implementing the automation and control in conventional lathe,
we achieve Just in Time (JIT) concept and also increase the productivity. Pneumatic
actuators were used to automate the conventional lathe in very economical manner
[4]. Retrofitting is anticipated benefits include a lower cost investment compared to
purchasing a new machine. In retrofitting, typically includes the repair or replace-
ment of some worn mechanical components such as ball screws, lubrication pumps,
safety interlocks, guards, hoses, belts, and electrical wiring [5]. Lathe machine is
the oldest machine as compare to the all other conventional machines. The drilling
operation can be done using tailstock mechanism of conventional lathe machine [6].
In leveling machine, the exiting laser-based-controlled machine redesigned through
a mechanical design was adapted for automation. Mechanization and automation
works are carried out to improve the operational efficiency of the laser-controlled
land leveling machines and to design a more precise, ergonomic, economical, and
reliable system [7].

The batch production in small- and medium-scale industries, tool, and mold
making was required computer-based shop floor control. To achieve more produc-
tion with high quality, it is necessary to empower the human skills with latest tech-
nology and automation to create synergetic effects [8]. In my work, the shell facing
machine was designed and automated for small size of shells. The detailed process
was explained in this paper.
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Fig. 1 Shell

Table 1 Specification of
shell

S. No. Description Size in mm

1 Outer diameter (OD) 10.2

2 Inner diameter (ID) 6

3 Thickness (t) 2

4 Height (H) 6.6

2 Problem Identification

2.1 Product Description

Many industries manufacture the valve stem seals; it consists of three major compo-
nents, and they are shell, rubber, and springs. To manufacture shell components,
the received raw material sheets are pressed to form the shell component. Varia-
tions in the shell height are corrected by turning in the lathe. However, for smaller
shell components are very tedious and it is difficult to load and unload the shell and
perform manual turning for height correction. To overcome this problem, we have
taken care for ease of manufacturing the component. Figure 1 shows 3D view of the
shell and Table 1 gives the specification of the shell.

2.2 Shell Facing Preparation

Figure 2 shows the various steps involved in the valve stem seals manufacturing. The
pressing operation is the stage 1 process followed by shell facing operation stage
2 which is indicated with red color; this shell facing operation involves loading,
fixing, facing, and unloading. These processes consumes more time because it is a
very small component, so loading and unloading are difficult one. Our objective is
to automate the machine for the shell so that turning process of shells can be done
in a single machine irrespective of the size and it will be a cost effective one.
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Fig. 2 Shell facing operation

3 Existing Methodology

3.1 Conventional Lathe for Shell Facing Operation

In conventional lathe, the pressed shell component was loaded on the lathe by a
manual spring mechanism. Then, the tool is engaged using a lever mechanism and
brought closer to the shell. After turning is over, the lever is disengaged and the tool is
retracted, to unload the shell component. This process steps were repeated. Figure 3
shows the exiting conventional lathe used for shell facing.

Fig. 3 Shell facing lathe
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3.2 Analyzing the Problems in Conventional Lathe

In existing, conventional lathe is modified with manual spring back mechanism
instead of tail stock and lever mechanism added in tool post carriage. So, production
rate is low because it required skilled persons to operate that lathe. The targets are
not achieved because more time consumption and continuous work energy is needed
for operating this lathe.

4 Operational Analysis and Automation

4.1 Automation in Conventional Lathe (Design Trial-1)

Small automation is carried out in lathe tail stock and cross slide by using pneumatic
cylinders.While testing this design, we experienced difficulties in loading as the shell
has to be positioned axially. So we are looking for an alternate design which could
eliminate this loading problem. Figure 4 shows the modified conventional lathe.

Disadvantages

• Skilled operator is needed
• Continuous work energy is needed
• Difficult to the load shell in axially
• Difficult to automate the tail stock
• Impossible to be fully automated.

Fig. 4 Conventional lathe
after retrofitting
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4.2 Shell Facing Machine—New Design for Automation
(Design Trial 2)

After pressing, the shells are put in the vibrator. The function of vibrator is to carry
the work pieces to the shell facing machine. The shell facing machine is controlled
by Programmable Logic Controller (PLC) and it works by receiving the signal from
sensors. The work pieces in the vibrator are brought near the loading gripper one by
one. These jobs are aligned in a row by using the vibration which helps the gripper
to load the work piece easily.

Now, the loading gripper picks the job at the tip of the vibrator then the loading
pillar is raised by the PLC signal. The loading cylinder moves the piston toward the
spindle mounting and it places the job. Then the gripper retracts by the cylinder to its
original position. When the job is loaded in the mounting, the vertical loader senses
the signal and it starts moving down to clamp the job. At this moment, the facing
tool is in forward position and the chamfering tool is in inward position. Now, the
vertical loader holds the job and the facing of the job is done in the retract motion
of the facing tool cylinder. When the facing is done simultaneously, the chamfering
tool chamfers the shell in its forward motion. Now both the operation is finished and
the vertical loader moves upward. As in the initial stage, the facing tool is forwarded
and chamfering tool is retracted. At the same time, the unloading cylinder picks the
shell from the spindle mounting and drops it in the slope which leads to the collecting
tray. Figure 5 shows the automated shell facing machine and Fig. 6 shows detailed
views of automated shell facing machine.

5 Design Specification

5.1 Design Specifications of Automated Machine

The following are the design specifications for the automated machine

• Stroke length for loading cylinder = up to 150 mm
• Stroke length for unloading cylinder = up to 150 mm
• Stroke length for vertical loading cylinder = up to 50 mm
• Stroke length for facing tool cylinder = up to 10 mm
• Stroke length for chamfering tool cylinder = up to 10 mm
• Stroke length for gripper = up to 10 mm.

6 Results and Discussions

While comparing the proposed design to existing methodology, the manpower is
reduced and this leads to increase the production. The comparison is shown as below



Design and Automation of Shell Facing Machine 297

Fig. 5 Automated shell facing machine

6.1 Production Improvements

In the conventional machine, 4000 shell components are produced per shift. But, in
the proposed design more than 6000 components are produced per shift with lesser
manpower. The output of the existing and proposed design is depicted in Fig. 7.

In proposed new design will produce 6000 and more components per shift with
very minimum man power.

6.2 Manpower Reduction

The conventional machine requires continuous manpower to operate the machine.
But, in the proposed design continuous manpower is not required to operate the
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Front View                                                   Side View         

Top view

Fig. 6 Detailed view of automated shell facing machine

Fig. 7 Output chart
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machine. The manpower requirement is only for monitoring and troubleshooting
purposes in the proposed design. The manpower requirement for existing and
proposed design is depicted in Fig. 8.
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Fig. 8 Manpower chart
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7 Conclusion

In conventional machines can be avoided for shell components because of less
production due to time consumption, production target is difficult to achieve, difficult
to reduce manpower, and difficulty in achieving the quality.

In this work, fully automated shell facing machine was designed to reduce the
man power without affecting the productivity. By these automation,

• The cycle time is reduced
• Production rate is increased
• Man power is reduced
• Unskilled operator can work easily
• Easy to operate
• Occupies less space
• The machine was designed with lesser weight.
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Experimental Study of Electrochemical
Micromachining on Titanium
(Ti–6Al–4V) Alloy

P. Vivekkumar, E. Soundrapandian, A. Tajdeen, and T. Prashanth

Abstract Electrochemical machining is an unconventional process where metal
removal takes place due to the action of electrochemical process. ECM is used to
process extremely hard material which is difficult to machine using conventional
machining process. Titanium grade 5 has very good application in aerospace and
medical industry. Performing micromachining operation on titanium is very difficult
using conventional process. Therefore, electrochemical micromachining is done to
perform machining operation with less external force, thus avoiding tool wear. An
attempt has been made in this project to optimize the parameters like voltage, elec-
trolyte concentration and frequency to achieve geometric accuracy and better surface
finish (Ra). Machined material was scanned using microscopic system to measure
conicity and overcut of the drilled hole, and profilometer was used tomeasure surface
roughness of the machined surface to determine the optimum machining parameter.
Taguchi Analysis of Variance was performed to determine each parameter influence
over material removal rate, circularity and overcut of drilled hole. From the above
experimental work, electrolyte concentration plays a vital role among the electrolyte
concentration, voltage and frequency in material removal rate, as acidic nature of
the electrolyte affects the machining/material removal rate. Voltage ranks first in
affecting conicity of the drilled hole among the three input parameters. Optimum
input parameters were determined by carrying out S/N ratio analysis with respect to
MRR and conicity. A linear regression model was developed with respect to devi-
ation occurrence with the mean, which is also simulated with programming tool to
generalize the model development.

Keywords Electrochemical machining · Surface finish · Taguchi · Conicity
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1 Introduction

Micromachining is the process of removing material in micron level of measure-
ment in the form of chips or debris. The various techniques which are employed for
the manufacturing of microproducts are microelectromechanical systems (MEMS).
The manufacturing technique uses photolithography, plating, chemical etching, laser
fabrication and LIGA [1], while non-MEMS-basedmanufacturing process often uses
techniques such as laser drilling, electrical discharge machining (EDM), mechan-
ical machining, laser cutting, electrochemical machining (ECM), laser patterning,
embossing, injection molding, forging, extrusion and stamping [2]. Among the
various capable techniques, electrochemical micromachining (EMM) is considered
for its advantages such as high material removal rate (MRR), and small forces acting
on the workpiece are required as well as low stresses and better accuracy [3, 4].
In electrochemical machining (ECM), metal removal takes place due to the action
of electrochemical process. This kind of machining is preferred for machining hard
materials which cannot be machined using conventional machining process [5]. The
main barrier in implementing this kind of machining process is material which is
electrically conductive and can alone be used [6]. ECMcan be used tomachine small,
intricate contours or cavities in hard, exotic metals and odd-shaped angles such as
titanium aluminides, cobalt Inconel, Waspaloy, rhenium alloys and high nickel [7].

ECM is capable of machining both external and internal geometry. ECM is char-
acterized as reverse electroplating, i.e., it is a subtractive process [8]. Both the ECM
and EDM are similar in their working principle where electric current is allowed
to pass through between an electrode and the part to be machined, due to which
electrolytic material removal process having a negatively charged electrode acts as a
cathode, a dielectric fluid (electrolyte) and a conductive workpiece acts as a anode;
however, in ECM there is no tool wear. MRR is main parameter to evaluate the
efficiency of unconventional machining process [9, 10]. In ECM, the metal removal
occurs due to the atomic dissolution of the workpiece material.

From Faraday’s first law for electrochemical dissolution, the quantity of electro-
chemical dissolution used is directly proportional to the quantity of charge passed
through the electrochemical cell [11]

m ∝ Q, (1)

where m = mass of the material dissolved, and

Q = amount of the charge passed through the electrochemical cell.
From the second law states, the amount of material dissolved further depends on

the electrochemical equivalence (ECE) of the material

m ∝ ECE ∝ A

v
(2)

.
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Fig. 1 Photographic view of the ECMM setup

2 Experimental Setup

Fig. 1 shows the experimental setup of the electrochemical machining. It has a five-
phase step motor with an accuracy of 0.1 µm.

3 Design of Experiments

Taguchi’s L9 orthogonal array was used to carry out in machining, which helps to
determine the optimum and best responsive factor in less number of trials [12, 13].

3.1 Design of Experiment for Ecmm

Steps involved in defining the DOE of our experiments are as follows,

1. Choosing the independent variables,
2. Fixing of orthogonal array,
3. Allocating the independent variables,
4. Experimentation,
5. Analyze the data,
6. Inference.
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Table 1 Process parameters
and its level

Level Process parameters

A (voltage) B (concentration) C (frequency)

1 18 0.05 40

2 19 0.075 60

3 20 0.1 80

3.2 Process Parameter and Its Level

Prior to selecting the orthogonal array, the number of experiments to be conducted
will be defined based on the total number of degrees of freedom. It is found that the
minimum number of experiments to assess the factors be more than the total DOF
available. The number of degrees of freedom related to each factor study is less than
the number of levels available for that factor [14].

Table 1 tabulates the three study parameters and its levels of experiments that are
carried out in this project to determine the high response factor and also the optimum
value.

3.3 Selection of An Orthogonal Array

Orthogonal array requires only a few number of experimental trails to find out the
important factors which has an effect on system output. The minimum number of
experiments to be conducted before selecting orthogonal array to be finalized based
on Taguchi’s Eq. (3)

N Taguchi = 1 +
NV∑

(i=1)

(Li − 1) (3)

N Taguchi = No. of experiments

NV = No. of testing parameters

L = No. of levels

For our work

We take NV = 3 and L = 3

Then will be N Taguchi = 1 + 4(3 − 1) = 9 (4)

From the above calculation, it is found that nine experiments to be conducted
based on orthogonal array (OA) are to be selected which has at least nine rows.
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Table 2 Input parameters for machining

Voltage Concentration (Molar) Frequency (Hz) Duty cycle Pulse Current (A)

ON OFF

18 0.05 40 50 12.5 12.5 4

19 0.05 60 60 10 6.67 4

20 0.05 80 70 8.75 3.75 4

18 0.1 60 70 11.66 4.99 4

19 0.1 80 50 6.25 6.25 4

20 0.1 40 60 15 10 4

18 0.075 80 60 7.5 5 4

19 0.075 40 70 17.5 7.5 4

20 0.075 60 50 8.33 8.33 4

The standard orthogonal arrays which are commonly used in the design of
experiments are as follows:

1. 2-level arrays: L4, L8, L12, L16, L32,
2. 3-level arrays: L9, L18, L27,
3. 4-level arrays: L16, L32.

Input Parameter

Electrochemical micromachining was carried out, following L9 orthogonal array, by
which nine experiments were carried as shown in Table 2.

Voltage and concentration ranges are varied based on the experiments that are
studied over other materials. But, frequency (Hz), duty cycle and pulse on and off
time are interrelated. Another major and influencing input parameter that is varied
in this experiment was electrolyte concentration.

4 Results and Discussions

4.1 Inference from the Experiment

Electrochemical micromachining was performed, and base material was observed
undermicroscope tomeasure diameter to determine the conicity and overcuts. Differ-
ence in weight of the base material was measured to calculate the MRR, and analysis
was carried out using Taguchi to determine the influencing parameter [15].
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Table 3 MRR calculation

Exp. No. Time (s) Initial weight Final Weight Initial wt − Final wt MRR per s (g/s)

1 1224 3.7311 3.5942 0.137 0.000112

2 1083.6 3.4633 3.3108 0.153 0.000141

3 965.4 3.4867 3.4427 0.044 4.56E−05

4 241.2 3.5215 3.4783 0.043 0.000179

5 456.6 3.5789 3.5036 0.075 0.000165

6 223.2 3.5680 3.5300 0.038 0.00017

7 578.4 2.9341 2.9024 0.032 5.49E−05

8 514.8 3.2036 3.1758 0.028 5.41E−05

9 631.8 3.2907 3.2690 0.022 3.45E−05

4.2 Material Removal Rate

MRR is defined as the rate at which material is removed from the workpiece during
machining.

Material removal rate is calculated based on Eq. 5

MRR = Intialweight − finalweight

time
(g/s) (5)

Equation (5) was substituted in the nine experiments to get material removal rate
as shown in Table 3.

Time denotes the time taken to machine or drill single workpiece. From the
overall observation of Table 3, it is clear that MRR moves in increasing trend when
concentration is increased.

4.3 Conicity

Conicity is defined as the degree of straightness of the through hole that was
machined. Conicity is preferred to be zero for effective and straight through hole.
Conicity is explained as shown in Figs. 2, 3 and 4.

Base material was observed under microscope, to measure conicity. Below shown
are the images of the material that was machined using ECMM.
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Fig. 2 Microscopic image (0.05 molar concentration)

Fig. 3 Microscopic image (0.075 molar concentration)

Fig. 4 Microscopic image (0.1 molar concentration)

5 Conclusion

• Base material purchased was tested for its chemical composition, and it is listed
in Table 3. Machining was carried out by which micro-hole was machined.

• It is found that concentration influences the most for MRR, i.e., concentration
influences about 87% and remaining 13% from voltage, frequency and current.

• Voltage and frequency influence the equal percentage in conicity, i.e., equal of
about 40% each.

• Similarly, for overcut, concentration plays a major role, contributing about
78%, by which it is suggested that concentration selection is most important
in electrochemical machining of titanium grade 5.

• In addition to the parameter influenced study, a generalized linear model was
developed based on the response characteristics to the supplied input character-
istic. This process of developing amodelwas simulated using a developer software
tool for L9 orthogonal array with three-level inputs.
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Simulation and Analysis with Material
Optimization of Automobile Suspension
Using Multi-body Dynamic

S. Deepankumar, B. Saravanan, D. Yuvaraj, T. Ramesh Kumar,
M. Sureshkumar, and K. Vinoth Simmon

Abstract Suspension system is considered as one of the most critical systems in
automobile vehicles. This project aims to calculate multi-axial forces acting on
various linkages of McPherson suspension system. Multi-body dynamics concept
is used for the calculation of multi-axial forces acting on suspension system. The
obtained forces are verified by using analytical calculation for its accuracy. Since
steering knuckle is a main automotive component that requires a lot of attention in
taking care of it, the effect on forces acting on strut mount, lower ball joint, steering
tie rod and wheel axis on the steering knuckle is analyzed. Structural analysis of the
steering knuckle is performed to research and analyze the impact of the multi-axial
forces acting on the steering knuckle. Further, it is subjected to impact and fatigue
loads due to the uneven road surface. Hence, impact analysis is performed to support
the design. Vibration is an important characteristics of automobile vehicle compo-
nent. It should not be a resonance frequency. It greatly influences the component life
and performance. So, it has to consider the vibration characteristics of component.
Hence, modal analysis is performed to predict the behavior of steering knuckle under
vibration. The results of the above analysis provide a foundation for optimization of
suspension components.

Keywords Multi-body dynamics · Steering knuckle · Link forces ·Modeling ·
Vibration

1 Introduction

In this time of constant advancement in assembling part, plan and weight stream-
lining is the prime goal. This goal is lead to the improvement of different metal
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amalgams and composite materials. As a material, mechanical properties and assem-
bling parameters assume definitive jobs, and the shortcomings and qualities of each
assembling procedure should be accessible to planners in these regards, to empower
them to pick the ideal decision for the particular segment and application [1].

In car industry, the critical increment of the interest for lighter, more eco-friendly
vehicles, diminished plan testing cycles and tasteful dependability level has advanced
the selection of ideal materials and parts. The present pattern in the car business is to
deliver safe yet lightweight vehicles [2]. To accomplish this objective with at least
costlymodel testing, new structuresmust be researched logically as far as quality and
weakness disappointment. In car, suspension and controlling framework is in charge
of giving ride solace and soundness. The exhibition of both the frameworks relies
upon the presentation of directing knucklewhich consolidations both the frameworks
[3].

Directing knuckle is one of the principal parts utilized in controlling frameworks of
cars, and they are exposed to a huge number of fluctuating anxieties cycles prompting
the exhaustion disappointment. Because of the basic usefulness of directing knuckle,
its structure just as weight streamlining is required [4].

This need requests the exhaustive investigation and understanding the conduct
of directing knuckle under static and weakness loads. In this way, the static and
weakness examination of the controlling knuckle will fill in as the establishment for
the utilization of electivematerials, for example, aluminum amalgams and composite
materials [5].

To accomplish the previouslymentioned things, the current steering knuckle force
count is significant one. The goal is that we ascertaining the multi-body dynamic
simulation and analysis of automobile suspension system [6].

2 Selection of Suspension System

MacPherson suspension system is amost common suspension used in all commercial
cars. Steering knuckle is a critical component in the suspension system, which is used
to control the stability of the vehicle. Riding comfort and stability are the important
factors for driving the vehicle, and these can be considerably achieved by optimizing
the shape and size of the steering knuckle. Figure 1 shows MacPherson suspension
system and its attachments [7].

3 Geometric Modeling of Compact Car Suspension System

Suspension system model is developed by using SolidWorks software, which is
shown in Fig. 2.
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Fig. 1 MacPherson strut
suspension

Fig. 2 Model of compact
car suspension component

3.1 Lateral Load Transfer

While cornering, load transfer takes place from the inside pair of wheels to the outer
wheels. This is termed as lateral load transfer. Thus, the outer tires are subjected to
maximum lateral force [8], which is shown in Fig. 3.
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Fig. 3 Lateral load transfer

3.2 Longitudinal Load Transfer

As shown in Fig. 4 while braking or accelerating, load shifts from rear to front
(braking) or vice versa (acceleration) due to inertia forces. This is termed as longitu-
dinal load transfer. Thus, the front tires are experienced greater braking force while
the rear tires are loaded under acceleration [9].

4 Resolving Loads on Strut Mount in X-, Y- and Z-Axis

To calculate the forces acting on the steering knuckle on the strut mounting point, the
force transferred by the strut to the steering knuckle is resolved into three components
along the three axes. The angles of inclination of the strut to the axes are used to

Fig. 4 Longitudinal load transfer
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resolve the force in the three axes. First, in order to calculate the angles, the hard
points of the suspension system are measured for the considered vehicle by initially
setting the tire-road contacting point as origin. Then the distance of each point in
all the axes is measured. The angle of inclination is calculated by plotting the hard
points in CAD modeling in three-dimensional line sketch as free body diagram and
is measured from the model [10].

Fx = F cos(θx )

Fy = F cos
(
θy

)

Fz = F cos(θz)

4.1 Hard Points of Steering Knuckle

See Table 1 and Figs. 5 and 6.

5 Model Calculation

The resolved strut forces act on the steering knuckle along corresponding axes. In
order to calculate the other forces at the other three points such as hub mounting
point, tie rod mounting point and lower ball joint, the steering knuckle is assumed
to be in equilibrium condition [11–14].

For equilibrium,

∑
F = 0;

∑
M = 0.

In case of three-dimensional non-coplanar forces,

∑
Fx = 0;

∑
Fy = 0;

∑
Fz = 0;

∑
Mx = 0;

∑
My = 0;

∑
Mz = 0;

Table 1 Hard points of steering knuckle

S. No. Position X-axis Y-axis Z-axis

1 Strut mount X1 = 647.7996 Y1 = 431.1444 Z1 = 1726.6613

2 Tie rod end X2 = 696.1035 Y2 = 292.8793 Z2 = 1919.9281

3 Hub center point X3 = 759.4955 Y3 = 305 Z3 = 1737

4 Lower ball joint X4 = 689.3451 Y4 = 167.1837 Z4 = 1758.1414
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Fig. 5 Diagram of steering
knuckle in YZ-plane. a =
strut, b = tie rod, c =
knuckle, d = lower control
arm, e = hub, f = wheel; 1 =
strut mounting point, 2-tie
rod mounting point, 3 = hub
mounting point, 4 = lower
ball joint; θx = angle of
inclination of strut to the
X-axis; θy = angle of
inclination of strut to the
Y-axis; θ z = angle of
inclination of strut to the
Z-axis

Fig. 6 Diagram of steering
knuckle inXY-plane. a =
strut, b = tie rod, c =
knuckle, d = lower control
arm, e = hub, f = wheel; 1 =
strut mounting point, 2-tie
rod mounting point, 3 = hub
mounting point, 4 = lower
ball joint; θx = angle of
inclination of strut to the
X-axis; θy = angle of
inclination of strut to the
Y-axis; θ z = angle of
inclination of strut to the
Z-axis

Say three forces per joint, and totally nine forces are to be calculated. Thus, nine
unknown reaction forces are acting on the steering knuckle. For calculating these nine
forces, nine equations with nine unknowns have to be formed. Hence, considering
the steering knuckle in equilibrium condition, the equations are formed equating the
forces along a direction to zero and equating the moments about point in a plane to
zero [15].
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So, the forces along X-direction

∑
Fx = 0

Rhubx + Rstrx + Rlbjx = Fx

The forces along Y-direction

∑
Fy = 0

Rhuby + Rstry + Rlbjy = Fy

The forces along Z-direction

∑
Fz = 0

Rhubz + Rstrz + Rlbjz = Fz

Taking moment about LBJ:
In yz-plane:

Rhuby × z34 − Rhubz × y34 + Rstry × z24 − Rstrzy × y24 = − Fz × y14 − Fy × z14

In xz-plane:

Rhubr × z34−Rhubz × x34 − Rstrx × z24 + Rstrz × r24 = Fx × z14 + Fz × x14

In xy-plane:

Rhubx × y34 + Rhuby × x34 + Rstrx × y24 − Rstry × x24 = −Fy × x14 − Fx × y14

Taking moment about HUB:
In yz-plane:

−Rstry × z23 + Rstrz × y23 − Ribj × z43 + Rlbj × distance = −Fz × y13 − Fy × z13

In xz-plane:

Rstrx × z23 + Rstrz × x23 + Ribjx × z43 + Ribjz × x43 = +Fx × z13 + Fz × x13

In xy-plane (Fig. 7):

−Rstrx × y23 − Rstry × x23 − Rlbjx × y43 − Ribjy × x43 = +Fx × x13 − Fy × x13

Rhubx + Rstrx + Rlbjx = −3370.87
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Fig. 7 Reaction forces on knuckle linkages

Rhuby + Rstry + Ribjy = 4026.92

Rhubz + Rstrz + Rlbjz = −9545.15

Rhuby × 21.141− Rhubz × 137.82+ Rstry × 161.79−Rstrzy × 125.695

= −Fz × 263.96− Fy × 31.48

− Rhubx × 21.141− Rhubz × 70.15− Rstrx × 161.7867+ Rstrz × 6.758

= Fx × 31.48+ Fz × 41.55

Rhubx × 137.816+ Rhuby × 70.15+ Rstrx × 125.695− Rstry × 6.758

= −Fy × 41.55− Fx × 263.96

− Rstry × 182.93+ Rstrz × 12.12− Rlbjy × 21.14+ Rlbjz × 173.82

= −Fz × 126.14− Fy × 10.34

Rstrx × 182.93+ Rstrz × 63.392+ Rlbjx × 21.14+ Rlbjz × 70.15

= +Fx × 10.34+ Fz × 111.69
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Table 2 MATLAB readings

Conditions Axis Strut. mount Tie rod Lower ball joint Wheel hub

Cornering X −3361 N −1817 N −841 N −507.3 N

Y 4015 N 6850 N −4571 N −5356 N

Z −9515 N 24,109 N −2137 N 2539 N

Acceleration X 2300 N 2420 N −652 N −239 N

Y −1970 N −5475 N −1474 N 5433 N

Z −2440 N −5577 N −4621 N −5633 N

Braking X 4278 N 4502 N −1213 N −446 N

Y −3680 N −10,186 N −2742 N 10,107 N

Z −4539 N −10,374 N −8597 N −10,480 N

− Rstrx × 12.12− Rstry × 63.39− Rlbjx × 137.82− Rlbjy × 70.15

= +Fx × 111.69− Fy × 126.144

On solving these nine equations for nine unknowns, we get Rhubx, Rhuby, Rhubz,
Rstrx, Rstry, Rstrz, Rlbjx, Rlbjy and Rlbjz. But solving nine equations with nine unknowns
is a tedious process, so we go for MATLAB (Table 2).

6 Experimental Results

6.1 Camper Versus Time

The camber versus time characteristics varies in a sinusoidal way in reaction to the
sinusoidal input at thewheel over the hydraulic lift. As the difference of camber angle
is less for the proposed system, it ensures better handling and maneuverability of the
vehicle. This provides better dynamic characteristics of the vehicle during real-time
operations (Fig. 8).

6.2 Toe Versus Time

Similar to the camber analysis, both the systems were subjected to undergo wheel
travel, and the corresponding changes in toe characteristics are presented in the
following section.

The toe angle response of the suspension systems during simulation process is
shown in Fig. 9. The maximum toe angle obtained from the suspension system is −
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Fig. 8 Camber versus time

Fig. 9 Toe versus time
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Fig. 10 Toe response with wheel travel

0.6°. This ensures a larger area of wheel contact patch, which results in better wheel
traction.

6.3 Toe Response of Suspension System

Toe characteristics of suspension system with respect to the wheel travel are shown
in Fig. 10. The plots show a significant reduction in the toe angle variation of the
active suspension system due to active control of the tie rod by the servo actuator.
Themaximum toe angle obtained from suspension system is about 0.6 degrees. Also,
the confounding variations in the toe angle as seen in Fig. 10 are due to the same
inertial effects and imbalance which affected the camber characteristics.

7 Conclusion

Methodology of multi-axial force acting on steering knuckle during acceleration,
braking and cornering is studied, and the forces acting on the steering knuckle
of a commercial hatchback car are developed using MATLAB. The multi-axial
forces acting on the steering knuckle for the three conditions are computed. Thus, a
MATLAB program is developed to obtain the forces on steering knuckle for various
riding conditions for the given input of vehicle specification by using this procedure,
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and by only varying the input data of any hatchback model car with MacPherson
strut suspension system, we can find the forces acting on the steering knuckle. Thus,
it will be helpful and can be used as a template for modifying the design of steering
knuckle and to analyze using the obtained load. It can be used for FEA analysis of
steering knuckle and optimization of the same.
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Mathematical Analysis of Rectangular
Reinforced Concrete Beam Externally
Laminated with GFRP Sheet

N. V. Manjunath, M. Ranjitham, V. Manickavasakam, and Sujith Selvaraj

Abstract Reinforced construction structures are constructed manually to the rein-
forced concrete structure, and the rehabilitation progression was held to avoid the
damaged structures due to static loads. In the thesis related, the finite element model
is to stimulate the beam to analyze with the design criteria to externally wrapped
RCC beam. This process is one of the achievements in the modern civil engineering
field. The thesis presents the retrofittingmethod to improve their force and rigidity by
the cover of the GFRP sheet on externally reinforced material. An analytical repre-
sentation is proposed to predict the shear capacity strengthened through the glass
fiber reinforced polymer sheet (GFRP). The two-point load was applied at the beam
bottom surface at a specific distance and held constant during the test. The beam
setup should be simply supported under the two hinged support, and the edges are
free in condition and externally strengthened by the GFRP sheet. The GFRP sheets
enhancing the ductility and to transmit the collapse method to hold up the shear
collapse manner of load augmentation. The force and deflection result is evaluated
to define by a strengthen beam and unstrengthen beam. This numerical analysis
method shows that the RCC arrangement strengthened among the GFRP sheet can
increase their force, rigidity and energy dissipation capacity.

Keywords Retrofitting · GFRP sheet · Two-point loading

1 Introduction

FRP is solid only in the ways of strands. The fiber headings in FRP composites might
be unidirectional, bi-directional or multi-directional as appeared in below figure. The
utilization of strands in two ways can be valuable as for shear opposition regardless
of whether reinforcing for turned around stacking is not required, aside from an
impossible case in which one of the fiber headings is parallel to the shear breaks.
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With the increment in research and presentation of new materials and innovation,
there are better approaches for retrofitting the structure with many included points
of interest.

Unidirectional Bidirectional multidirectional 

2 Glass Fiber Reinforced Polymer (GFRP)

Glass fiber reinforced polymer (GFRP) is distinct from the complex material. GFRP
is accessible in numerous structures and is utilized as basic support for the solid
structures. Some of these structures are bars, plates and sheets. The FRP sheets are
all the more generally used to fortify the current structures within the beam of more
noteworthy adaptability contrasted by different structures. FRP fix is a basic method
to increment both the quality and plan life of a structure.

2.1 Fiber Disappointment

It happenswhen the pliableworry in thefilaments surpasses the rigidity. It is portrayed
by a quick dynamic fiber disappointment in the composite, especially for sheets, yet
the disappointment is fragile in the majority of the cases. The direction of the strands
as for the chief strain in solid influences the flexibility of the composite.

2.2 Bond Disappointment

Bond disappointment is administered by the property of the flimsier materials within
contact, for example, solid concrete and glue. At the point when the sheer quality
of one of these surpasses the power, at that point move cannot be guaranteed any
longer and a “slip” is created. The debonding can happen in the solid, between
the solid and the cement, and in the glue, between the glue and the filaments. The
most widely recognized debonding disappointment watched is at the outside of the
solid, which is a reasonable wonder since the solid is the weakest component in this
“communication chain”. The bond disappointment is considered riskier failure mode
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Table 1 GFRP material property

FRP composite Elastic modulus (Mpa) Tensile strength
(Mpa)

Shear modulus Thickness of
laminate

GFRP εx =
2.5e5

υxy = 0.22 3.5e3 Gxy = 1.18e4 1

εy =
1.8e5

υxz = 0.22 Gxz = 1.18e4

εz =
1.79e4

υyz = 0.33 Gyz = 6.8e4

than ductile disappointment since it can neither be predicted nor be prohibited (Table
1).

3 Cementitious Matrix

Apply of the cementitious matrix be in practice for transfer of stresses more efficient
through the application epoxy resin strengthening adhesive after cement matrix. It
has a high resistance to fatigue. It has high resistance to freeze-thaw and delayed
contraction and cracking. GFRP improves the compressive force and improves the
fracture propagation.

4 Shear Failure of Externally Bonded GFRP Wrapped

A typical detail of externally bonded GFRP on beam. Since the load acting is better,
the compressive force changes the beam to bend up the bars inside with the deterio-
ration of the bond performance of the standard position. It was generating the tensile
strength to oblique the bent-up bars which structure the crack propagation. Archi-
tectural Institute of Japan (AIJ) design guideline (AIJ 1999) defines the equation for
link force. The state of the minimum joint as volume as 0.3% between the beam and
GFRP. This design equation gives an enhanced strength on the dislocation of beam
elastic, and it becomes safe guideline.

5 Specimen Measurement

The span of the beam = 1700 mm, the width of the beam = 500 mm, and the depth
of the beam = 750 mm.
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6 Reinforcement Details

5 numbers of 12 mm diameter bars and the 8 mm diameter stirrups @ 150 mm C/C
distance.

7 Finite Element Modeling

7.1 Introduction

The limited component strategy is anything but difficult to dissect the structure in a
numerical investigation of the method. ANSYS is universally useful inside the bar
to the thorough investigation of holding among the strengthening and steel.

7.2 Concrete Demonstrating

Basically, the solid gets a breakdown among the hold of total and mortar because
of effect stacking, and it shows a bigger number of miniaturized scale splits. The
mechanical conduct of cement, since their engendering level of breaks, adds to non-
direct low pressure and causes volume broad, isolation, shrinkage and warm far-
reaching of the mortar. It might create distinction in solidness between their total and
mortar. Its interface has a fundamentally lower elasticity than mortar and establishes
weakest in the composite framework. Since the solid is for the most part in force, the
stress–strain link is essentially intriguing. Part properties unyielding are utilized for
3D display of solidswith orwithout fortifying bars (rebar). The strong is equipped for
breaking in strain and pulverizing in pressure. For which the component is likewise
pertinent would be fortified composites (e.g., fiberglass) and topographical material,
for example, shake. The component is characterized by eight hubs having three levels
of opportunity at every hub interpretation in the nodal arrange x, y, z headings. Steel
support to show solid fortification discrete into limited component demonstrating is
accepting that bond among steel and cement is 100%. Shaft segment has six levels
of opportunity at every hub. These incorporate interpretations in the x, y, z bearings
and pivots. This component is appropriate for direct, huge turn and strain nonlinear
applications.

7.2.1 Overlays

To show overlaid composites, SHELL 91 is utilized for layered uses of an auxiliary
shell model or for displaying thick elective structures. Up to 100 unique layers are
allowed for applications with the sandwich alternative turned out. When building a
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Table 2 Different material property

Material Density
(Kg/m3)

Elastic
modulus
(Mpa)

Poisson ratio Fck
(Mpa)

Fy
( Mpa)

Elements used

Concrete 2200 22,360 0.2 20 – Solid 65

Steel
reinforcement

7850 2e5 0.3 – 415 Beam 88

model SHELL 91 is more capable than SHELL 99. The direct investigation consid-
ered for displaying the RC bar depicts the material property and mechanism utilized
(Table 2).

8 Externally Wrapping RC Beam with no GFRP

The structural geometry of the exterior beam has been modeled for the mentioned
dimension and analyzed usingANSYS. It has been analyzedwithoutGFRPwrapping
under the bottom of the beam is constrained in all degrees of freedom. The two-point
load up to 25 KN is applied on the beam (Fig. 1).

Fig. 1 Exterior RCC beam model without GFRP
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9 Exterior RC Beam with and with no GFRP Wrapping

The structural geometry of the exterior beam has been modeled for the mentioned
dimension and analyzed usingANSYS. It has been analyzedwith noGFRPwrapping
under the bottom of the beam is constrained in all degrees of freedom. The two-point
load up to 55 KN is applied on the beam (Figs. 2, 3, 4, 5, 6 and 7).

In the postulation, the numerical aftereffects of together with GFRP wrapping
and without CFRP wrap are translated. Their conduct all through the examination
is contemplated from the recorded information acquired from the diversion conduct
and burden conveying limit utilizing ANSYS. The reinforced and strengthened bars
are tried for their definitive quality.

1. The heap conveying limit of the retrofitted example is 30% more than the
strengthened example.

2. The heap distortion conduct likewise improves to the huge degree if there should
arise an occurrence of retrofitted example over unstrengthen example.
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Fig. 2 Exterior RCC beam model

Fig. 3 Exterior RC beam model with GFRP

3. The malleability of the retrofitted example will be more noteworthy when
contrasted and the typical example.

4. GFRP retrofitting example of the shaft segment joint moved the disappointment
of the joint from section bit to the bar segment of the joint which will anticipate
dynamic breakdown.

10 Conclusion

The accompanying perceptions and ends can be attracted by the explanatory
aftereffects of the examination.
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Fig. 4 Total deformation of exterior RCC beam model with GFRP

Fig. 5 Directional deformation of exterior RCC beam model with GFRP

1. Looking at the numerical examination we ought to assert with the purpose of
the avoidance within the reinforced example is lesser than to facilitate of the
strengthened example.

2. It is seen that the worry in the example is better in the retrofitted with GFRP
example when contrasted and the ordinary example without GFRP wrapping.

3. From the theory, it very well may be presumed that the fortifying with the GFRP
structure will expand the workableness of the structure.
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Fig. 6 Equivalent stress of exterior RCC beam model with GFRP

Fig. 7 Equivalent elastic strain of exterior RCC beam model with GFRP
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Effects of Drilling Process Parameters
Using ANOVA and Graphical Methods

S. P. Sundar Singh Sivam, Ganesh Babu Loganathan, K. Saravanan,
S. Dinesh Guhan, and Aishik Banerjee

Abstract Magnesium alloys are highly preferred for use in the automobile sector
and aerospace industry because of their low density and superior strength. Due to the
lightweight and high strength of magnesium alloys, they are continuously being used
for engineering applications. The transport industry has benefitted a lot as weight
reduction is of prime importance in terms of cost saving. AM60 magnesium alloy
also has good resistance to corrosion especially when compared with the rusting
of mild steel in the same atmosphere. The paper makes an attempt to determine
the best machining conditions to manufacture magnesium goods, especially AM60
magnesium alloy. Drilling operation is carried out on AM60 magnesium alloy, and
the results obtained are optimized using ANOVA technique. The output responses
analysed are residual stress, thermal stress, surface roughness, maximum amplitude
of vibration, deviation from concentricity, deviation from cylindricity, deviation from
diameter and deviation from perpendicularity. These responses are analysed using
ANOVA in order to check the productivity of drilling operation at controlled input
parameters such as cutting speed, feed, time and drill bit treatment. Cryogenically
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treated drill bits with different tempering cycles are used as one of the input parame-
ters. The input parameters are pre-defined and then applied in the drilling operation,
and the corresponding results obtained are analysed.

Keywords ANOVA · AM60 · Cryogenic treated drill tools · Hole quality

1 Introduction

Drilling is one of the most popular machining processes. It is widely used in auto-
motive, aerospace, aircraft, dies and mould industry, home appliances, etc. Thus,
cost-effectiveness is one of the most important criteria along with superior quality
of products. In today’s world, it has become very necessary to apply optimization
techniques in machining processes so as to obtain the most efficient result in the
shortest span of time possible. In this paper, ANOVA method determines the influ-
ence (percentage of contribution) of the input parameters on the output responses.
AM60 magnesium alloy has been chosen to carry out the drilling operation. Magne-
sium alloy is one of themost popular lightweightmaterials.Magnesium alloy absorbs
vibrations and has high strength density ratio. Magnesium alloy has varied applica-
tions. They are used in various fields like electronics, automobiles and aerospace due
to its good strength to weight ratio and low density. Magnesium alloys are regarded
as one of the lightest among the metallic materials as aluminium alloys are approx-
imately 35% heavier than magnesium alloys [1]. Drilling is one of the most vital
processes which have been investigated extensively by researchers. Chen et al. [2]
incorporated the splitting parameters for the drilling process using a split point drill.
An effort was made to minimize the thrust force and torque during drilling. Chen and
Tsao [3] concluded that differently coated drills resulted in varied performance on
the drill life and the quality of drilled hole. Optimizationmethods are of prime impor-
tance in metal cutting processes, which is also considered to be of great importance
for continuous improvement in output quality [4]. Chavan andGuja [5] usedAnalysis
of Variance, i.e. ANOVA, to determine the significant inputs affecting the surface
roughness. He used different twist drills under dry cutting conditions on SG500/7
plate. Alagarsamy et al. [6] used the Taguchi method to investigate the effects of
drilling parameters on aluminium alloy 7075 using HSS drill. Cutting speed, feed
and depth of cut were used as the parameters. Vankanti and Ganta [7] optimized
process parameters such as cutting speed, feed, point angle and chisel edge width
in drilling of glass fibre-reinforced polymer (GFRP) composites. ANOVA was also
done to determine the significance of each input in the drilling operation. Tripathi
et al. [8] carried out experiments to find the optimal drilling parameters on aluminium
6061 so as to obtain the minimum value of torque and thrust. Grigoraş and Brabie
[9] conducted ANOVA analysis for milling operation on AZ61A, a magnesium–
aluminium alloy. The results revealed that only speed and feed have a considerable
impact. Erkan et al. [10] performed the Taguchi method and GONNs to find out the
machinability of milling composite materials. ANOVA analysis was conducted to
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Table 1 Factors and levels

Constraints Unit Levels

1 2 3

Cutting speed (V)—IP1 Rpm 2000 2500 3000

Feed (F)—IP2 mm/rev 0.24 0.3 0.36

Machining time—IP3 s 60 120 180

Drill bit treatment—IP4 - 1 2 3

show that the cutting speed is the most significant factor affecting surface roughness.
Despite the fact that Taguchi method could have been used, however, it would have
been difficult to handle the multi-objective optimization problem. In order to better
the multiple quality characteristics, Taguchi with grey relational analysis is regarded
as an efficient optimization method in various machining processes [11–29].

2 Experimental and Measurement Process

In order to carry out the drilling operation on AM60 magnesium alloy, many exper-
iments were performed with varied sets of input parameters. The AM60 magnesium
alloy was used, and the drilling was done in VMC manufactured by Lakshmi Works
Machine LV45. The measurement of the residual stresses—OP1—was obtained by
combining experimental as well as analytical concepts. Initially, the chips obtained
after machining were collected and observed under the XRDmachine. Through this,
we obtained the angle of diffraction, which was then used in the analytical equa-
tions to determine the overall residual stress used for calculating the residual stress.
Talysurf instrument was used for measuring surface roughness—OP2. The values
in the thermal stress equation and infrared thermometer were used for measuring
the thermal stress—OP3. Kistler type 3-axis accelerometer and vibration sensors,
and tri-axial accelerometer instrument was used for measuring the maximum ampli-
tude of vibration (mm)—OP4. Deviation from perpendicularity (mm)—OP5—was
measured by (coordinate measuring machine), deviation from concentricity (mm)—
OP6—was measured by (coordinate measuring machine), deviation from diameter
(mm)—OP7—was measured by (coordinate measuring machine), and deviation
from cylindricity (mm)—OP8—was measured by (at least two circles over the hole)
(Tables 1, 2 and 3).

3 Results and Discussion

Figure 1 tells us that as the cutting speed increases, the residual stress decreases
initially, reaches a minimum value and then increases again. The curve is steepest
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Table 2 Output parameters Symbol Criteria

OP1 Residual stress(KN/mm2)

OP2 Surface roughness (mm)

OP3 Thermal stress (KN/mm2)

OP4 Max amplitude of Vibration(mm)

OP5 Deviation from perpendicularity (mm)

OP6 Deviation from concentricity (µm)

OP7 Deviation from diameter (mm)

OP8 Deviation from cylindricity (µm)

Table 3 Outcomes

Trail
No.

IP1 IP2 IP3 IP4 OP1 OP2 OP3 OP4 OP5 OP6 OP7 OP8

A1 2000 0.24 60 1 26.5 2.1794 7.9 0.051 1.71 116.63 1.71 116.63

A2 2000 0.3 120 2 48.1 2.1687 16.6 0.155 1.49 75.12 1.49 75.12

A3 2000 0.36 180 3 159.2 3.2348 265.5 0.258 2.68 208.87 2.68 208.87

A4 2500 0.24 60 1 28.4 2.4434 20.65 0.064 1.76 110.86 1.76 110.86

A5 2500 0.3 120 2 50.6 2.2298 30.65 0.368 1.18 67.20 1.18 67.20

A6 2500 0.36 180 3 81.4 3.1769 430.6 0.498 3.04 138.50 3.04 138.50

A7 3000 0.24 60 1 95.4 1.6616 29.95 0.087 1.64 79.69 1.64 79.69

A8 3000 0.3 120 2 185.3 1.3761 40.64 0.487 0.34 76.83 0.34 76.83

A9 3000 0.36 180 3 431.9 4.1131 479.79 0.798 2.50 62.98 1.50 82.98

Fig. 1 Graph between residual stress and cutting speed

at a feed rate of 0.36 mm/rev. As the feed rate decreases, the steepness of the curve
also lowers. In Fig. 2, we note that the residual stress increases with an increase
in the feed. The difference in the residual stress values between cutting speeds of
3000 and 2500 rpm is also significant. The curve in Figs. 3 and 4 also follows a
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Fig. 2 Graph between residual stress and feed

Fig. 3 Graph between residual stress and time

Fig. 4 Graph between residual stress and drill bit treatment

similar trend. The residual stress, as expected, increases with an increase in time
and with a change in drill bit treatment. The ANOVA table on residual stress also
shows that the residual stress is affected by cutting speed (7.03%), feed (34.23%),
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Fig. 5 Effects on residual stress (KN/mm2)

machining time (45.53%) and drill bit treatment (13.21%). The highest influence is
from machining time. Figure 5 indicates that a cutting speed of 2000 rpm, feed of
0.36 mm/rev, machining time of 180 s and drill bit treatment of 2 are the optimum
conditions required to obtain residual stress (Table 4).

In Fig. 6, it is observed that with increase in the cutting speed, the thermal stress
also increases. It can be seen that there is considerable difference between the thermal
stress values between feed rates of 0.24 mm/rev and 0.36 mm/rev, while the values
at feed rate of 0.3 mm/rev is rising with very little fluctuation. We can therefore infer

Table 4 ANOVA on residual stress (KN/mm2)

Source of
variation

Sum of
squares

DOF Mean Square F F table Contribution
%

Cutting speed
(V)—IP1

1061.1289 2 530.5644 2,652,822.22 4.2 7.03

Feed (F)—IP2 5168.5356 2 2584.2678 12,921,338.89 4.2 34.23

Machining
time—IP3

6876.1156 2 3438.0578 17,190,288.89 4.2 45.53

Drill bit
treatment—IP4

1995.5489 2 997.7744 4,988,872.22 4.2 13.21

Error 0.002 9 0.000200 –

SST 15,101.3289 17

Fig. 6 Graph between thermal stress and cutting speed
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that by increasing the feed rate, the thermal stress also increases. The above point is
further proved in Fig. 7 where we can see that by increasing the feed rate, the thermal
stress increases. There is a significant difference between the thermal stresses at 2000
and 3000 rpm. Hence, by increasing the cutting speed also, the thermal stress will
increase. In Fig. 8, a similar nature of the curve follows where the thermal stress is
seen increasing with increase in time. In Fig. 9, the thermal stress remains almost
constant up to drill bit treatment number 2, followed by a sharp increase in its value.
The ANOVA table on thermal stress also shows that the thermal stress is affected
by cutting speed (21.83%), feed (34.70%), machining time (21.75%) and drill bit
treatment (21.72%). The highest influence is from feed. Figure 10 indicates that a
cutting speed of 2500 rpm, feed of 0.36 mm/rev, machining time of 60 s and drill bit

Fig. 7 Graph between thermal stress and feed

Fig. 8 Graph between thermal stress and time
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Fig. 9 Graph between thermal stress and drill bit treatment

Fig. 10 Effects on thermal stress (KN/mm2)

treatment of 2 are the optimum conditions required to obtain thermal stress (Table
5).

Figure 11 predicts that the surface roughness values do not undergo much change
with increase in cutting speed. However, at higher cutting speeds, the surface rough-
ness slightly increases for higher feed rates while it decreases for lower feed rates.
From Fig. 12 also, we can infer that the surface roughness increases with an increase
in feed rate, thus lowering the quality of surface finish of the alloy. As a result,
separate surface finishing techniques like honing, grinding, etc. must be used to
increase the smoothness. In Figs. 13 and 14 also, the curve follows the same nature.
The ANOVA table on surface roughness also shows that the surface roughness is
affected by cutting speed (1.42%), feed (77.45%), machining time (12.68%) and
drill bit treatment (8.45%). The highest influence is from feed. Figure 15 indicates
that a cutting speed of 2500 rpm, feed of 0.36 mm/rev, machining time of 120 s and
drill bit treatment of 1 are the optimum conditions required to obtain deviation from
surface roughness (Table 6).

Figure 16 shows that as the cutting speed is increased, the vibration amplitude
also increases. The slope of the curve rises as the feed rate increases. At a feed
rate of 0.24 mm/rev, there is hardly any fluctuation in the curve. However, as the
feed rate increases, the slope gets steeper. Figures 17, 18 and 19 predict that the
maximum amplitude of vibration increases with increase in the feed rate and time.
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Figure 11 Graph between surface roughness and cutting speed

Fig. 12 Graph between surface roughness and feed

Fig. 13 Graph between surface roughness and time
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Fig. 14 Graph between surface roughness and drill bit treatment

Fig. 15 Effects on surface roughness (µm)

Table 6 ANOVA on surface roughness (µm)

Source of
variation

Sum of squares DOF Mean Square F F table Contribution %

Cutting speed
(V)—IP1

0.0830 2 0.0415 207.54 4.2 1.42

Feed (F)—IP2 4.5339 2 2.2670 11,334.80 4.2 77.45

Machining
time—IP3

0.7426 2 0.3713 1856.43 4.2 12.68

Drill bit
treatment—IP4

0.4948 2 0.2474 1236.88 4.2 8.45

Error 0.002 9 0.000200 –

SST 5.8543 17

At higher feed rate and at greater cutting speed, there is a huge difference between
the vibration amplitudes. Figure 18 also tells us that as the time increases, the vibra-
tion amplitude difference for cutting speed of 2000 and 3000 rpm also increases
significantly. The ANOVA table on maximum amplitude of vibration also shows
that the maximum amplitude of vibration is affected by cutting speed (26.84%),
feed (60.24%), machining time (4.28%) and drill bit treatment (8.65%). The highest
influence is from feed. Figure 20 indicates that a cutting speed of 3000 rpm, feed of
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Fig. 16 Graph between max amplitude of vibration and cutting speed

Fig. 17 Graph between max amplitude of vibration and feed

Fig. 18 Graph between max amplitude of vibration and time bit
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Fig. 19 Graph between max amplitude of vibration and drill treatment

Fig. 20 Effects on max amplitude of vibration

0.36 mm/rev, machining time of 60 s and drill bit treatment of 1 are the optimum
conditions required to obtain maximum amplitude of vibration (Table 7).

Figure 22 predicts that the concentricity decreases with an increase in the cutting
speed. The slope of the curve is steepest for feed rate of 0.36 mm/rev and time of
180 s. In Fig. 21, however, the curve more or less does not fluctuate much for lower
feed rates, i.e. at feed rates of 0.24 and 0.3 mm/rev. Figure 23 also follows a similar
nature, where the time at 60 and 120 s does not fluctuate much with an increase in
the cutting speed. In Fig. 24 also, the curve has a similar nature. The ANOVA table

Table 7 ANOVA on max amplitude of vibration

Source of
variation

Sum of squares DOF Mean square F F table Contribution %

Cutting speed
(V)—IP1

0.1374 2 0.0687 343.61 4.2 26.84

Feed (F)—IP2 0.3085 2 0.1543 771.31 4.2 60.24

Machining
time—IP3

0.0219 2 0.0110 54.75 4.2 4.28

Drill bit
treatment—IP4

0.0443 2 0.0222 110.77 4.2 8.65

Error 0.002 9 0.000200 –

SST 0.5122 17
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on deviation from concentricity also shows that the deviation from concentricity is
affected by cutting speed (31.13%), feed (34.70%), machining time (11.91%) and
drill bit treatment (22.26%). The highest influence is from feed. Figure 25 indicates
that a cutting speed of 2000 rpm, feed of 0.36 mm/rev, machining time of 60 s and
drill bit treatment of 3 are the optimum conditions required to obtain deviation from
concentricity (Table 8).

Fig. 21 Graph between deviation from concentricity and feed

Fig. 22 Graph between deviation from concentricity and cutting speed

Fig. 23 Graph between deviation from concentricity and time
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Fig. 24 Graph between deviation from concentricity and drill bit treatment

Fig. 25 Effects on deviation from concentricity (µm)

Table 8 ANOVA on deviation from concentricity (µm)

Source of
variation

Sum of
squares

DOF Mean square F F table Contribution
%

Cutting speed
(V)—IP1

5476.7980 2 2738.3990 13,691,994.89 4.2 31.13

Feed (F)—IP2 6105.6411 2 3052.8205 15,264,102.72 4.2 34.70

Machining
time—IP3

2095.7422 2 1047.8711 5,239,355.56 4.2 11.91

Drill bit
treatment—IP4

3916.4306 2 1958.2153 9,791,076.39 4.2 22.26

Error 0.002 9 0.000200 –

SST 17,594.6118 17

Figure 26 predicts that as the cutting speed increases, the deviation from cylin-
dricity decreases. The slope of the curve is steepest for feed rate of 0.36 mm/rev and
time 180 s, and we also note that there is considerable difference between the devia-
tions from cylindricity values between feed rate of 0.36 and 0.3 mm/rev. The curve,
however, does not fluctuate much for lower feed rate and time. The curves in Figs. 27,
28 and 29 follow a similar trend. The ANOVA table on deviation from cylindricity
also shows that the deviation from cylindricity is affected by cutting speed (26.55%),
feed (46.01%), machining time (8.22%) and drill bit treatment (19.21%). The highest
influence is from feed. Figure 30 indicates that a cutting speed of 2000 rpm, feed of
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Fig. 26 Graph between deviation from cylindricity and cutting speed

Fig. 27 Graph between deviation from cylindricity and drill bit treatment

Fig. 28 Graph between deviation from cylindricity and time

0.36 mm/rev, machining time of 60 s and drill bit treatment of 3 are the optimum
conditions required to obtain deviation from cylindricity (Table 9).

In Fig. 31, we see that the deviation from diameter is minimum for drill bit number
2 and that too for a cutting speed of 3000 rpm. The deviation from diameter is on
the higher side for drill bit number 3. In Fig. 32, we see that as the cutting speed
increases, the slope initially increases and then tilts downwards. Figures 33 and 34
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Fig. 29 Graph between deviation from cylindricity and feed

Fig. 30 Effects on deviation from cylindricity (µm)

Table 9 ANOVA on deviation from cylindricity (µm)

Source of
variation

Sum of
squares

DOF Mean square F F table Contribution
%

Cutting speed
(V)—IP1

4329.3313 2 2164.6656 10,823,328.22 4.2 26.55

Feed (F)—IP2 7502.8411 2 3751.4205 18,757,102.72 4.2 46.01

Machining
time—IP3

1341.0756 2 670.5378 3,352,688.89 4.2 8.22

Drill bit
treatment—IP4

3133.0972 2 1566.5486 7,832,743.06 4.2 19.21

Error 0.002 9 0.000200 –

SST 16,306.3452 17

follow a similar pattern. The ANOVA table on deviation from diameter also shows
that the deviation fromdiameter is affected by cutting speed (26.89%), feed (59.47%),
machining time (1.89%) and drill bit treatment (11.75%). The highest influence is
from feed. Figure 35 indicates that a cutting speed of 2000 rpm, feed of 0.36 mm/rev,
machining time of 180 s and drill bit treatment of 2 are the optimum conditions
required to obtain deviation from diameter (Table 10).

Figure 36 tells that as the cutting speed increases, the deviation from perpendic-
ularity remains more or less constant, but after 2500 rpm, the slope tilts downwards.
In Fig. 37, the slope of the curve initially moves downwards, and after a feed of
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Fig. 31 Graph between deviation from diameter and drill bit treatment

Fig. 32 Graph between deviation from diameter and cutting speed

Fig. 33 Graph between deviation from diameter and time

0.3 mm/rev, the slope tilts upwards. The same nature of the curve is followed in
Figs. 38 and 39 as well. The ANOVA table on deviation from perpendicularity also
shows that the deviation from perpendicularity is affected by cutting speed (8.61%),
feed (84.09%), machining time (1.36%) and drill bit treatment (5.94%). The highest
influence is from feed. Figure 40 indicates that a cutting speed of 2000 rpm, feed of
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Fig. 34 Graph between deviation from diameter and feed

Fig. 35 Effects on deviation from diameter (mm)

Table 10 ANOVA on deviation from diameter (mm)

Source of
variation

Sum of squares DOF Mean square F F table Contribution %

Cutting speed
(V)—IP1

1.3356 2 0.6678 3338.89 4.2 26.89

Feed (F)—IP2 2.9540 2 1.4770 7385.06 4.2 59.47

Machining
time—IP3

0.0940 2 0.0470 235.06 4.2 1.89

Drill bit
treatment—IP4

0.5836 2 0.2918 1459.06 4.2 11.75

Error 0.002 9 0.000200 –

SST 4.9672 17

Fig. 36 Graph between deviation from perpendicularity and cutting speed
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Fig. 37 Graph between deviation from perpendicularity and feed

Fig. 38 Graph between deviation from perpendicularity and drill bit treatment

Fig. 39 Graph between deviation from perpendicularity and cutting speed

Fig. 40 Effects on deviation from perpendicularity (mm)
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Table 11 ANOVA on deviation from perpendicularity (mm)

Source of
variation

Sum of squares DOF Mean square F F table Contribution %

Cutting speed
(V)—IP1

0.4689 2 0.2344 1172.22 4.2 8.61

Feed (F)—IP2 4.5807 2 2.2903 11,451.72 4.2 84.09

Machining
time—IP3

0.0740 2 0.0370 185.06 4.2 1.36

Drill bit
treatment—IP4

0.3236 2 0.1618 809.06 4.2 5.94

Error 0.002 9 0.000200 –

SST 5.4472 17

0.36 mm/rev, machining time of 120 s and drill bit treatment of 2 are the optimum
conditions required to obtain deviation from perpendicularity (Table 11).

4 Conclusions

The following are the output responses that were obtained and studied during the
drilling operation ofAM60magnesium alloy. These output responses are very impor-
tant during the machining of this alloy. It can be concluded that cutting speed, feed,
machining timeanddrill bit treatment havehigh impact on thefinal outputsmentioned
above. It is desired that we select the best combination of the input parameters so
as to obtain the desired results. The ANOVA technique is used to obtain the results.
The inputs have a unique effect on the output parameters. The highest impact of
cutting speed is on deviation from concentricity and that of feed is on deviation from
perpendicularity. The highest contribution of machining time is on residual stress
and that of drill bit treatment is on thermal stress.
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A Low-Cost Fabrication Approach of UV,
VIS and NIR Dielectric Reflectors

Venkatesh Yepuri, R. S. Dubey, and Brijesh Kumar

Abstract Reflectors are the primary need of several optical instruments that have
beendemanded their potential applications in solar cells, LEDs, lasers, and so forth. In
this paper, we present the fabrication and characterization of ultraviolet (UV), visible
(VIS), and infrared (NIR) dielectric reflectors composed of TiO2 and SiO2 films by
varying the solution chemistry. Due to the tuning of solution chemistry, we could
produce UV, VIS, and NIR reflectors having 100% reflectance within their respective
spectrums. By UV–Vis spectroscopy investigation, the center wavelengths are found
to be 380, 563, and832nm for theUV,VIS, andNIR reflectors, respectively. Scanning
electron microscopy analysis showed the formation of the periodic structure of TiO2

and SiO2. Finally, our study demonstrates the easy and rapid fabrication of optical
reflectors for the desired reflectance band.

Keywords Reflectors · Optical coating · Periodic layers · Reflectance · Dielectric
films

1 Introduction

The sunlight which falls on earth consists of a massive spectrum of ultraviolet (UV),
visible (VIS), and infrared (IR) light rays. Among these, ultraviolet and infrared
light radiations are harmful to the human bodies if exposed for a long time, whereas
visible light radiation is helpful for visualization of the objects. It means the molding
of a particular band or multi-band solar spectrum is needed for their application, like
UV/IR reflection/transmission. In this way, sunlight can be harvested to enhance the
light absorption in thin-film solar cells or UV protection to overcome the problem
of skin burn [1, 2].
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Thus, light propagation can be manipulated by using optical coating by the mech-
anism of reflection/transmission/anti-reflection phenomena. The coating is nothing
but the preparation of the thin film on the desired substrate to have either a reflection
or antireflection property. The multilayer dielectric coatings have been demanded
as the passive device in solar cells, light-emitting diodes, vertical-cavity surface-
emitting diodes, waveguides, etc. [3–6]. The reflectors based on transparent coating
of dielectric films have attracted the attention of scientists over the metallic reflec-
tors owing to their high maintenance cost and less durability. In addition, dielectric
optical coatings have the capability of self-cleaning due to their hydrophobic nature
[7]. The propagation of light waves is strongly influenced by the refractive index and
thickness of the films.

The most preferred dielectric materials used to fabricate reflectors are TiO2, ZnO,
Al2O3, ZrO2, and SiO2. However, the combination of TiO2/SiO2 thin films has
been reported as the better ones due to their large refractive index contrast [8].
There are various fabrication techniques available to prepare these reflectors, such as
sputtering, e-beam evaporation, chemical vapor deposition, sol–gel spin coating etc,
[9–11]. However, the fabrication cost is high with the standard fabrication methods
except the sol–gel spin coating, which is the simplest and cost-effective ones [12].
Besides, no high vacuum is required to deposit these films, and hence, it reduces
the fabrication time, particularly for the preparation of multilayer structures. The
great advantage of the sol-gel spin coating technique is the easy tuning of process
parameters [13, 14]. With these prospects, the sol–gel spin coating technique is
the facile method to fabricate the dielectric reflectors having the reflection band of
interest. Dubey et al. reported the fabrication of visible reflector based on multilayer
films of TiO2/SiO2 and explored the optical reflectance. The fabricated reflector
showed100%reflectance in the visible spectrumwith its centerwavelength of 568nm
[15]. Nagayoshi et al. presented the fabrication of near-infrared reflectors based on
TiO2 film using nanoparticles and SiO2 thin film using a solution. The fabricated
reflector endorsed 90% reflectance in the near-infrared wavelength. They further
suggested the application of the fabricated reflector as the backend reflector for the
thin-film solar cells [16]. Deopura et al. prepared the omnidirectional visible reflector
composed of 19 alternating layers of tin sulfide and silica by using the thermal
evaporation technique. Though reflectivity was good, the high-fabrication cost and
more processing time cannot be ignored [17]. Similarly, Isabella et al. fabricated a
visible reflector composed of eight layers of hydrogenated amorphous silicon and
silicon nitride films using RF plasma-enhanced chemical vapor deposition method
[18]. The multilayer structure endorsed 100% reflectance in the visible region with
its center wavelength 600 nm, and further, the investigation was explored for its
solar cell application. Rabaste et al. studied the sol–gel process parameters of the
dielectric TiO2/SiO2 reflectors [19]. They fabricated the fourteen layers of TiO2/SiO2

to achieve visible light reflection, and a maximum 100% reflectance was achieved
with its center wavelength of 650 nm. The study was suggested the higher annealing
temperature at 900 °C in order to remove the cracks from the films. Choi et al.
developed a near-infrared reflector using TiO2/SiO2/TiO2 structure by using a sol–gel
spin coating technique [20]. The multilayer structure showed about 62% reflectance
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in the near-infrared region with its center wavelength of 1000 nm. However, to
achieve 100% reflectance in the desired wavelength region, it needs more number of
layers. Wang et al. fabricated a multilayer structure using Al/MgF2 by using e-beam
evaporation technique [21]. Themultilayer structure endorsed about 70% reflectance
in the ultraviolet regionwith its centerwavelength of 160 nm. In another study,Dubey
et al. fabricated the multilayer structures of TiO2/SiO2 using sol–gel spin coating
technique [22]. The reported multilayer structure could show 78% reflectance in the
near-infrared region with its center wavelength of 829 nm.

In this paper, we present the fabrication of various dielectric reflectors based on
TiO2/SiO2 films. This study explores the preparation of ultraviolet (UV), visible
(VIS), and near-infrared (NIR) reflectors by varying the respective chemistry.

2 Materials and Methods

Titanium isopropoxide (TTIP) and tetraethyl orthosilicate (TEOS) purchased from
Sigma-Aldrich were used as precursors for the preparation of TiO2 and SiO2 thin
films, respectively. Acetic acid and hydrochloric acid were used as the chelating
agents, while ethyl alcohol and de-ionized water were preferred as the solvents. For
the fabrication of ultraviolet (UV), visible (VIS), and near-infrared (NIR) reflectors,
we have prepared the different gels of TiO2 and SiO2 as described here. For the
fabrication of UV, VIS, and NIR reflectors, the TiO2 gels were prepared by using
ethanol: DI water: TTIP: Hcl in the molar ratio 10:0.5:0.5:0.1 (Solution A1), ethanol:
DI water: TTIP: Hcl, in the molar ratio 10:0.5: 0.75: 0.1 (Solution A2), and ethanol:
Hcl: Acetic acid: TTIP in the molar ratio 10:0.2:2.4:2.4 (Solution A3), respectively.
The solvent was mixed with the chelating agent under constant stirring for 15 min.
Later, the precursor was added in the above-prepared solution under constant stirring
and further stirred for 4 h and then kept for 24 h aging. Similarly, to fabricate the
UV, VIS, and NIR reflectors, the SiO2 gels were prepared by using ethanol: DI
water: TEOS: Hcl in the molar ratio 10:4:0.5:0.1 (Solution B1), ethanol: DI water:
TEOS: Hcl, in the molar ratio 10: 4: 0.75: 0.1 (Solution B2), and ethanol: Hcl: Acetic
acid: TEOS in the molar ratio 10:0.2:2.4:2.4 (Solution B3), respectively. Initially, the
solvent was mixed with chelating agents under 15 min stirring. Later, drop by drop
TEOSwas added to the resultant solutions. The prepared SiO2 solutions of respective
reflectors were kept for 48 h aging. After aging, both solutions of TiO2 and SiO2 were
found as the transparent gels. The prepared TiO2 and SiO2 gels were spin-coated on
cleaned glass substrates with the spin speed 3000 RPM for 30 s to fabricate the
TiO2 film (high-refractive-index layer) and SiO2 film (low-refractive-index layer)
film alternatively. Each spin-coated film was dried in hot air oven under 100 °C for
30 min and then sintered at 500 °C for a period of 1 h. The fabricated UV, VIS, and
NIR reflectors were characterized to study the cross-section of multilayer structures
using scanning electron microscopy (SEM, MIRA3 TESCAN) and reflectance by
using UV–Vis spectrophotometer integrated with a specular reflectance attachment
(UV1800 Shimadzu, Japan).
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3 Results and Discussions

By varying the solution chemistry, we have prepared theUV,VIS, andNIR reflectors.
For the preparation of UV reflector, the solutions A1 and B1 were used to prepare
the TiO2 and SiO2 thin films, respectively. Figure 1a shows the reflectance of UV

Fig. 1 Reflectance spectra (a) and cross-sectional image (b) of the ultra-violet reflector
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reflector composed of 3.5 pairs of TiO2/SiO2 layers.
We can observe 100% reflectance with its center wavelength of 380 nm. The

preparation of 3.5 pairs of TiO2 and SiO2 films was confirmed by the cross-sectional
SEM measurement, as depicted in Fig. 1b. The brighter and darker layers repre-
sent spin-coated films of TiO2 and SiO2, respectively. The estimated thicknesses of
individual layers TiO2, SiO2, TiO2, SiO2, TiO2, SiO2, and TiO2 were 67.12 nm,
60.72 nm, 51.24 nm, 28.76 nm, 38.35 nm, 28.76 nm, and 31.96 nm, respectively.

Further, we have fabricated the visible reflector (using solutions A2 and B2)
and found that the multilayer structure of 2.5 pairs of TiO2/SiO2 was sufficient to
have 100% reflectance in the visible region with its center wavelength of 563 nm, as
shown in Fig. 2a. The multilayer films of TiO2/SiO2/TiO2/SiO2/TiO2 were examined
by SEM cross-sectional study and depicted in Fig. 2b. The estimated thicknesses of
the constituent films of TiO2, SiO2, TiO2, SiO2, and TiO2 were 95.33 nm, 196.28 nm,
117.77 nm, 145.81 nm, and 67.29 nm, respectively.

Finally, near-infrared (NIR) reflector was fabricated using solutions A3 and B3.
The examination of reflectance was performed by using a UV–Vis spectrometer as
shown in Fig. 3a. One can clearly observe a broad peak centered at wavelength
of 831 nm.

Preparation of 2.5 pairs of TiO2/SiO2 films was found enough to achieve a 100%
reflectance. The confirmation of 2.5 pairs of TiO2/SiO2 was carried out by doing SEM
cross-sectional analysis as shown in Fig. 3b.We can clearly observe the layered struc-
ture of TiO2, SiO2, TiO2, SiO2, and TiO2 films with their thicknesses of 186.36 nm,
130.45 nm, 105.79 nm, 124.24, and 130.45 nm, respectively.

4 Conclusions

Using a simple and inexpensive method, UV, VIS, and NIR optical reflectors were
fabricated and characterized for their optical and morphological properties. By
tuning the solution chemistry, we could successfully prepare the optical reflectors of
TiO2/SiO2 having their reflection windows in the wavelength range of UV, VIS, and
NIR. The reflectance investigation evidenced the desired reflection band centered at
wavelengths of 380, 563, and832nmcorresponds to theUV,VIS, andNIR spectrums.
To achieve 100% reflectance in the VIS and NIR regions, 2.5 pairs of TiO2/SiO2

films were found sufficient, whereas to attain UV reflectance it was of 3.5 pairs. The
cross-sectional investigations of various reflectors demonstrated the fabrication of
the periodic layer of TiO2 and SiO2. In summary, the solution preparation chemistry
played a significant role in fabricating the UV, VIS, and NIR reflectors that, too, in
a cost-effective and straightforward way.
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Fig. 2 Reflectance spectra (a) and cross-sectional image (b) of the visible reflector
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Fig. 3 Reflectance spectra (a) and cross-sectional image (b) of the near-infrared reflector
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Job Safety Analysis for Various
Operations in Cement Industry Using
Risk Assessment Matrix

R. Manikandan, G. Rampranav, T. Rajpradesh, and S. Rajesh

Abstract Cement is a basic material which is used for buildings, and it is made up of
various combinations of natural substances such as limestone, shells and chalk with
clay, and silica sand. During working with cement manufacturing process, workers
are exposed to various hazards in their working place. Not only the physical hazard
but also the workers are affected mentally through noise, high temperature, and
some kind of health risk. The workers should have safety awareness and knowledge
to reduce the accidents. A job safety analysis (JSA) is a one of the safety tools and
techniques to evaluate the potential hazards associated with each work and provide
the proper control measures for the recognized hazards. In cement industry, the job is
categorized into non-routine job, new job, and frequently occurring accident job, and
this tool is applied. The outcome of this risk assessment methodology provides to
control measures for the presence of health and safety hazards in the cement industry.

Keywords Job safety analysis · Risk assessment · Cement · Hazard · Accidents

1 Introduction

In our country, the cement sector is one of the most important branches in economic
development. The labor power plays a major role in the supply and treatment of raw
material. The cement plants exposed some risk to the workers like dust, noise, and
vibration, and this kind of health risk must be protected. Ensuring safety and health
for the employees who are working in the industry is more important. The accidents
and health problems for theworkers cannot be avoided, and also high temperaturewill
affect theworkersmentally. Basically, cement industry hasmore potential for hazard,
because in the industry workers are exposed to cement dust, it affects human health
[1]. The fundamental part of the industry is unsafe working environment and unsafe
workplace due to the presence of hazard in theirmethod [2]. The concept of job safety
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analysis (JSA) and method of identifying the potential hazard from the workplace
have been carried out from this paper. Engineering industry involves the production
and manufacturing of large amount of products by handling hazardous equipment.
The workers who engaged in material handling are met up with risk. It may lead to
accidents, explosion, fire, and various hazards. Proper safety system is required for
worker’s safety life. Job safety analysis (JSA) is a technique which focuses on job
task and identifies hazards before it occurs. It focuses on the relationship between
the workers and their task. Selection of job is based on the accident frequency,
severity, new job, and repetitive exposure [3]. This study was done at Chettinad
Cement Corporations Ltd., Karur, and it aims at identifying the major hazards in
the cement industry and provides guidelines to reduce the risk associated and to
maintain the health of the employees. Not only the physical health issues but also the
noise exposure issue and ergonomics of workers are studied. Though the company
has ISO 14001/2004, certifications in the abovementioned suggestions will help the
management to mitigate serious occupational health hazards and also reduce the
compensation for workers through the occurrence of accidents or health hazards
[4]. The purpose of the paper is to avoid accidents and health problems during the
operation involved in the cement industry. The workers are exposed to dust, noise,
and high-temperature effects which lead to many occupational hazards such as work
injuries, allergic problems, and fatality. Safety risk scores to be identified for risk
analysis. After determining the risks for the workers, the safety risk tables were
prepared, and the possible risks were classified as high, moderate, and low-risk
degrees concerning occupational and safety risk management system. It was found
that the crusher, raw material and cement mills, and rotary kiln are the most dust,
noise, and vibration producing units [5]. International Safety Standards state that the
first step of risk assessment is to understand the situation and eliminates the hazard.
Job safety analysis is the traditional method for risk assessment, where the operator
can analyze the sequential tasks. This article possesses that equal emphasis should
be given to the participants working in the workplace [6].

Because of certain accidents, JSA is compulsive to avoid such risk and to control
the hazard in the workplace. Therefore, the cement industry should take corrective
measurements, evaluation, and control of such risk. In industry, workers use chemi-
cals and additives for the manufacturing process at a high temperature. If there any
exploded happened, the environment and people will be effect. To forbid from any
accidents or hazards happened, the safe procedure for the job should be improved.
Every analyzing tool has its procedure to check for hazards and to give the control
measure. The abnormal events and abnormal time sequence can be identified by using
the graphical method. The risk assessment matrix method can address the amount of
risk held during the operation [7].
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2 Materials and Methods

In this paper, the risk analysis and assessment havebeen carried out in cement industry
according to job safety analysis (JSA) tool. In this, the cement manufacturing process
can be divided into five main sections which are as follows:

1. Raw grinding,
2. Storage and Transportation,
3. Raw milling,
4. Clinker,
5. Cement milling.

2.1 Summary of the Cement Plant

The first step in the cement production process is the raw materials that are used
to manufacture cement (limestone and clay) which is blasted from the quarry. After
crushing, the raw materials are transported to the plant by conveyor. Before homog-
enized, the plant stores the material. Too finely ground, the materials are transferred
to the raw mill, to produce raw mix. The raw mix is preheated before it goes into
the kiln, and by the flame, it can be heated to 2000 °c to produce clinker. When it
leaves the kiln, the clinker is rapidly cooled with the atmosphere. This is the basic
material to make cement. The gypsum and the secondary additives are added to the
clinker, and it is transferred to the grinding for a very finely ground cement. That is
transferred to silos to store the cement.

2.2 Methodology

A job safety analysis is a technique or a tool that focuses on a particular job to
identify the potential hazard or risk before they occur. It helps to eliminate or reduce
the hazard to an acceptable level. It is also called task-oriented risk assessment task
which is used to review the hazard and errors in a particular work task and to ensure
that suitable safeguards are in place to control those hazards and errors. To prevent
harm to the individual(s), carrying out the task is themain goal of the analysis [8]. The
JSA divides the job into steps which are based on the frequently occurring accident
job, high severity job, non-routine job, and new job. By dividing the critical job
into several steps, the potential hazard can be eliminated. Eliminating the hazard is
more important than reducing the hazard. The JSA process covers Four major steps:
They are identifying hazard, access the probability, and access the consequences [9].
The safe work procedure and practices have been identified by conducting effective
Job Safety Analysis technique [10]. The final JSA result brings for the decision on
whether the job which is carrying out is acceptable to proceed [11].
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The basic steps of conducting the JSA are as follows:

1. Select the job to be analyzed.
2. Separate the job into a sequence of steps.
3. Identify the hazard in each step.
4. Provide preventive measures to overcome the hazard (Fig. 1).

To describe the potential risk as quantitatively or for comparing purpose, the
risk assessment matrix table is used. In that table, the probability of risk can be
divided into four types. They are very likely, probable, possible, and unlikely. And
the severity can also be divided into four types. They areminor, marginal, critical, and
fatality. Risk assessment technique consist of four different processes: identifying,
analyzing, evaluating, and risk management [12]. It is inadequate to explain the
illness at work and injuries occurred by hazard and stresses alone [13]. Numeric
risk assessment matrix table is designed to describe the risks quantitatively and for
comparison purpose [14]. It is presented to examine the conditions that leads to
accident event and therefore to prevent the accident rate in the industry [15]. The
risk assessment matrix is shown in Table 1.

Fig. 1 Basic steps of JSA
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Table 1 Risk assessment matrix [14]

Risk (R) Consequence (C)

Minor Marginal Critical Fatality

Probability (P) Very likely 4 8 12 16

Probable 3 6 9 12

Possible 2 4 6 8

Unlikely 1 2 3 4

Probability (P):
Very likely Events occur more than 5 times. The credit rating is 4.
Probable Events occur 3 to 4 times. The credit rating is 3.
Possible Events occur 1 or 2 times. The credit rating is 2.
Unlikely Events never occurred but should be noticed. The credit rating is 1.
Consequence (C):
Fatality: More than 1 person dies. The credit rating is 4.
Critical: 1 person die or more than 5 people get injured. The credit rating is 3.
Marginal: No death but 3 to 4 persons get injured. The credit rating is 2.
Minor: 1 or 2 persons get injured slightly. The credit rating is 1.

Risk(R) = Consequence(C) ∗ Probability(P)

2.2.1 Problem Identification and Solution

This research focuses only on crushing operation, milling operation, silo cleaning
operation, clinker operation, and filtering operation in cement industry. During these
various types of operations, the number of hazards takes place.

Hazards in crushing operation are as follows:

1. Rotational movement of the parts of the crusher.
2. Exposure to noise and dust of the crusher.
3. Transportation of raw materials.
4. Maintenance activities inside the crusher.
5. Electrical problems (Table 2).

Hazards in milling operation are as follows:

1. Movement of the parts of the machinery.
2. Falling of material from the height in case of protection ducting is blocked.
3. Exposure of dust and noise.
4. Hurling of mill parts.
5. Airborne dust (Table 3).

Hazards in silo cleaning operation are as follows:
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Table 2 Risk score in crushing operation

Step No Potential hazards Recommended action Risk score

C P R

1 The moving part of the crusher
comes in contact with the
workers

• The machinery should be
guarded

• The safety line should be
marked in moving machinery

2 3 6

2 During the maintenance of
electrical parts and electric
cables

• Authorized personnel must be
involved

• Electric cables should be
coated with electrical tape

1 3 3

3 Exposure to noise and dust • PPE like earplugs must be used
• PPE like air respirators or
masks can be used

2 4 8

4 During traveling of raw
materials slip, trip or fall may
occur

• The vehicle is positioned at
load and discharge point at
safe distance

• Only qualified and authorized
personnel are permitted for
transporting

2 2 4

Table 3 Risk score in milling operation

Step No Potential hazards Recommended action Risk score

C P R

1 Airborne dust in the milling
area might harm

• Duct suction system can be
used

• PPE like respirators can be
used to avoid inhalation

3 4 12

2 Excessive noise levels • Try to minimize the noise at
the source

• Use proper PPEs like earplug
and earmuff

2 4 8

3 Moving parts of the milling
machine

• It should be properly guarded
• The safety line should be
marked near the moving part
of the milling machine

2 2 4

4 Falling of material from
height

• Use only licensed personnel
who are appropriately trained

• Experienced height workers

2 2 4

1. Internal cleaning of silos is high risk and frequent operation.
2. Confined space work.
3. Falling of material.
4. Falling of personnel from the working platform.
5. Exposure of dust.
6. Insufficient ventilation (Table 4).
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Table 4 Risk score in silo cleaning operation

Step no Potential hazards Recommended action Risk score

C P R

1 Working in a confined space
inside the silo might cause
harm

• PPE must be used
• The work should be supervised
• Make sure the oxygen level
inside the confined space

4 4 16

2 Falling of personnel during
accessing the work areas

• Approved and tested lifting
device

• Use only licensed personnel to
do the work in height and
make sure the personnel have
all the insurance and certificate

3 3 9

3 Insufficient ventilation during
cleaning the silos from the
storage area

• Use an exhaust fan in the
storage area

• Use ridge vent or gable vent in
the storage area

4 4 16

4 Exposure of dust inside the
silo, might cause harm

• Use PPE like respirators and
mask for covering the nose

• Use duct suction system in the
storage area

3 3 9

Hazards in clinker operation are as follows:

1. Contact with superheated materials.
2. Exposure to heat and noise.
3. Fall from height.
4. Confined space work.
5. Use of high-pressure pump (Table 5).

Hazards in filtering operation are as follows:

1. Electrical hazards (for electrostatic filters).
2. Exposure of dust.
3. Explosion due to the existence of increased concentration of CO in coal dust.
4. Operatives falling from height.
5. High temperature (Tables 6 and 7).

3 Result and Discussion

The potential hazards in the crushing,milling, silos-cleaning, clinkering, and filtering
operating processes can be converted into a safe and excellent benefit method. Table
8 represents the risk ranking level during the various operations were carried out.
The presence of risk level is reduced after implementing the JSA technique for all
the oerations. It is higher before implementing the JSA technique.
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Table 5 Risk score in clinkering operation

Step no Potential hazards Recommended action Risk score

C P R

1 The personnel may contact with
superheated material while
working in hot work process

• Proper isolation of system
• Proper PPE
• Hoses in good condition
• Proper fire extinguisher set up
• Development of experienced
personnel

3 4 12

2 Exposure of heat and noise • Use proper PPE and fire
suppression system

• Use PPE like earplug and
earmuff used to protect from
the noise

2 3 6

3 During the pressure pump
handling, some hazards may
occur

• Never increase the test
pressure more than maximum
allowance pressure

• Ensure that the personnel
wearing the proper PPE

• Isolate the equipment from all
the sources of energy when
not in use

• Monitor the pressure gauge
from a safe distance away
from the potential source

• Maintenance and check of
high-pressure line

2 3 6

4 Conclusion

In cement industry, during manufacturing of cement, the various hazards are iden-
tified in crushing, milling, silo cleaning, clinkering, and filtering operation using
JSA technique. The risk level is noted from the recognized hazards. The recognized
hazards are eliminated, and recommended actions are also given using JSA technique.
The recommended actions are implemented in their working place. In addition to
safety tools, other methods like PPE, administrative, and engineering control are also
playing main roles to control the hazards in hazardous working environment. This
paper can support productive direction for the workers and supervisors who face the
risk while doing the operation.
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Table 6 Risk score of filtering operation

Step no Potential hazards Recommended action Risk score

C P R

1 Short circuit can be created, if
the filter is not earthed properly

• Adequate securing of the filter
• Unplug electrical cord and
retain control of plug during
repair

3 2 6

2 Exposure of dust and high
temperature

• Use PPE like respirators and
dust masks

• Thermal insulation of
equipment

• Use proper PPE for protecting
us from the hot work

2 3 6

3 Explosion due to high
concentration of CO in coal
dust

• Immediate removal of CO
source

• Inform to the folks before start
working under CO

• Use proper PPE like respirator
and mask

• Immediate oxygen should be
provided for the personnel who
suffers by CO

2 2 4
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Table 7 Risk score of after implementing JSA in all process

S.
No.

Operation Risk score

C P R

1 Crushing

The moving part of the crusher comes in contact with the workers 2 2 4

During the maintenance of electrical parts and electric cables 2 1 2

Exposure to noise and Dust 4 1 4

During traveling of raw materials slip, trip or fall may occur 1 1 1

2 Milling

Airborne dust in the milling area might harm 4 2 8

Excessive noise levels 4 1 4

Moving parts of the milling machine 2 1 2

Falling of material from height 1 1 1

3 Silo cleaning

Working in a confined space inside the silo might cause harm 2 3 6

Falling of personnel during accessing the work areas 1 3 3

Insufficient ventilation during cleaning the silos from the storage
area

4 3 12

Exposure of dust inside the silo might cause harm 2 2 4

4 Clinkering

The personnel may contact with superheated material while working
in hot work process

2 2 4

Exposure of heat and noise 2 2 4

During the pressure pump handling, some hazards may occur 2 1 2

5 Filtering

Electricity can be created, if the filter is not earthed properly 2 1 2

Exposure of dust and high temperature 2 2 4

Explosion due to high concentration of CO in coal dust 2 2 4

Table 8 Risk rank for before
and after implementation of
JSA

S. No. Operation Risk rank

Before After

1 Crushing 21 11

2 Milling 28 15

3 Silo cleaning 50 25

4 Clinker 32 10

5 Filtering 16 10
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Fig. 2 Graphical presentation of before and after implementation of JSA
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To Reduce the Setting Piece Rejection
Rate in Gear Hobbing Process
by Advanced Product Quality Planning

R. Sivakumar, A. Boobal, M. Gowtham, and P. Senevasa Perumal

Abstract “Right the First Time” principle is to reduce the number of gear hobbing
process rejection rate, reason of rework, scrap and change orders so customers are
dissatisfied. The main objective of this project is to produce the first time right robust
product, without setting piece rejection, also increasing the consistent product quality
and productivity. While the machine setting changes, the first piece gets scrap due to
improper tool selection and improper process parameters in Pfauter PE1000machine
for hobbing and skivingoperation. In every setting change inPfauter PE1000machine
for part number of 1000904, the first piece gets scrapped. To reduce the setting piece
rejection rate, we found a proper root causes that are (1) part nominal height, (2)
fixture locating height and (3) hob diameter. The permanent corrective action to
prevent that setting rejection in Pfauter for part number of 1000904 is to measure
the part with TRIMOS, dial gauge, coordinate measuring machine and micrometer
that reduces the rejection rate from 14 to 1. Initial inspection, hob diameter and hob
nomenclature are also reassigned to prevent the setting piece rejection. By advanced
product quality planning, the Six Sigma value is increased from 3.9 to 4.9 and the
rejection rate is decreased from 7458 to 441 PPM.

Keywords Pfauter PE1000 machine · Part nominal height · Fixture locating
height · Hob diameter
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1 Introduction

Defining the “Right the First Time” principle, the goal is to minimize the number
of product issues that get past design release and cause rework, scrap and change
orders, leading to displeased customers. This project was carried out in Sri Murugan
Gears, Hosur, to improve productivity. Improved high productivity, timely export
performance combined with lower costs, materials, overtime, scrap and other costs.
Youhave implemented standard quality processes and applications, such as enterprise
resource planning and quality management systems. However, your first time right
(FDR) metrics may be as good as yours. You need to “implement” quality and plan
and manage it. What your organization needs is integrated, customizable MES that
helps predict and prevent quality problems before they occur. Gleason-Pfauter PE
1000 Gear Profile Grinding Machine is made for external, internal spur grinding
and helical gears on cylindrical workpieces, as well as any other profile or form
which can be ground by the single indexing. The machine is designed for the use
of dressable grinding wheels as well as non-dressable single-plated CBN wheels.
Pfauter machine is a gear cutter machine, which can be used for the hobbing and
skiving operation for all angles such as (0°–130°).

COPQ is a calibrate of the cost an organization faces due to the provision of
substandard products and services. Three types are available:

• Prevention
• Evaluation
• Failure.

It is expressed in numerical form as a percentage of sales and can be mathemati-
cally calculated using the above three factors

COPQ = Prevention + Evaluation + Failure

Correct and preventive action (CAPA, also known as corrective action or simply
corrective action) consists of improvements in the processes of a company that has
been taken to eliminate the causes of non-compliance or other undesirable circum-
stances. This usually requires the correction and removal of continuous inactivity
that a company must take in the production, documentation, practices or systems
of operations, laws or regulations. Adjustment and preventive action is designed by
a team that includes quality assurance personnel and personnel. It should be duly
implemented and observed for its ability to repeat such incompatibility repeatedly.
Six Sigma strategies seek to improve the output quality of a process by identifying the
causes of defects and reducing variability in manufacturing and business processes.
It uses a suite of quality management systems, mainly for building on the experi-
ence, statistical methods and specialized infrastructure of those in the organization
who are experts in these methods. Each Six Sigma project within a company follows
defined steps and has specific value goals, for example: reducing process cycle time,
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reducing pollution, reducing costs, increasing customer satisfaction and increasing
profits.

2 Objective

• To produce the first time robust product and without setting piece rejection in gear
hobbing process.

• To increase the consistent product quality and productivity of Pfauter PE1000
machine.

• To reduce the part per million (PPM) and increase the sigma value for quality
improvement.

3 Problem Identification

• It was observed from the production logbook of Pfauter PE1000 machine for past
two months that in majority of the causes the first piece is getting rejected during
setup change resulting in increased setup time and also less production.

• The first piece of hobbing operation is getting reworked that increased setup time
and less output in Pfauter.

• InMachine Setting Approval Chart/Statistical Process Control [MSAC/SPC] data
book, we found a greater number of setting piece rejections in gear hobbing
process of the part number 1000904.

• The quality plan/control plan chart cannot be maintained properly; due to that,
the changed value of the part dimensions is not updated in the chart which causes
rejection of workpiece.

• Improper measurement of part height and fixture height for setting the workpiece
in Pfauter machine.

4 Solution

(1) Part height: To measuring the part height by using the TRIMOS and check with
the instruction sheet and update of the free list. (2) Fixture height: To measuring the
fixture height with dial stand by proper dialing and tighten the fixture with updating
of free list. Two important components that assist in building and testing products
are fixtures and jigs. To reduce the rejection rate by proper fixing of fixture. Fixtures
locate, hold or test a work in progress (WIP) part or assembly during amanufacturing
operation, while jigs hold and guide cutting tools in drilling and boring operations.
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5 Literature Review

This paper shows a Six Sigma initiative guided by a semiconductor system dedicated
to combining circuit cartridges for inkjet printers. They are tried by electricity in the
last stage of the process of evaluating electrical properties to recognize or reject them.
Power outage represents 50% of all things. Along these lines, it is important to set
policy issues, causes and functions to reduce the dimension of defects. Through the
use of Six Sigma, determining key components, distinguishing the best dimensions
or resilience and development openings is imaginative [1]. The main considera-
tions that were found through a structure of analyses 3 components and 2 levels
were: grating weight (90–95 psi), stature of the instrument (0.06–0.05) and process
duration (7000–8000 ms.). The improvement was a decrease in the electrical disap-
pointments of around 50% [2]. The outcomes demonstrated that with legitimate use
of this system and backing for the group and staff of the association, a positive effect
on the quality and different highlights basic to consumer loyalty can be accomplished
[3]. The motivation behind this thesis is basically to censor the green lean system and
restrict it. Look at the similarity of green, lean and Six Sigma ideas and Six Sigma
and uniquely its critical thinking system DMAIC. Indeed, gains and efficiencies and
late consumer loyalty, quality and responsive spaces were the overall excitement
for associations [4]. The move toward greener activities and items has constrained
organizations to look for choices to consolidate these with green destinations and
activities. Green lean is the consequence of this blend. In this manner, the paper
reasonably proposes Green Lean Six Sigma [5]. Tools and techniques about produc-
tion are widely used to eliminate various types of waste and increase the profitability
of the system by making the process more efficient. The slim ones make extra: less
time, inventory, space, people and money [6]. The lean manufacturing approach is to
convert a value-added operation into a value-added process. Lean manufacturing has
its impact on employees and customers [7]. The ultimate goal is to create the right
value for the customer through an effective value creation system with zero waste.
This article presents a literature review on lean tools and practical technique for lean
manufacturing [8].

6 Experimental Work

According to QMS, we found that some of the important parameters of gear hobbing
process are

1. Setting part
2. Setting time
3. Operator
4. First piece status
5. Running piece status
6. WIP tracking sheet
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7. Quality plan/control plan
8. Instrument availability
9. MSAC/SPC.

6.1 Hob Selection

Pfauter machine setting requirements are:

1. Number of teeth
2. Module
3. Axis angle
4. Cutting depth
5. Part maximum diameter
6. Part minimum diameter
7. Fixture height
8. Part height
9. Hob diameter
10. Hob lead angle.

6.2 Gear Specifications

No of teeth: 42.
Normal module: 1.75 mm.
Minimum pressure angle: 13.339°
Maximum pressure angle: 39.878°
Axis angle: 90°
Tooth height: 3.661 mm.

6.3 Rejection Rate

In manufacturing, the rejection rate is

RR = (Rejected quantity/Produced quantity) ∗ 100

= (14/1845) ∗ 100

= (0.00758) ∗ 100
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6.4 DPPM Six Sigma

DPPM represents the number of defects per million in the Six Sigma metric change.
DPPM conversion is commonly used in manufacturing. DPPM is often used when
estimating the rate of defect in a continuous object. The following table summarizes
the parts of a million defects that can be converted into short-term or long-term
process sigma.

Now, we can calculate the defects parts per million

DPPM = (Rejected quantity/Produced quantity) ∗ 1,000, 000

= (14/1845) ∗ 1,000, 000

= 7588

When applying the advanced product quality planning (APQP) (corrective
actions) in Pfauter machine, we reduced first piece rejection rate.

No. of defects found = 1.
No. of settings change = 42.
No. of sample produced = 2264

Output = No. of rejections/No. of Settings

= 1/42

= 0.023

Six Sigma evaluation after advanced product quality planning.
Now, we calculated the defects parts per million after implementation

PPM = (Rejected quantity/Produced quantity) ∗ 1,000, 000

No. of defects found = 1

No. of settings change = 42

No.of sample produced = 2264

= (1/2264) ∗ 1,000, 000

= (
4.4169 × 10−4) ∗ 1,000, 000

= 441 PPM
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Fig. 1 Before and after
implementation of advanced
product quality planning
(APQP)—rejection rate

Before 
PPM -
7458

A er PPM  
- 441

Rejection Rate

7 Result and Discussion

7.1 Rejection Rate Comparison

Earlier PPM = 7458 (before APQP implementation).
Current PPM = 441 (after APQP implementation).
Figure 1 shows rejection rate comparison of the gear hobbing part 1000904, before

implementation the PPM is 7458, and after implementation the PPM is reduced to
441. APQP helps to achieve low rejection rate in production industry.

7.2 Six Sigma Comparison

Before APQP implementation = 3.9–4.0
After APQP implementation = 4.8–4.9
Figure 2 shows comparison of Six Sigma value of the gear hobbing part 1000904,

before implementation Six Sigma value is 3.9, after implementation Six Sigma value
is increased to 4.9, and more Six Sigma value is indicated to more process capable
and quality improvement.

Figure 3 shows overview of rejection rate, parts per million (ppm) and Six Sigma
of the gear hobbing part 1000904. In that, rejection rate and PPM are reduced and
then Six Sigma value is increased.

Fig. 2 Before and after
implementation of advanced
product quality planning
(APQP)—Six Sigma value

Before 
Sigma -

3.9

After
Sigma -

4.9

Six-Sigma
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Rejec on 
Rate 

PPM 

Reduced 
Reduced 

Six-Sigma  Value 

Increased

Fig. 3 Overview of rejection rate, parts per million (ppm) and Six Sigma

8 Conclusion

• This project works on to produce the first time right robust product, without
getting setting piece rejection and also increasing the consistent product quality
and productivity by advanced product quality planning (APQP) and Six Sigma
center tools for reducing the cost of poor quality.

• In our project, we have taken the part 1000904, in that we found 14 rejections due
to improper tool selection and improper process parameters so we took an action
to reduce the rejection rate by the following root ways such as part height, fixture
height and hob diameter.

• In this project, we reduced the rejection in Pfauter PE1000 machine with
increasing the sigma and reducing the parts per million (PPM). This results in
the Pfauter machine to perform the accurate hobbing and skiving with zero-piece
rejection.
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Development of Linear Automation
in Butt Joint Fixture to Enhance Welding
Characteristics

R. Sivakumar, S. Bhoopathi, R. Muralirajan, and E. Chinnayan

Abstract In today’s global economy, the survival of companies depends on their
ability to innovate and improve quickly. Metal Inert Gas (MIG) welding can apply
for many kinds of material such as mild steel, carbon steel, stainless steel, aluminum.
This paper deals with the fabrication of MIG welding fixtures to clamp work piece
and reduce the rejection ratio in production and reduce the welding distortion. The
automation is used to welding the work piece for increasing the quality and produc-
tion. Fixtures are essential components of themanufacturing process because they are
required inmost automatedmanufacturing, inspection, and assembly operations. The
device is provided to support and control the work area with fixture providing a linear
motion by the motor. Using fixing and automation welding often eliminates the need
for verification, positioning, personal marking, and the same quality in the manu-
facturing process. These increase productivity and reduce operating time compared
to manual welding. Automation welding process gives a best result compared to the
manual welding. Some of the issues are occurred during manual welding (welding
distortion, imperfect welding, less quality, and lower production rate). These prob-
lems can be solved by using automation welding process. In welding distortion, the
automation rate of welding capacity increases 50% compared to manual welding
rate. In imperfect welding joint, the fixture setup helps us to weld the work piece
with 45% more efficiently.
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1 Introduction

The project is carry out by the following company. In BULL, innovation is a way
of life where quality is first priority. Bull, 54, of Ave. owned by the group; it has
diversified companies employing more than 2000 people. Bull is the Indian leader in
its class and division of loaders and backhoes. The company is ISO certified company
9001 and 2008. Fixture is required in various industries according to their use. The
design of the new fixture has been replaced with the old one due to some flaws.
Component positioning is done manually, so more rotation time is required to load
and unload the component. Therefore, there is a need to create a system that helps
reduce productivity, accuracy, and time. Over the past century, manufacturing has
made significant strides. New machine tools, high-performance cutting tools, and
modern manufacturing processes make today’s businesses faster and better than ever
before. The methods of holding the work have improved considerably, and the basic
principles of tightening and finding are still intact. Mass productionmethods demand
quick and easy positioning for precise operations. Fixtures are manufacturing tools
used to precisely copy and transfer parts. The use of one component creates a very
simple operation; otherwise, it takes a lot of skill and time. Fixtures position elements
precisely to keep the components tight and prevent movement while working to
provide greater productivity and part accuracy. Fixtures hold or capture a work area
in a predetermined manner. Each component is designed to hold, support, and locate
each component to ensure that it is drilled or machined within specified limits. The
proper relationship and alignment between the weld holder and the work piece are
maintained.

2 Objective

• To eliminate marking, punching, positioning, alignments while drilling and
grinding the material, etc. Identify, support, and tighten the hollow, easy, fast,
and stable position of the cutting tool in the welding process.

• Guidance for cutting tool like drill, reamer, etc.
• Increase productivity and maintain product quality after use of fixture assembly.
• To reduce the operator’s labor and efficiency—the need for automation welding.
• Reduce its measurement cost.
• Improving the technical capability of linear butt joint welding machine tools.
• Reduce overall machining costs and increase transmission without affecting the

company’s revenue and source of income.



Development of Linear Automation in Butt Joint Fixture … 387

3 Problem Identification

• Weld distortion—whilewelding the component (arm).Distortion due to shrinkage
due to large heat input during welding.

• Imperfect welding butt joint by manual welding. Overlaps may occur due to low
currents, long arc length, and slow welding speed.

• Less quality in welding joints.
• Less production to achieve monthly target. Better welding productivity includes

faster welding, more arc time, and less welding (less metal deposition).

4 Solution

• Fixtures are essential components of the manufacturing process, as they are
required in most automated manufacturing, inspection, and assembly operations

• The device is provided to support and control the work area. Using fixing
and automation welding often eliminates the need for verification, positioning,
personal marking, and the same quality in the manufacturing process.

• These increase productivity and reduce operating time when compared to manual
welding. The weld distortion can be avoided by using fixture. Perfect welding
joint can be increased by automation welding.

5 Literature Review

Modular fixture are assembled by different quick acting universal
elements designed and produced to meet the need for faster and economical
way of fixturing [1]. There are all types and designs of welding positioners; some of
which are fixed tables that are always vertical and are called headstock positioners.
The type of tilt that is rotated and rotated in both directions which are often called
welding positioners [2]. We have developed a clamping system and a tooling system
for vertical grinding machine to measure Frictionless Welding (FSW) functions and
process forces. A new type of adjustable fixture has been designed, with a view to
creating space (i.e., lateral movement) and cross-movement of the workplace [3].
Welded using grade 317 steel fusion and resistancemethods. This alloy oxyacetylene
welding method is not preferred. You can use AWS E/ER317 or 317L filler metal for
better results [4]. Trigger welding is the most straight forward application to a power
inverter. Practical welders require power conditions of up to 1 MW simultaneously,
while frequencies in the range of 200–500 kHz depend on pipe ignition [5]. Work
analysis is a process used to understand what the important tasks of the job are,
how they are perform, and what human attributes are important to carry them out
successfully [6]. Annealing is the process work for controlled heating and cooling
of a substance, the purpose of changing the microstructure to eliminate stress or to
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change the properties of hardness, strength, or durability. There are frequent benefits
of annealing in metals to eliminate stresses induced by cold work [7].

6 Experimental Work

Figure 1a Welding fixture without work piece is an initial setup which has holding
arms for the work piece, then roller fitted to provide a linear motion for automation.
Figure 1b Welding fixtures with work piece is an experimental setup for the linear
automation butt joint welding. On the bottom, the bed is provided for carry the
fixtures. Both side fixture is fixed to carry the work piece completely without any

Fig. 1 a Welding fixtures without work piece. bWelding fixtures with work piece
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shaking, and at the top, the welding rod is fixed for linear welding work. Once work
piece is fixed, we tight the fixture gets closure to the work piece. When switch on
the machine, the welding process starts to happen in a linear motion produced by the
motor, after complete one work piece.We release the arm and insert the another work
piece. If the work piece is on different size, then the fixture will adjust according to
the work piece sizes by manually. From this, we can easily weld the different size of
work pieces with good quality manner.

7 Result and Discussion

Hold the gun at a 90° angle to the work piece, directing the filler material straight into
the joint. By using the manual welding, the production rate is lower. The main reason
is that the welder can’t direct the gun at a 90° for a long period but in automation the
gun can moved at 90° by using track (Table 1).

Figure 2 shows the comparison of manual welding and automation welding. From
the first day of automation welding, the welded work piece material increases with
less labor cost, problem rectifying factors like better finishing, improving the quality
and quantity. As per results, we calculate the average for automation and manual
welding to analyze overall advantages of the automation welding.

Ultrasonic test has carried out for manual and automatic welding parts to identify
the defects of cracks, voids, pores, etc. In manual welding having higher defects rate
when compared to the automatic welding, which is shown in Fig. 3.

7.1 Average for Number Pieces Welded by Automation
Process
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Fig. 2 Comparison of manual welding and automation welding
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Fig. 3 Comparison of manual and automatic welding parts with ultrasonic test

= (22+ 25+ 26+ 20+ 22+ 20+ 24+ 23+ 21+ 28+ 19+ 28

+ 22+ 21+ 24+ 26+ 27+ 22+ 24+ 20+ 24+ 29+ 27+ 24+ 22)/25

= 24 welded pieces per shift.

7.2 Average for Number of Pieces Welded by Manual Process

= (22+ 25+ 26+ 20+ 22+ 20+ 24+ 23+ 21+ 28+ 19+ 28+ 22+ 21+ 24

+ 26+ 27+ 22+ 24+ 20+ 24+ 29+ 27+ 24+ 22)/25

= 17 welded pieces per shift.

• The difference between number of welded pieces for manual and automation
24–17 = 7 welded pieces per shift.

• By using fixture automation, 7 welded pieces are increased per shift.
• Per day 14 welded pieces are increased in production rate.
• Approximately, per month (14 * 25) = 350 welded pieces.
• Approximately, per year (350 * 12) = 4200 welded pieces (Fig. 4).

(a) Welding with distortion               (b) Welding without distortion

Fig. 4. a Welding with distortion. bWelding without distortion
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Table 1 Number of work piece welded by manual and automation MIG welding

Day Manual welding (No. of pieces per shift) Automation welding (No. of pieces per shift)

1 14 22

2 18 25

3 22 26

4 12 20

5 15 22

8 Conclusion

By manual welding process, the some of the issues are occurred (welding distortion,
imperfect welding, less quality, and lower production rate). These problems can be
solved by using automation welding process.

1. In welding distortion, the automation rate of welding capacity increases 50%
compared to manual welding rate.

2. In imperfect welding joint, the fixture setup helps us to weld the work piece with
45% more efficiently.

3. In quality area, the compared result of automation welding to manual welding
increases with the highest production rate of 40%.

4. Automatic welding process having lower defects compared to manual welding.

9 Future Scope

The future work of this project is that, to design and manufacture the all types of
fixture in one fixture.
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Corrosion Behavior of Brass
in Methanol-Gasoline Fuel Blends

H. N. Meenakshi and Shraddha Dilip More

Abstract Alcohols have become attractive alternate to fossil fuels in the present oil
crisis scenario because they can be obtained from varieties of natural and man-made
sources and can reduce greenhouse gases from automobile emissions. Methanol
production from biomass is one of the ways to convert waste into energy resources.
Also methanol can be used directly in engines without changing the structure of the
engines. Hence, methanol is the most attractive alcohol to be blended with fossil
fuels. But methanol is hygroscopic in nature, and water content is always present
in methanol-gasoline mixture because of strong affinity between the two substances
which is a key factor for corrosion. Materials which are in contact with fuel in
automobile applications can be grouped in three major categories: ferrous alloys,
non-ferrous alloys, and elastomers. Metallic materials can undergo corrosion and
wear when in contact with fuels. Corrosion occurred on metal surfaces in alcohol
fuel blends are mainly due to alcoholate corrosion. Materials such as copper and its
alloys (bronze and brass) can be oxidized on contact with automotive fuels and form
sediments. Copper and its alloys present in some parts of engine fuel system such
as fuel pump, bearing, and injectors are the mostly affected. Hence, the corrosion
behavior of brass in methanol-gasoline blends was studied by mass loss method and
potentiodynamic polarization method at room temperature and 40 °C with different
time periods. Oxides and hydroxides of copper and zinc formed on the brass surface
and corrosion products have been confirmed by X-ray diffraction (XRD).

Keywords Methanol · Gasoline · Brass · Corrosion

1 Introduction

Brass is one of themost common andworldwide usedmetal alloys in variety of indus-
tries for several reasons. The automotive industry is one of the top industries that use

H. N. Meenakshi (B) · S. D. More
Centre for Incubation Innovation Research and Consultancy, Jyothy Institute of Technology,
Tataguni, Off Kanakapura Road, Bengaluru, Karnataka 560082, India
e-mail: meenaparam75@gmail.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
G. Kumaresan et al. (eds.), Advances in Materials Research, Springer Proceedings
in Materials 5, https://doi.org/10.1007/978-981-15-8319-3_40

393

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8319-3_40&domain=pdf
mailto:meenaparam75@gmail.com
https://doi.org/10.1007/978-981-15-8319-3_40


394 H. N. Meenakshi and S. D. More

these alloys in their manufacturing process. C-360, C26000, C26130 grades of brass
are used in the manufacture of nozzles, bearings, and mechanical components used
in automotive industry. These components when in contact with fuel cause signifi-
cant damage to material as well as to the fuel. The existing literature highlighted that
corrosivity of biodiesel, diesel, and their blendswith differentmetals andmetal alloys
and results indicated that commercial diesel fuel was relatively lower in corrosive
nature than biodiesel [1–3]. Due to the incompatibility of materials, low-percentage
alternate fuel blends (diesel/gasoline) in volume are being used in engines at present.

Compared to diesel, these alternate fuels are more hygroscopic in nature and
absorbed moisture and condensed water on the metal surface tend to create suitable
condition for corrosion to occur. Corrosion of brass exposed to sunflower biodiesel
blends becomes more severe than that of diesel fuel [4]. Also it was found that the
highest corrosion rate of brass in petrol, followed by kerosene and least in diesel
[5]. Aquino et al. highlighted that corrosion rates of copper and brass significantly
decreases at higher temperature in the absence of oxygen but metallic ion accelerates
the oxidation reaction [6]. The corrosivity of Pongamia pinnata biodiesel and its
blendswith commercial diesel on zinc andbrass showed that zincwashighly corroded
than brass [7]. Aluminum < mild steel < copper was the order of corrosion effect
on the compatibility of metals with biodiesel-diesel-ethanol (BDE) fuel blends [8].
Fuel system materials and fuel degradation occurs in the presence of water, organic
acids, aldehydes, peroxides, ketones, and esters in oxygenated fuel [9].

Being the most popular additives, alcohols have replaced all other additives as
octane boosters in gasoline fuel. Alcohols can be promoted as alternative fuels in
internal combustion engine since they do not contain sulfur or complex organic
compounds [10]. The presence of alcohols in fuel causes corrosion to metallic fuel
system components. Low blend rates could be used to diminish corrosion prob-
lems and make the best use of alcohols [11]. Recommended fuel blend in conven-
tional vehicle engines is 10 vol % biofuels in gasoline. Previous studies have been
investigated on the compatibility of aluminum, carbon steel, 304 stainless steel, and
gray cast iron with ethanol-gasoline blends [12, 13]. There is a lack of research
on compatibility of materials with methanol-gasoline fuel blends. Compatibility of
fueling infrastructure materials with alternate fuels is necessary for confident usage
of these fuels in high-level blends. Therefore, this paper is to investigate the corrosion
behavior of brass in methanol-gasoline blends at various temperatures with different
time periods.

2 Materials and Methods

Petrol used for this investigation was purchased from nearest Indian Oil petrol pump.
Methanol anhydrous (CH3OH ≥ 99%) used are analytical grade and provided by
Bangalore scientific and industrial suppliers, Bengaluru. Commercially available
brass was procured and having the elemental composition of 65% Cu, 34.95% Zn,
0.023% Sb, 0.006% Si, Sn and Pb, Ti, 0.005% Mn, 0.002% Ni, Al, Fe, and 0.001%
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P was used for entire study. The test coupons were prepared as per ASTM standard
G1-90 and weighed before and after immersion. Finally, immersed into the fuel
blendsM10 (10%methanol+ 90%gasoline),M15 (15%methanol+ 85%gasoline),
M20 (20% methanol + 80% gasoline), M30 (30% methanol + 70% gasoline), and
P100 (100% gasoline). Corrosion of brass in fuel blends were investigated at room
temperature and 40 °C for various time periods (4 days, 10 days, and 30 days) under
static and flow condition. At the end of the test, difference in mass was measured,
and corrosion rate was calculated in miles per year as equation given in ASTM
G1. The corrosion rates under flow condition were measured using rotating cage
as per ASTM G184. The rotating cage description was detailed elsewhere [14].
Experimental procedure was given in previous publication [15].

Electrochemical analysiswas carried out by using an electrochemicalwork station
(CHI660E serial#:|1318 US model) with the conventional three electrode system of
glass cell with platinum counter electrode and saturated calomel as a reference elec-
trode. 1 cm2 surface areawas exposed to different blends (M10,M15,M20, andM30)
at room temperature. The potentiodynamic polarization parameters such as corro-
sion current density (icorr), corrosion potential (Ecorr), anodic, and cathodic slopes
(βa and βc) were obtained, and Eq. (1) is used to calculate polarization resistance
(Rp) values.

Rp = βaβc

2.3 × icorr × (βa + βc)
(1)

The fuel degradation, chemical structure, and functionalities for fuel blends were
evaluated after the corrosion studies by Fourier transform infrared spectroscopy
(FTIR) technique. The spectrum was recorded from the wave length from 4000
to 400 cm−1, using Shimandzu ATR spectrophotometer used at 4 cm−1 resolution
and total 64 scans. The surfacemorphology changes of brass in the variousmethanol-
gasoline blends were characterized by scanning electron microscopy (SEM) using
HITACHI, SU3500, and elemental analysis of the tested samples were investigated
by energy dispersive spectroscopy (EDS). XRD investigations were conducted on
BRUKER eco-D8 ADVANCE system working with Cu-Kα radiation (λ = 1.54 Å).

3 Results and Discussion

The corrosion rates of brass in methanol-gasoline fuel blends and in commercial
petrol for various immersion period at different temperatures are depicted in Fig. 1.
It is evident from the figure that M30 blend is more corrosive than other fuel blends.
Also it proved the fact that when temperature increases corrosion rate increases. In
all immersion periods and at different temperature, the corrosion rates of petrol were
found to be lesser thanmethanol blended fuels. In general, the addition ofmethanol to
petrol increases the corrosion rate. There was no significant change in the corrosion
rates of brass on long-term exposure to studied fuel blends. The highest corrosion
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Fig. 1 Corrosion rates of
brass in methanol-gasoline
fuel blends

rate has been observed in M30 for 4 days (d) of immersion at 40 °C. The order
of effect of time on the brass corrosion in methanol-gasoline blends was 4 days >
10 days > 30 days. Formation of film on the metal surface is protecting the brass
surface and decreases the corrosion rate when extend the immersion time.

Table 1 shows the comparison of corrosion rates of brass in static and flow condi-
tions after immersion of 4 days in M10, M15, M20, and M30 blends. As observed in
static, corrosion rate increasedwhenmethanol percentage increases in the fuel blends
under flow. The corrosion rates were more in flow condition than in static immersion
test. Highest corrosion rate observed in M30 under flow condition was 0.314 mpy.
Relative motion between metal and fuel is the major cause for higher corrosion rate
under flow condition [16]. Flow leads to increase in wall shear stress thereby rupture
the passive film formed on the metal surface, which causes the increase in corrosion
rate. Oxygen concentration gradient increases with the increase in flow results in
quick transfer of oxygen to the metal surface and caused the flow corrosion rate to
increases in pipe flow system [17].

FT-IR spectra of gasoline and methanol-gasoline blends (P100, M30, M20, M15,
and M10) before and after immersion of brass coupons have shown in Fig. 2.
Methanol-gasoline fuel blends exhibit separate bands in the O–H stretching region
between 3000 and 3600 cm−1, and in the C-O stretching region from 1020 to

Table 1 Comparison of
corrosion rates of brass at
various conditions after
immersion of 4 days in fuel
blends

Medium Corrosion rate (mpy)

Static Flow

M10 0.101 0.124

M15 0.137 0.167

M20 0.182 0.225

M30 0.194 0.314
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Fig. 2 FT-IR spectra of various fuel blends a before immersion b after 4 days of immersion of
brass coupons

1120 cm−1 whereas absorption peaks in those regions are the absence in P100.
O–H stretching band is observed at 3319 cm−1 for all fuel blends.

In addition to that methanol can be identified in the fingerprint region. The domi-
nant peaks at 1046 and 1088 cm−1 can be assigned to the symmetric and asymmetric
C–O stretches, respectively. In the C–H bending (1200–1600 cm−1) and stretching
(2800–3000 cm−1) regions and overlapping vibrational bands of fuel blends and
gasoline have been found. Figure 2 revealed the changes in the peaks intensities in
the C–H bending and stretching regions, O–H stretching, and C–O stretching due to
the degradation of fuel blends after immersion of brass coupons.

The obtained icorr, Ecorr, βa, βc, calculated Rp, and corrosion rate values of brass
in various fuel blends from Tafel polarization method were given in Table 2, and
corresponding plots are shown in Fig. 3. Increasing the methanol concentration
increases the aggressiveness of the media. Values of Ecorr and icorr are increasing as

Table 2 Polarization parameters for the corrosion of brass in fuel blends

Medium icorr ×
10–8(A)

Ecorr(mV) Tafel constant Rp ×
107� cm2

CR ×
10–3(mpy)βa(mV/dec) βc(mV/dec)

M10 0.118 134 4.543 5.200 17.2 0.276

M15 0.140 114.9 5.23 5.039 15.8 0.327

M20 0.585 138.7 4.949 4.963 3.71 1.373

M30 2.78 141.8 4.959 4.886 0.788 2.931
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Fig. 3 Tafel plots of brass in
M10, M15, M20, and M30

methanol concentration increases.Rp values for brass decreasing as the concentration
of methanol is increasing.

The experimental results also proved that the corrosion rate of brass increases
when alcohol concentration increases. This may be due the active behavior of brass
in alcoholic environment. Not much changes in Tafel constants (βa and βc) for brass
confirmed that there is no passive layer formation on the metal surface, and methanol
concentration do not change the mechanism of the corrosion process. Therefore,
corrosion rate increased progressively while increasing the methanol concentration
in the fuel blends.

SEM images and elemental composition of polished brass and coupons immersed
in M30 for 4 days under static and flow conditions are shown in Fig. 4a–c. Some
scratches were observed on the surface of polished specimen under microscopic
observation. The SEM images revealed that the surface damages occurred due to
corrosion on the surface of metals exposed to blend when compared to the surface
of polished coupon. Formations of occasional surface pits were observed on static
immersion test coupon due to localized corrosion damage on the surface. Surface
exposed to M30 under flow showed more number of pits and additional surface

Fig. 4 SEM images of brass specimens a polished, b static immersion, c flow
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roughness as compared to static confirmed the highest corrosion occurred on the
brass surface. The presence of oxygen on the surface after immersion is due to the
formation of corrosion products mainly oxides and hydroxides. The formation of
oxides and hydroxides with their base metals increases with increased in corrosion
process which has been proved by the higher oxygen % under flow condition than
static immersion.

XRD pattern of brass coupon immersed in M30 for 4 days has shown in Fig. 5.
Brass is an alloy of copper and zinc; hence, it has showed the high intense peaks
of copper and zinc with 2θ = 42, 49, 72, 88 (PCPDF number-00-004-0836 and 00-
004-0831). Mostly, copper and zinc will appear very closer because they have same
energy level.

Oxides of base metals, namely cupric oxide (CuO) and zinc oxide (ZnO) are
formed on the brass surface on immersion inM30which has been proved by showing
the CuO peaks with 2θ = 32.49, 38.9, 79, 78, 80.18 (PCPDF number-01-070-6831)
and ZnO peaks at 2θ = 56.55, 81.40 (PCPDF number-00-005-0664). Also formation
of cupric hydroxides [Cu(OH)2] and zinc hydroxide [Zn(OH)2] showed peaks at 2θ
= 33.79, 53.21, 63.39, 69.81 (PCPDF number-00-013-0420) and at 2θ = 37.0, 38.5,
46.99 (PCPDF number-00-020-1435), respectively.

Products formed on brass surface in alcohol fuel blends are mainly due to alcoho-
late corrosion. Alcoholate corrosion is the type of localized corrosion that can occur
on metal surface in methanol-gasoline blends in the presence of low water content.
During corrosion reaction alcoholates, also called alkoxides or ethoxides are formed
which cause pitting corrosion on the surface. These alcoholates decomposed to form
oxides of base metals. Hydroxides of copper and zinc are formed when excess water
is present in the fuel blends which have been confirmed by XRD analysis. Due to
hygroscopic nature of methanol, gradual increase of water content in fuel blends is
main cause for the formation of hydroxides as corrosion products on the brass surface
immersed in methanol-gasoline blends.

Fig. 5 XRD pattern of brass
surface coupon immersed in
M30 for 4 days
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4 Conclusions

Corrosion rates of brass were evaluated in methanol-gasoline blends, and brass
has undergone corrosion in tested fuel blends. The corrosion rates increase as the
methanol percentage increases in the fuel blends; brass is subjected to higher corro-
sion attack in M30 fuel blend followed by M20, M15, and M10. The corrosion rates
of brass are more in flow as compared to static immersion. Correlation between
electrochemical corrosion rates and mass loss corrosion rates of brass in methanol-
gasoline fuel blends were observed, and the polarization resistance of brass decreases
with increasing the methanol amount. The corrosion products formed on the brass
surfaces were mainly oxides and hydroxides of copper and zinc.
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Quantitative Risk Analysis Using HIRA
in an Automotive Manufacturing Sector

RajPradeesh Thangaraj, A. Rama Pandian, Venkumar Ponnusamy,
and Manikandan Rajenderan

Abstract In industrial arena, all successful industry has to be safe, reliable and
sustainable in its operations. The industry has to identify the hazards and assess
the risks and to bring the risks to tolerable level. For this purpose, so many risk
assessment tools are used by many industries. Like that, hazard identification and
risk assessment is a basic safety tool, to be used for identifying hazards at workplace
and assess risk level based on the severity and probability of that hazards. In this
Paper, the Risk Assessment methodology was used to evaluate the potential risk
encountered in that machinery and assembly sections in the automotive sectors.Most
of the industrial accident acts due to machines to man. Arranging the machinery risk
from higher to lower category based on their risk rating, possible control measures
will be recommended.

Keywords Hazard · Risk machinery · Control · Hazard identification and risk
assessment (HIRA)

1 Introduction

According to the department of labour, every year almost 6000 people are fatally
injured at work. More than 4 four million more people suffer non-fatal injured.
Injuries caused by machines are more severe and permanent. In moving machinery,
danger can often be removed together by mechanical safeguards and better machine
design or construction. In this Investigation Analysis, automotive industrial hazards
were identified using the Checklist analysis in each machinery and assembly line
operations. Before beginning the hazard identification and risk assessment, define
my scope of this work, the aim of this work is implementing this procedure to
all operating plants and project site of automobile industry. HIRA is a procedure to
describe a hazard can be identified as an agent, condition or activity that has potential
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to cause illness, injury, loss of property or damage to environments. In this work,
all hazards from the machinery and assembly sections in automobile industry are
identified. Risk assessment is followed after finishing hazard identification.

Risk assessment is a systematic method of identifying and analysing the hazard
associated with an activity and establishing a level of risk for each hazard [1], and for
upcoming days, every industry followed risk assessment for all hazardous process,
machinery operation and non-routine activities. Finally, control measures for all high
hazardous process are noticed in this paper.

1.1 Machinery Safety

Where exposure to machinery hazards cannot be eliminated or substituted for
machinery of improved design, risk assessment and risk control must be applied to
the hazards to reduce the risk. Workplace health and safety laws require the highest
order control be applied.

People must be provided with safe access and personal protective equipment
[PPE] that is suitable for the work they perform in, on and around machinery. A
work platform is suited to the nature of the work that allows for good posture relative
to workers, sure footing, safe environment and fall prevention and PPE, which is
a basic requirement [5]. Otherwise, the machines have some safety control devices
for reducing the chance of hazard. Basically, some control devices are necessary for
automotive industrial machines like photo guard sensor, double hand push button and
limit switches. Photo guard sensor is one of the sensing devices which are placed
both sides of dangerous area like cylindrical movement, it shut off the process, at
that time it senses any movement nearby dangerous area, and in recent industries,
type 2 and type 4 sensors are used. Double hand push button provides a highest level
of safety by forcing the operator to keep the hands outside of the machine. And limit
switch is an electromagnetic device which breaks the electrical connection when the
bottom door will open.

2 Tool Description

In this paper, the HIRA tool has being applied, which can be performed in any
industries like construction, mining, chemical, etc. It performs to identify hazard and
to determine risk. Hazard Identification and Risk assessment to proactive rather than
reactive methods for an automobile manufacturing sector to mitigate the potential
hazards present in the Assembly and Machinery sections. [2]. Using this tool, we
can analyse to control the potential and tolerable hazards.

A HIRA tool is performed by a team of qualified experts on the process, the
machinery, hazards andwork activities or a personal employeewho have experienced
on risk assessment methods usually lead these teams. Mostly, they are applying
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the selected analysis technique with subject matter from engineering, operations,
maintenance and discipline as needed [3]. The purpose of this tool is to identify
hazards and risk in every activity and sequences and assess whether it is potential or
tolerable and gives suggestion, in order to eliminate or substitute that hazards.

3 Methodology

In this Paper HIRA is a Processed Methodology Tool which is suitable to minimize
the potential injuries and incidents encountered in automotive sector. It is also used
to assessing the qualitative and Quantitative risk present in the workplace. In that
process, hazards identification plays a vital role for analysing the hazards and risk in
every machine by using a proper check sheet.

Hazard identification and risk assessment is a process of defining and describing
hazard by characterising their severity and probability. Frequency and severity and
evaluating adverse consequences, including potential loses and injuries [1]. In this
work the author will chosen the five main sections and the working conditions also
mentioned in that work, to assessing the risks in the workplace and it can be able
applied in the five major units to identify the solution and implementation for the
potential threats.

4 Hazard Identification

Hazard identification is the first step in this work. We have many sources to iden-
tify hazards inside automotive plant. Hazard identification sources are safety audit,
workplace inspection, accident investigation, team consultant, incident illness report,
health and environmental monitoring, employee complaints and observation [3].

In this Investigation Risk assessment, Workplace Inspection and observation is
used a Hazard Identification Tool to identify the hazards. Using sample inspection
prepares a proper checklist in Table 1 related to machinery hazard. In this checklist,
all machinery hazard information are questioned including pneumatic and hydraulic
system inside the machines. These are analysed in machinery and assembly section
of plant 2 in automotive industry.

4.1 Hazard Findings

In this Investigation study applied the Hazard Identification Tool and the Checklist
analysis method can be used to analysis major number of potential threats were
identified in the Machining line sections as shown in Table 2 and assembly line as
shown in Table 3 in plant 2. It is mostly based on safety control devices like photo
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Table 1 Checklist for identify machinery hazard

S. No. Checklist Yes No

1 Double hand push button working

2 Double hand push button cannot be operated in single hand

3 Check emergency button working

4 Emergency button placed in easily accessible location

5 Whether emergency button stops all hazardous process immediately

6 Emergency button—red top with yellow bottom

7 Check photo guard sensor working

8 If type 2 sensor, minimum clearance distance is 250 mm

9 If type 4 sensor, minimum clearance distance is 200 mm

10 Photo guard sensor works for all sequences

11 Photo sensor covers all hazardous movement

12 Photo sensor checking tool available

13 When interrupting photo sensor, cylinder should go to the home position.
Check for all cylinders

14 Safety guard available to avoid interruption from side and backside

15 Safety guard available in bottom if required

16 Bottom door has limit switch and is working

17 If bottom door fastened, whether it can be removed by tool only

18 Any sharp edges in machine

19 Electrical panels are locked properly

20 Wiring is properly routed

21 Wire damage

22 Any spillage of chemicals

23 Check whether the chemicals are properly stored

24 Check any manual mode operation

guard sensor, double hand push button, cylinder gap, piston and cylinder movement.
In hazard findings, the table includes cell number, operation number and operation
name and abnormalities for both machining and assembly line. Finally, align all the
abnormalities in both assembly and machining in the same table (Fig. 1). It is easy
to see which hazard is higher level and which hazard is lower level (Fig. 2).

In assembly line, some other hazards are noticed and tabulated it. In assembly
section, most of the machines work automated without manual power.
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Table 2 Hazards in machining line

S. No. Cell number Operation number Operation name Abnormalities/hazards

1 1 PDI Air gun Air leakage in housing

1 20 Dot marking Double hand push button
not working

3 1 75 Washing Absence of back side
coverage

4 1 80 High pressure washing 1. Cycle start damage
2. Photo sensor

minimum clearing
distance is less than
200 mm (type 4)

5 1 90 A Dry leak test Absence of double hand
push button

6 1 90 B Dry leak test LTM 1. Absence of side and
back guarding

2. Wires are not properly
routed and insulated

3. Photo sensor
minimum clearing
distance is less than
200 mm (type 4)

7 1 120 Bush pressing Wires are not properly
routed

8 1 140 Ultrasonic washing Absence of side mesh
(door operation)

9 1 60 Washing Cycle start setup box not
fastened

10 1 70 Leak test Absence of cylinder gap
while return movement

11 1 20 Marking Absence of side and
front coverage

12 1 180 Cap pressing Absence of cylinder gap
while return movement

13 1 190 Leak test Control panel is not
closed

14 1 20 Marking Absence of one side
guarding

15 1 70 High pressure washing Absence of limit
switches in bottom

16 1 80 Leak test Absence of cylinder gap
while return movement

18 1 20 Dot marking Absence of one side
guarding
Photo sensor not in
correct position
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Table 3 Hazards in assembly section

S. No. Cell number Operation number Operation name Abnormalities/hazards

1 Assembly 20 Name plate marking Absence of photo guard
sensor

2 Assembly 60 Cylinder crimping Absence of one side
mesh

3 Assembly 30 Leak test Absence of emergency
button

4 Assembly 70A Performance test Absence of limit
switches in bottom

5 Assembly 120 EOL test Wires are not properly
routed

6 Assembly 40 Air dryer assembly Absence of double hand
push button

7 Assembly 80 Welding station Absence of front
guarding

8 Assembly 160 Crane movement Unsafe condition

9 Assembly 150 Cap pressing Oil spillage

10 Assembly 40 Painting station Absence of extinguisher
tank in painting
machine

11 Assembly 80 Subassembly cycle test Absence of cylinder gap
while return movement
of cylinder

12 Assembly 60 Desiccant filling Vacuum hose is in
unsafe condition

13 Assembly 50 Riveting Photo guard sensor not
in proper position and
not working sometimes

14 Assembly 80A Support assembly Sharp edges

5 Risk Assessment

Hazard is anything which is potential to cause harm, and risk is how high the chance
that someone will be injured by that hazard. Risk assessment is the process used to
determine whether the risk is potential or tolerable. For risk assessment, we have so
many tools like HIRA, failure mode effect analysis [FMEA], etc. Most of the risk
assessment is based on severity and probability. In this risk assessment, the risk rating
and risk matrix are based on the severity and probability of collected abnormalities.
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Fig. 1 HIRA process

Fig. 2 Hazard identification
sources
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5.1 Risk Ratings

Risk rating is the process which separates the potential hazards and tolerable hazards
using severity of probability score as shown in Tables 4 and 5. Uisng the Score Values
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Table 4 Probability of
occurrence

Rating Description Examples of description

5 Almost certain Very high probability

4 Very likely High probability

3 Likely Moderate probability

2 Possible Low probability

1 Unlikely Very low probability

Table 5 Severity rating

Rating Description Examples of description

5 Severe Fatality

4 Major Injury or illness resulting in permanent impairment

3 Moderate Injury or illness requiring hospital admissions

2 Minor Injury or illness requiring medical treatment. Temporary impairment

1 Negligible Minor injuries or discomfort. No medical treatment or measureable
physical effect

represents the Risk and Hazards can be catergorized frommajor to minor range using
the risk matrix table shown in Tables 4 and 5.

Probability of occurrence
Probability of occurrence is an estimate of that hazard or event occurs. It is defined
mostly as total number of possibilities and detection of the problem observed in
hazard identification [1].

Severity Rate
Severity is a state or condition of being severs. The severing rate describes the
number of lost workdays of those workers. In some industry, the actual number
of lost workdays times 200,000 (a standardised estimate of the hours worked by 100
employees) divided by the actual total number of hours worked by all the employees
results in the severing rate. In this paper, the severity score is based on its impact,
and it is described in Table 5.

Risk rating is a multiplication of severity and probability of the hazards. In these
works, all machinery and assembly line hazards are separated based on their severity
and probability (Tables 6, 7, 8 and 9).

RiskRating = Severity ∗ Pr obability
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Table 6 Risk rating table

Hazard
intimation
letter

Hazard Impact Severity
number

Probability
number

Risk rating

A Photo guard
sensor less
minimum
clearance distance

Major hand
injury

4 4 16

B Wires are not
properly routed
and damage

fatality 5 5 25

C Photo guard
sensor not in
proper position
and not working
sometimes

Major hand
injury

4 2 8

D Absence of
bottom, front side
guarding

Major
injury

4 5 20

E Emergency switch
broken and not
working
sometimes

Machine
damage,
fatality

5 5 25

F Air leak from air
gun

Small injury 1 1 1

G Electrical panel
damaged

Fatality 5 4 20

H Oil leakage Minor
injury or
illness

2 3 6

I Double hand push
button not in
working condition

Major
injury

3 3 6

J Absence of
cylinder gap while
return movement
of cylinder

Major
injury

3 5 15

K Absence of limit
switches in bottom
door

Major
injury

4 4 16

L Fire extinguisher
placed improper
and unmarked
position

Major
injury

5 5 25

M Electrical panel is
in open condition

Fatality 5 1 5

(continued)
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Table 6 (continued)

Hazard
intimation
letter

Hazard Impact Severity
number

Probability
number

Risk rating

N Absence of
extinguisher tank
in painting
machine

Fatality 5 4 20

O Unrouted crane
movement

Injury 4 2 8

P Oil spillage at
bottom of machine

Injury 2 3 6

Q Vacuum hose is in
unsafe condition

Machine
damage

2 1 2

R Sharp edges Minor
injury

2 2 4

Table 7 Risk matrix table
NEGLIGIBLE

[1]
MINOR

[2]
MODERATE

[3]
MAJOR

[4]
SEVERE

[5]

ALMOST
CERTAIN

[5]

M J N , K B , L , E

VERY LIKELY
[4]

O A G , D

LIKELY
[3]

P , H ,I

POSSIBLE
[2]

Q R C

UNLIKELY
[1]

F

Table 8 Colour intimation table
COLOUR 

INTIMATION
RISK LEVEL SCORE

HIGH RISK 20 – 25
MEDIUM HIGH RISK 10 – 20

MEDIUM RISK 6 – 10
LOW MEDIUM RISK 4 – 6

LOW RISK 1 – 4

5.2 Risk Matrix

A risk matrix is a graphical representation of the severity and probability scores of
a risk. It is “5 × 5 matrix” because it contains five rows and five columns.
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Table 9 Risk control chart
S.NO HAZARD 

INTIMATE 
LETTER

HIGH AND MEDIUM
HAZARD

CONTROL
MEASURES

HIERARCHY 
CONTROL

S P RISK
RATING

1 N Absence of extinguisher 
tank in painting machine

Extinguisher 
tank is fixed in 

marked area

Engineering 
control

2 1 2

2 K Absence of limit 
switches in bottom door

Fix any interlock 
device

Engineering 
control

2 2 4

3 B Wires are not properly 
routed and damage

Proper 
maintenance 
[inspection]

Administrative
Control

3 2 6

4 L Fire extinguisher placed 
improper and unmarked 

position

Proper 
maintenance 
[inspection]

Administrative
Control

2 2 4

5 E Emergency switch 
broken and not working 

sometimes

Fix Machine 
fault intimate 

Alarm

Engineering 
control

1 1 1

6 G Electrical panel damaged Shock 
absorbance 

shoes, proper 
earthing

Engineering 
control , PPE

3 2 6

7 D Absence of bottom, front 
side guarding

Fix auto 
adjustable
Guarding

Engineering 
control

2 2 4

6 Risk Control

Controlling exposures to occupational hazards is the basic method of protecting
workers. A hierarchy of controls has been used as a means of determining how to
implement feasible and effective control solutions [6]. It defines.

1. ELIMINATE [eliminate the hazard by removing it]
2. SUBSTITUTE [substitute the hazard by replacing it]
3. ENGINEERING CONTROLS [application of interlocks, limit switches, instal-

lation of safety valve, alarm and detection System, etc.]
4. ADMINISTRATIVE CONTROLS [good housekeeping, safe systems at work,

training, monitoring, procedures and laws, supervision, etc.]
5. PERSONAL PROTECTIVE EQUIPMENT [protect worker from hazards]

In this Investigation analysis, eachpotential hazard identified and it canbe resolved
using the Hierarchy control Methods to classify the High, Medium and Low risks
matrix as shown in Table 7 because it is only a potential hazard to remove that as
soon as possible. After implementing controlmeasures, again calculate the risk rating
score for that risks.

7 Result

From this Fig. 3, the risk ratings of high hazards are compared by using before HIRA
and after HIRA. It represents risk ratings after HIRA is minimised a lot from risk
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Fig. 3. Graphs for risk assessment before and after HIRA

ratings before HIRA. This statistics clearly describes that the high hazards will be
minimised after HIRA process.

8 Conclusion and Discussion

This work explained about the HIRA methodological process through process
analysing, checklist, hazard findings and risk assessment techniques. From that Risk
assessment Investigation can be conducted in the above two sections (Machining and
Assembly sections) were clearly. It is inference from the above investigation anal-
ysis more number of potential hazards are identified and their corresponding Control
measures are recommended using the Hierarchy of controls methodology. We can
use this HIRA process at any type of hazardous process in all types of industries.
Using this process, we will reduce or eliminate that hazards which you found as high
risk and medium-high risk.
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Thermal Analysis and Characterization
of Catalytically Cracked Jatropha
Bio-Oil

L. S. Gokul, S. Jegadheeswaran, and C. Sasikumar

Abstract Global demand of fuel is to be increasing because of growth of popu-
lation and industrialization that tends to development and research on alternative
fuels. Alternative energy source has more advantages than diesel fuel. With a lot of
research in over various alternative fuels, biodiesel is considered to be best due to its
engine performance, cost and emission rates. After a brief study about it, non-edible
vegetable oil (Jatropha) is selected. In this project, the catalytic reforming method
is used for the biodiesel production, and cerium oxide (CeO2) is used as catalyst
for the reforming. The catalyst is characterized using XRD and SEM. Then the fuel
properties (flashpoint, density, viscosity, etc.) of the cracked biodiesel studied. Ther-
mogravimetric analysis and gas chromatography/mass spectrometry analysis will
be carried out. The results of these analyses show the characteristics of the bio-oil
produced and that is compared with the commercial diesel.

Keywords Biodiesel · Thermal analysis · Catalyst · Fuel properties

1 Introduction

Nowadays, fossil fuels are not adequate to meet the world’s demand due to vehicle
population, and also the price of the fuel varies day by day due to national policies,
needs and taxes. International Energy Agency (IEA) estimated the global energy
demand in 2035 to be 18 billion tons for the current scenario of usage of oils. Fossil
fuels present on our planet are limited. The increasing rate of fossil fuel consumption
leads to greenhouse gas emissions [1].

It is a fuel other than petrol or diesel for poweringmotor vehicles. Some alternative
fuels are biodiesel, bio-alcohol (methanol, ethanol), chemically stored electricity
(batteries, fuel cells), hydrogen, propane, vegetable oil, biomass sources, etc. The
main reason for using it inCI engine is that the consumption and demand of petroleum
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by-products are increasing day by day due to urbanization and vehicle population.
And also it reduces emissions produced by the engine. Vegetable oils are the main
source of the production of biodiesel. The oils or fats filtered from their hydrocarbons
and then combined with alcohol to produce biodiesel. The oil can either be mixed
with diesel or used alone. It produces lesser air pollutants than diesel. The oils are
renewable and low sulfur than the conventional fuels [4]. So, the resources like
pongamia, jatropha curcas, cotton oil, mahua, calophyllum tobacco, etc. must be
used instead of fossil fuels. Biodiesel production was found to be affordable and
comparable to the existing diesel prices. Biodiesel is an eco-friendly and renewable
fuel substitute for diesel [7]. Jatropha plant is developing well in poor soil. It is easy
to initiate and grows very quickly, to producing seeds for 50 years. The jatropha
oil can be used directly in an engine without any major medications required for
a engine. While using jatropha oil, it is less pollutant as compared to the diesel
fuel [8]. The plant has been shown in Fig. 1. It is one of the best non-edible oils
which produce high yield compared to other oils. The average Jatropha seed is
approximately 30–45 weight % oil. A low temperature should be maintained while
producing the seed [10, 11]. This oil is considered for its cost as well as reduced
emission. Environmental Protection Agency (EPA) has conducted a test, and the

Fig. 1 Jatropha plant
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Fig. 2 Jatropha oil

results of hydrocarbon emission of Jatropha oil are half that of fossil diesel [12]. It
has higher cetane number compared to other oils. The extracted oil has been shown
in Fig. 2

Biswas et al. [1] investigated the effect of different catalysts on the co-cracking
of Jatropha oil. Co-processing of Jatropha oil and vacuum residue was investigated
to determine behavior under atmospheric pressure and thermal heating conditions.
The activity of various catalysts on co-cracking has been studied. CAT-R was the
best catalyst used for the co-cracking, as it gives 45 and 49% gasoline and diesel
hydrocarbons respectively in cracked liquid. In case of the co-cracking CAT-Z, it is
about 37 and 35% for gasoline and diesel range hydrocarbons, respectively. Biswas
and Sharma et al. [2] studied the effect of different catalysts on the cracking of
Jatropha oil. They studied about catalytic cracking of Jatropha oil (JO) in a batch
reactor, and they make experiments in nitrogen atmosphere and at temperature of
375°. They use catalysts like Zeolite Socony Mobil in the form of ZSM-5, ZSM-5+
SiAl (Silicon and aluminium) and NiMo/SiAl. In all that, Zeolite Socony Mobil–5+
Silica aluminium was the best for Jatropha Oil cracking which gives 36% gasoline
and 58% diesel range hydrocarbons, respectively, and they also observed that the
usage of catalyst has a positive effect on pH content.

Fan et al. [3] performed hydrocracking of Jatropha oil over nano-hydroxyapatite
catalyst. The Ni-H3PW12O40 catalyst with H3PW12O40 was prepared through
hydrocracking process, and they characterized the catalyst by using many methods
which include powder X-ray diffraction and thermogravimetric analysis. The conver-
sion of jatropha over various catalysts gives better liquid yield. The pour point of
final product oil was 28 °C, and the catalyst was used without sulfurization.

Biswas et al. [5] studied on co-cracking of jatropha oil to obtain liquid, gaseous
product and char. Co-cracking of jatropha oil was investigated on various heating
rates from 5 to 35 K/min under nitrogen atmosphere. They employed various models
for cracking process and observed with DTG curve and other curves. They made
CG-MS and TGA tests and indicate presence of alkanes 47%, and various gaseous
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products and char contained metal products are obtained from this co-cracking as a
fuel source.

Laksmono et al. [6] performed the production of biodiesel from tar by using
a method of biomass gasification. The cracking process has been done by using
zeolite, magnesium oxide and aluminum oxide catalysts. Ong et al. [9] investigated
the production of biofuel using catalytic cracking. There are several processes for
biodiesel extraction but mostly by esterification or deoxygenate of triglycerides. By
method of pyrolysis, bio-oil is produced. They completely discussed with the recent
process, and the production of biodiesel by catalytic cracking method includes the
important issues like reactor design and catalysts employed.

2 Objective and Methodology

To reduce the environmental pollution on earth caused by diesel engines for that to
find an alternative fuel that has similar property of diesel can be used in the engine
without any modification and to compare the characterization for the catalytically
cracked oil to the commercial diesel. Methodology of jatropha oil production is
shown below.
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3 Production and Catalyst

3.1 Oil Extraction and Catalytic Reforming

The conversion of seed into oil is the oil extraction. Seed should be dried in the sun
light for a duration of threeweek.Oil extraction canbemadeby enzymatically. Theoil
extracted bymechanicalmethod of extraction (crushing) usingRampress. The cost of
Jatropha oil was a Rs. 26/kg and that of seed cost was Rs. 6/kg in commercial market.
Catalytic cracking is a process of chemical reactions that involves four chemical
reactions that will be explained below.

3.2 Catalytic Reactions

Dehydrogenation: The process of conversion of methylcyclohexane to the new
structure of toluene (Fig. 3).

Isomerization: The structure of the normal paraffins converted into the 2.5
Dimethylhexane (Fig. 4).

Aromatization:Normal heptane is to be converted into the toluene process (Fig. 5).
Hydrocracking: The given structure of the paraffins is converted into two or more

number of smaller molecules by the process of cracking (Fig. 6).

Fig. 3 Dehydrogenation

Fig. 4 Isomerization

Fig. 5 Aromatization
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Fig. 6 Hydrocracking

3.3 Catalyst

Catalyst is used to enable faster chemical reaction under different conditions. It does
not change the chemical reaction. Catalyst and its yield for the production of biodiesel
using catalytic cracking are mentioned in Table 1

3.3.1 Cerium Oxide Catalyst

Cerium oxide used as a catalyst for this experiment. This catalyst is one of the best
catalysts among other metal oxides, and it boosts the biodiesel yield. Cerium oxide
is not used in any of the journals referred for jatropha for catalytic cracking. The
CeO2 is mixed with NaOH to make pellets for the process. The catalyst has been
shown in Fig. 7.

4 Characterization of Catalyst

A scanning electron microscope (SEM) was used to produce the accurate image of
sample by scanning with a focused beam of electrons. SEM pictures of cerium oxide

Table 1 Yield % for various
catalysts

Catalyst Yield (%)

Zeolite 62–75

Magnesium oxide 55–66

Aluminum oxide 67–71

Ni–Al–MCM-41 57.9

V2O5 87.6

MoO3 55.1

ZSM-5 70

H2SO4 84.8

ZnO/KF 87

CO3O4 85.2

ZnCl2 77.6
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Fig. 7 Cerium oxide

Fig. 8 SEM image of CeO2
catalyst (55,000 x)

catalyst are shown in Figs. 8 and 9. All the particles are looks like a homogeneous
in nature.

5 Characterization of Oil

After producing Jatropha oil, the fuel properties are measured. Then the properties
of jatropha oil are compared with conventional fuel which is shown in Table 2.
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Fig. 9 SEM image of CeO2
catalyst (30,000 x)

Table 2 Properties of diesel
and Jatropha oil

Properties Diesel Jatropha oil

Calorific value (kJ/kg) 44,215 38,989

Mass density (kg/m3) 0.852 0.926

Specific gravity 0.854 0.928

Kinematic viscosity (cSt) 3.91 47.3

Pour point in (°C) −13 1

Flash point in (°C) 76 228

Fire point in (°C) 96 278

Cloud point in (°C) −6 6

5.1 FTIR Testing

It is used to determine the rate of mixing of catalyst with oil with the help of infrared
rays. It gives the intensity with the help of received and blocked wavelength of the
passed infrared rays.

6 Conclusion

By the mechanical way of extraction, the oil is produced (crushing process). The
extracted oil properties are almost matches with the diesel. So, the oil is selected for
the cracking process to make it to equal. Discrete spherical and microlevel different
particles are shown in the SEM image. From that, the formation of catalyst is homo-
geneous. These results show that cerium oxide catalyst can be used for the catalytic
cracking.
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The oil extracted from jatropha needs to be cracked using the characterized CeO2.
Then the fuel properties of the cracked oil will be studied. Thermogravimetric anal-
ysis and gas chromatography/mass spectrometry analysis will be carried out for
comparing with conventional fuel of diesel.
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Dynamic Risk Assessment
of an Ammonia Storage Tank Based
on Bow-Tie and Bayesian Approaches

T. Jishin Jayan, K. Muthukumar, and R. Rajiev

Abstract The leakage of ammonia from the ammonia storage tank can cause
harmful effects to human beings due to the toxic and flammable nature of the chem-
ical. The ammonia leakage can result in the fire of various kinds such as flash fire,
vapour cloud explosion, jet fire, and pool fire and causes harm to human health
and environment due to toxic gas dispersion. An effective risk analysis is needed
to prevent and mitigate such possible incidents. In this study, a bow-tie diagram is
developed from the identified causes that can lead to leakage of the ammonia storage
tank and its possible consequences. The prior failure probability data for all the
basic events are identified, and updated failure frequency data are collected from the
industry based on the practical component failure per year. The bow-tie model is
further mapped to a Bayesian network for validating the results obtained from the
bow-tie analysis using the forward prediction technique. The occurrence probability
of the outcome (consequence) events obtained through the bow-tie analysis and the
outcome event probability results from the Bayesian network (forward prediction
technique) are similar, and hence, the results can be validated. The analysis is carried
out on a 500 tonnes capacity ammonia storage unit of a fertilizer industry located in
Kerala, India

Keywords Risk assessment · Bayesian network · Bow-tie analysis

1 Introduction

Ammonia is one of the important basic chemicals produced in the world and, as
such, is produced in large quantities. The ammonia is the main chemical produced in
every fertilizer industry for the production of nitrogen fertilizers, such as ammonium
nitrate, urea, and ammonium sulphate. The liquid ammonia generally used to store
in cylindrical flat bottom tanks of a single-walled or double-walled construction. The
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ammonia leakage is highly dangerous due to the toxic and flammable nature of the
chemical. The leakage can cause fires of various types, the fire of various kinds such
as flash fire, vapour cloud explosion, jet fire, and pool fire, and it has the potential to
affect human health and to cause damages to the environment. A risk analysis study
of the ammonia storage tank is carried out to prevent such potential incidents.

The bow-tie analysis is very popular among the different techniques because it
characterizes the accident scenario that completely includes the causes and conse-
quences into a one single bow-tie model or diagram. One of the main disadvantages
of the bow-tie model is that due to the static nature of its components, the bow-tie
lacks dynamicity. It limits its application in real-time risk monitoring and in the
updating of probabilities, which are the important features of dynamic risk analysis
[1]. Abimbola et al. (2014) conducted a dynamic risk assessment study of the drilling
operations where the real-time practical data, potential accident probabilities, and
associated risks are updated and used for safety assessment. This method can be
incorporated into a real-time risk monitoring device for field applications during
drilling operations [2]. In every process plants, there is a strong demand for quanti-
tative risk analysis. In dynamic risk analysis, the challenge is to define the process
dynamic behaviour in case of system failures. The hazardous situations leading to
major accidents are recognized, which allows the determination of consequences and
quantification of severity [3].

ABayesian network is an acyclic graph inwhich each link represents a conditional
interdependence and each node corresponds to a single random event. The Bayesian
network is a probabilistic method of inference, which can overcome the static limi-
tation of the bow-tie method because of its probability updating mechanism; it can
be used effectively to carry out forward prediction and backward diagnostic anal-
ysis. In this study, real-time data are obtained by monitoring and inspecting the
system components based on their failure. These updated data from the industry are
used as the initial inputs for the basic events of the bow-tie model developed, and
the updated occurrence probability of the end-state consequences is estimated. The
results obtained from the bow-tie analysis are compared with the Bayesian network
developed, and the results can be validated. It is found that the bow-tie model is effec-
tive in estimating the updated occurrence probabilities of the outcome events when
the real-time failure data are provided to the basic events. However, updating the
bow-tie model with the updated failure probability data is time taking procedure that
it needs to quantify both the fault tree and event treewhenever the failure frequency of
the component subsystem changes. This lack of flexibility of the bow-tie model can
be overcome by converting the static bow-tie model to a dynamic Bayesian network.

A Bayesian network is developed in a study, to model the maritime transport
system, by taking into account its different representatives such as shipowner, ship-
yard, port, and their mutual influences. The Bayesian network is quantified by using
conditional probability theories and by utilizing the experts’ judgments finally; a
sensitivity analysis has been carried out over the model to identify structure of the
maritime transport system leading to a substantial reduction of accident probability
during the operation [4].



Dynamic Risk Assessment of an Ammonia Storage … 429

A quantitative risk assessment is carried out focusing on evacuation from an
offshore installation to improve the safety of the personnel working in the offshore
installation. Thiswork usesBayesian concepts and binomial distribution to determine
the impact of harsh environmental conditions to personnel performing escape and
evacuation on offshore installations. The success probability of detecting the alarm
by personnel depends upon the environmental conditions [5].

The Bayesian network-based modelling framework which can solve dynamic
fault trees is developed in a study, where the complex behaviours and interactions
are shown by dynamic system components, making combinative models unsuitable
to resolve them. A novel reliability modelling and a framework based on Bayesian
networks are proposed. The main concern in this paper is to define a Bayesian
network-based modelling framework that can compute dynamic fault trees [6]. A
new formalism is developed in a study, which helps to model dynamic system with
regular and irregular changing variables. In this method, the time is assumed to
be continuous to develop a continuous Bayesian network which provides sufficient
flexibility to capture the dynamicity of real-world processes [7].

2 Risk Analysis of Ammonia Storage Tank Based
on a Bow-Tie

Model and with Bayesian Approach—A Case Study
The study is carried out on an ammonia storage unit of a fertilizer industry with
double-walled tank of 500 tonnes capacity. The current work is limited to single
ammonia tank of capacity 500 tonnes and can be extended to the storage farm of the
selected chemical industry.

2.1 Estimating the Failure Probabilities Using Bayesian
Network

The Bayesian forward prediction technique is used to estimate failure probabilities of
the outcome (consequence) events [8]. Consider the probability of the basic event Eii

be PP (Ei), and the probability of the outcome event X is PP (X) and then conditional
probability of the outcome eventX in the condition of the cause eventEii bePP (X|Ei),
and then according to this forward prediction technique, PP (X) is given by,

P(X) =
n∑

i=1

P(Ei )(X |Ei ) (1)
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2.2 Estimation of Prior Failure Probability Data

The generic (prior) failure probability values of the basic events are taken from the
OREDA database. The prior failure frequency data of identified basic events and
intermediate events are shown in Table 1. The updated failure frequencies of events
based upon the real-time industrial data are also given in Table 1.

Table 1 Description of events in the fault tree with failure probability values

Events Description with prior failure data Updated failure data

Top event (TE) Leakage of ammonia (2.5 × 10−5/year) 1.428 × 10−4/year

Intermediate event (IE)1 Tank over-pressurized (2.5 × 10−2) 1.428 × 10−1

Intermediate event(IE) 2 Pressure relief system failure (1 × 10−4) 1 × 10−3

Intermediate event (IE)3 Excess pressure in tank (8.76 × 10−9) 8.76 × 10−9

Intermediate event(IE) 4 Failure of flare system (1 × 10−2) 9 × 10−2

Intermediate event(IE) 5 Failure of refrigerating system (1 × 10−2) 1 × 10−4

Intermediate event(IE) 6 HV 2703 fails closed (2.73 × 10−3) 2.73 × 10−3

Intermediate event(IE) 7 Relief valve failure (2.74 × 10−3) 9.64 × 10−2

Intermediate event(IE) 8 Isolation valves closed (0.01) 0.01

Intermediate event(IE) 9 Compressors fail to start (2.74 × 10−3) 2.74 × 10−3

Intermediate event (IE)10 Pressurization of tank (1 × 10−4) 3.41 × 10−2

Basic event (BE) 1 Failure of both SRVs (1.38 × 10−4) 1.38 × 10−4

Basic event (BE) 2 Both isolation valves closed (1 × 10−4) 1 × 10−4

Basic event (BE) 3 Isolation valves (V97-1,V97-2) closed
(0.01)

0.01

Basic event (BE) 4 Pressure indicating failure/is closed(8.76 ×
10–5)

8.76 × 10−5

Basic event (BE) 5 External fire (5 × 10−3) 7.05 × 10−3

Basic event (BE) 6 Warning system failure (5 × 10−3) 1 × 10−2

Basic event (BE) 7 PS 2703 failure (9.64 × 10−4) 9.64 × 10−4

Basic event (BE) 8 V 159 closed (0.01) 0.01

Basic event (BE) 9 V 438 closed (0.01) 0.01

Basic event (BE) 10 PS 2705 failure (9.64 × 10−4) 9.64 × 10−4

Basic event (BE) 11 Power failure (2.74 × 10−3) 2.9 × 10−1

Basic event (BE) 12 All compressors fail (1.98 × 10−5) 1.5 × 10−2

Basic event (BE) 13 Control valve failure (2.74 × 10−3) 4.82 × 10−2

Basic event (BE) 14 Air/power failure (2.74 × 10−3) 4 × 10−2

Basic event (BE) 15 External factors (0.01) 0.1000002
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2.3 Fault Tree Diagram

The fault tree diagram was first developed in 1961 at Bell laboratories to display the
failure propagation of a system [9]. The fault tree analysis is a technique to explore
the potential or actual causes of system or product failure. The fault tree analysis
is a top–bottom analysis method where it starts with a cause until the consequence
in a structured manner. It shows possible failure path that leads to the main critical
event where all the events are connected through logic gates, which makes them
easy to quantify. The fault tree diagram, with ammonia leakage as the top event, is
drawn from the HAZOP study created from the available plant information, using
SmartDraw (2018) software. The fault trees are usually positioned on the left side
of the bow-tie diagram [10, 11]. The components and the subcomponents of the
storage tank are identified, and failure causes as well as their failure frequency data
are obtained from the plant. The identified basic events and the intermediate events
with their description and failure frequencies are represented in Table 1.

2.4 Event Tree Diagram

An event tree is developed by taking continuous release of ammonia as the initiating
event, and this initiating event with combination of several escalation factors may
lead to several consequences such as vapour cloud explosion, pool jet fire, flash fire,
and toxic gas dispersion. Event tree analysis is a forward logical modelling technique
that explores responses through a single initiating event and lays a path for estimating
the probabilities of outcome events. This technique is used to analyse the success and
failure paths that the initiating events may lead to different consequences. This event
tree analysis is generally carried out in a system during its early in the design stage
to identify potential issues that may arise, rather than correcting the issues after they
occur. The event tree diagram for the leakage of ammonia consisting of the safety
barriers (escalation factors) with their occurrence probability values is shown in right
side of the bow-tie diagram (Fig. 1).

2.5 Bow-Tie Diagram

The bow-tie model for the ammonia tank leakage is developed from fault tree and
event tree diagrams, where the fault tree is placed over the left side of the bow-tie
model and the event tree on the right side of the bow-tie model [12]. The resulting
bow-tie diagram for the critical event of ammonia leakage which is obtained by
combining their respective fault tree and event tree is shown in Fig. 1.
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Fig. 1 Bow-tie model for ammonia storage tank leakage

2.6 Posterior (Updated) Failure Frequencies of Events

The posterior failure frequencies of the basic events are collected from practical data
(incident reports) from the industry chosen. The new (updated) failure frequencies
per year can be calculated by estimating storage tank components failure during the
past entire working time of the ammonia storage tank. Since there were only some
component failures, overtime the failure frequencies of some of the basic events are
changed from the prior failure data. The fault tree and event tree are quantified again
using the updated basic event failure probability in order to obtain the changed failure
frequency of the critical event. The failure probability values of the critical event and
the intermediate events based on the updated basic event failure probabilities are
calculated, and updated values are shown in Table 1.

2.7 Bayesian Network for the Ammonia Storage Tank Failure

The Bayesian network is constructed by mapping the bow-tie model; the mapping
procedure in Khakzad et al. [13] is adopted in this study. In the mapping algorithm,
the basic events, intermediate events, and top event from the bow-tie model are taken
as root nodes, intermediate nodes, and pivot nodes, respectively, within the Bayesian
network.

The Bayesian network represents the connection between all the basic events
(root nodes), the top event (pivot node), and the consequences through the arcs and
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Fig. 2 Bayesian network

conditional probabilistic table [14]. The main advantage of using Bayesian network
is its flexibility in updating the probability values of the variables. The prior prob-
abilities of the variables are updated using Bayes’ theorem to provide subsequent
probabilities when new observations are made on the variables [15]. The Bayesian
network of the ammonia tank leakage is developed using GeNIe software (version
2.3, Academic edition) and shown in Fig. 2. The Bayesian network is created from
the bow-tie model, where all events from the bow-tie are converted into nodes and
each node is linked logically through arcs. For each root node, the posterior failure
probability values acquired from the practical data obtained from the industry are
assigned, and for the other nodes, conditional probability tables are provided based
on the logic gates(OR gate and AND gate).

The Bayesian network is shown in Fig. 2.
BE1–BE12 represents basic events from bow tie; IE1–IE10 represents interme-

diate events from bow tie; TE represents the top event (leakage of ammonia). SB1,
SB2, SB3, SB4 represents barriers that could lead to different possible outcomes.

The Bayesian network can be studied through forward prediction and backward
diagnosis analysis. The forward prediction technique in the Bayesian is used to
estimate the occurrence probability of outcome events from the obtained probability
values of the basic events and safety barriers. The estimation of the occurrence
probability of outcome events can be performed easily by quantifying the bow-
tie model. The occurrence frequency of end-state consequences obtained from the
forward Bayesian technique and the bow-tie model is found to be similar.

3 Results and Discussions

The prior failure frequency of the ammonia leakage scenario is 2.5 × 10−5/year.
But when fault tree analysis was carried out using updated failure frequencies of
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Table 2 Prior and the
updated failure probability
values of end-state
consequences

Consequences Prior failure
frequency per year

Updated failure
frequency per year

Toxic gas
dispersion

2.25 × 10−7 7.71 × 10−4

Flash fire 3.83 × 10−7 1.61 × 10−4

Vapour cloud
explosion

6.465 × 10−8 3.67 × 10−5

Pool/jet fire 8.76 × 10−8 3.93 × 10−5

components, the failure frequency of the top event became 1.428× 10−4, and there-
fore, there is a significant increase in the chance of top event occurrence compared
to the initial probability. The event tree part of the bow-tie model is then quanti-
fied by taking the updated top event (initiating event) probability value to obtain the
new failure frequencies of the end-state consequences, and the results from the prior
failure data and the updated failure data of the end-state consequences are compared
and tabulated in Table 2.

A Bayesian network is developed in which all the posterior failure frequencies of
the basic events are assigned in the probability table of the root nodes. The Bayesian
network is analysed through the forward prediction technique, and itwas observed the
occurrence frequency of end-state consequences obtained from the forward Bayesian
technique (shown in Fig. 3) and the bow-tiemodelwhich are approximately the same.

Fig. 3 Failure probability
values of consequences
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4 Conclusions

In this study, a quantitative risk analysis of an ammonia storage tank of a fertilizer
industry located in Kerala is carried out using bow-tie model coupled with and
Bayesian approaches. The following results are obtained from this study:

There is a significant chance of occurring the top event (leakage of ammonia) due
to an increase in updated failure probabilities of the basic events when compared to
prior failure probability data. Therefore, the top event probability should be reduced
as low as reasonably practicable (ALARP).

The occurrence probability values of the end-state consequences obtained through
quantifying the bow-tie model and the probability values obtained through the
Bayesian network (forward prediction technique) are in conformity and can be used
for validation purposes.

By analysing updated occurrence probability values of the end-state conse-
quences, it is found that once the leakage of ammonia (TE) occurs, there is a greater
chance of occurrence of flash fire and toxic gas dispersion. The study results can help
experts to develop further measures to mitigate such potential accident scenarios and
to decide where to take corrective measures to support in the risk managing process.

The current work is limited to a single ammonia tank of capacity of 500 tonnes
and can be extended to the storage farm of the selected chemical industry.
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Risk Assessment Using Bow-Tie Tool
in Cement Industry

R. Manikandan, P. Pradeep Kannan, T. Rajpradeesh, and S. Rajesh

Abstract In the cement industry, the employees are exposing by various health and
safety issues during the manufacturing of cement products. The objective of this
paper is to identify the existing hazards in workplace, and safety recommendations
are givenbyusing a bow-tie tool analysis. Thebow-tie tool analysis is one of the safety
tools, and it is used to provide the preventive measures for health and safety issues in
the hazardous process of all industries. The cement has been made by using various
processes like the selection of raw material, blending, pre-heater, kiln, and grinding,
packing and shipping process. In the aforementioned processes, particularly during
working with the kiln process, workers are exposed by different health hazards like
dust, noise, vibration hazards, and it leads tomany health problems like eye irritation,
nose irritation, throat irritation, skin diseases, and upper respiratory problem. The
silica exposure in the workplace leads to lung disorder and silicosis. So for the
considerations of health and safety issues to employees, here the safety tool and
technique is applied and the presence of hazards is reduced as expected level. This
bow-tie safety tool is applicable to all the hazardous industries for assessing the risk
level.

Keywords Hazard · Risk assessment · Ergonomics · Noise · Dust · Vibration

1 Introduction

Bow-tie tool analysis has become a public health priority in the industry [1]. The
cement-producing process is one of these industries. Cement is mostly used to
construct new or rebuilt the building. Because the cement is one of the strongest
lifetimes for the buildings. Safety is important to the workers and environmental
protection [2]. During the manufacturing process in the cement industry, various
hazards have affected the workers especially dust particles, noise pollution, and
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vibration are easily affected by the cement workers or people. It mainly affects the
lung, stomach, etc., in the cement industry which is different types of products such
as limestone, raw material, grinding, kiln, clinker packing [3].

In the cement industry process are commonly through the hazardous like dust
particle, noise pollution, toxic gas, etc., They affected the workers’ health, and they
form some diseases in lungs, stomach, and cause eye irritation, etc. Cement industry
is mainly hazardous because of confined space, falling or moving process, noise
pollution, and vibration.

The objective of this work is to apply the bow-tie tool analysis to various
manufacturing processes of cement, and the safety hazards are identified. And the
recommended actions are given to avoid accidents.

2 Methodology

In the cement industry process are identified the various hazards and following
through the recommendation due to the hazards (Fig. 1).

Fig. 1 Process involving in
methodology Selection of Industry

Cement Industry

Analyze Hazards in Various 
Process by using BOW-TIE Tool

Identification of Hazards

Recommendation Actions



Risk Assessment Using Bow-Tie Tool in Cement Industry 439

2.1 Process

This cement industry has various processes, involving the cement process, each and
every process has the major or minor role of the cement industry, and the final result
produces the cement (Fig. 2).

In the cement manufacturing process, the fine powder is added to the cement in
the hydraulic compounds like silicate, aluminum, and alumina ferrites. Quite nasty
raw materials of the area unit are divided into four basic classes: calcium, silicon,
aluminum, and iron process. An area is the unit allowing the employed in the cement
industry [4].

Cement industry produces the complicated method, starts with the crushing and
raw material that like limestone rock and claimed clay, and to the fine powder also;
it is like sand, crystalline mineral (quartz) or fine powder and fume known as raw
material. These materials are heated with the high temperatures at 14,500–15,000 °C
in cement microwave or micro-oven process [5]. During this one of the methods,
the chemical bonds are the formation through the atom, ions, molecules, and ionic
bonds are sharing through the electrons in covalent bonds of the raw material area
unit [6]. They are decreased, and they have recombined the new method in the

Fig. 2 Flowchart for the
cement industry process LIMESTONE

CRUSHER

GRINDER

GRINDER

RAW 
MATERIAL

KILN

CLINKER

GRINDER

CEMENT
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cement manufacturing process. This result is known as the clinker process that area
unit rounded by the molecules between the 1000 and 2500 m across the area. The
pulverized cement is mixed with the water, and the construction site is aggregated to
create the best concrete that will employ [7].

2.2 Tool Description

Bow-Tie Tool
A bow-tie tool is a one of the safety tool, and diagram visualizes the risks in one
step and easy to understand. The shape of a bow-tie tool analysis is creating clear
difference between proactive (after the hazards are identified) and reactive (before
hazards are identified) in riskmanagement [8]. The power of the bow-tie tool analysis
is an overview of hazard.

Bow-Tie Tool Process
The bow-tie tool is an analysis of the consequences of recovery barriers from the
threat to the preventive barriers to hazard events.

Bow-tie tool analyzes the reviews of manufacturing the cement industry to the
crusher, grinding, kiln process. In this process, maximum hazards have happened in
the cement industry process.

Bow-tie tool analyses are to identify the hazards and risk management to the
workers and preventive to the hazardous process. And it is used for the preventive of
the hazard process through the workers during the working process.

Bow-tie tool analysis processes are shown in Fig. 3 and for preventive and
proactive processes for hazard.

2.3 Hazard Identification

Themain andmajor purposes of hazards are identified in the cement industry process.
The hazard identification is the major step for one of the safety hazards, bow-tie
tool analysis. The hazard identification process identifies all hazards in the cement
industry process [9].

In the cement industry, hazards are classified intomany types in themanufacturing
process. They are,

Limestone quarrying process
Crushing plant process
Clinker process
Raw milling processes at the raw mill building
Filter process
Storage and transportation process
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Hazard 

Consequence 

Consequence 

Escalation factor 

Escalation factor  Top event 

Consequence 

Threat 

Fig. 3 Flowchart for bow-tie tool analysis process

Loading the vehicle
Fuel storage process for transport vehicle
Use of hazardous material process.

The cement manufacturing process identifies various hazards like dust particles,
toxic gas, etc. [10]. From the cement industry, the main hazards identified from some
cement manufacturing process [11] are shown in Table 1.

In the cement process, dust particles are filling the unit; it is one of the most
effects of cement manufacture business all over the world and related to the handle
and storage of raw material. The clinker process and material are introduced to the

Table 1 Hazards identification in the cement manufacturing process

Cement process Hazard identifications

Limestone A dust particle, vibration, and noise pollution

Raw material process A dust particle, toxic gas like CO, CO2, NOX , SO2, noise
pollution, and heat pollution

Clinker burning process A dust particle, toxic gas, high temperature, maximum
workload for workers

Packing storage and delivery A dust particle, overload vehicle, transfer the material
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Fig. 4 Major injuries are affected in cement industry process

clinker process in limestone [12]. Packingwithin themost triedmethod for all cement
industries [13] (Fig. 4).

3 Results and Discussions

3.1 Risk Score

Risk score and effects for the cement industry are shown in Table 2.

Table 2 Risk score for risk
assessment in hazard’s and
effect’s action

Risk score Effect’s

1–5 Low risk

6–10 Medium risk

11–15 High risk

16–20 Very high risk
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3.2 Risk Assessment

In the cement manufacturing process, injuries and major risk assessment are identi-
fied, and recommended actions for hazards to preventive (before hazards) and reactive
(after hazards) are shown in Table 3.

Table 3 Hazards for preventive action in the cement manufacturing plant

Hazards Before Preventive action After

Slip, trips and falls 18 1. Tight workload
2. Fix the falling hazards
3. Use PPE (personal protective

equipment)

3

Confined areas 17 1. Permission to work
2. Cleaning before the entry
3. Use the SCBA (self-containing

breathing apparatus)

2

Electric process 16 1. Each panel must be labeled
2. Clean and neat
3. Use PPE for the working area

1

Falling/moving objects 18 1. Tight workload
2. Use PPE

2

Fire 17 1. Proper waste disposal
2. Use the heat detectors
3. Fire the extinguisher must be installed

2

Hot/cold surfaces 16 1. Usage PPE 2

Noise and vibration pollution 17 1. Technological of noise pollution
2. Wear ear protection
3. Use PPE

2

Vehicles 18 1. Must avoid overload
2. Must be back-up alarms for all vehicles

in working conditions

2

Safeguards of machines 17 1. Use PPE
2. Maintain the conveyor belt

2

Manual handle process 18 1. Must be looked out the sharp edges, etc.,
2. When lifting the overload objects, and

then help the other workers
3. Use PPE

3

Dust 19 1. Usage of the automated package
machines

2. Use the face mask
3. Use PPE

3

Cement dust 19 1. Usage of air, machine to avoid dust
2. Stay away from the automated packing

machine
3. Use PPE

3
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Fig. 5 Risk score for before and after hazards in cement industry

3.3 Graph

From this graph are identified the hazards in the cement industry process. And, the
risk score for before and after the hazards is shown in Fig. 5.

4 Conclusions

The presence of hazards in the cement industry during the manufacturing of cement
products is identified using the bow-tie tool analysis. The sources and effects of the
existing hazards are recognized. The risk level is estimated using the nature of work,
the probability of hazards and its effects. The risk level is categorized and as per the
risk level, various safety recommendations are given to the working place inside the
industry. This safety tool is suitable for any hazard-related process, and it is helpful to
provide preventive measures for all the hazardous activity inside the working place.
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A Novel Technique and Analysis
for Efficient Opportunistic Routing
in Mobile Ad Hoc Networks

K. P. Sampoornam, S. Hemavikasini, V. Vakula, and S. Vidhya

Abstract Wireless networks in terms of resources, forcefulness, and effectiveness
are used for essential service applications. Many of the routing protocols of any cast
pick complex and jammed midway nodes, resulting in frequent route failures and
loss of packets. This paper is presented with a service-conscious routing scheme and
mobility in wireless networks using three models: (1) stability in node movement,
(2) channel blocking, and (3) route/link expiry time. Hence, to select the adjacent n-
servers in route finding process, the above-mentioned threemodels are used.Based on
low jamming, route/link expiry time, number of hops, and efficient constancy, a server
is selected among n-servers. The results of the simulation show that proposedmethod
demonstrates reduction in overhead control, route delay, and increased information
delivery proportion compared to existing methods such as queue utilization, residual
energy, and hub level.

Keywords Ad hoc · Routing · Round trip time · Energy consumption · QOS

1 Introduction

1.1 Wireless Networks

As the Wi-Fi network technology exploded, it has opened a brand-new view to users
as it accelerated the data and application sharing with no trouble and unexpectedly
[1]. Wireless networks use wireless generation without a pre-current infrastructure
(get entry to points). As the name states, wireless networks consist of various mobile
nodes, which can vary from notebooks, personal digital assistance (PDA) to any
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electronic device that has the wireless RF transceiver and message managing func-
tionality [2, 3]. Mobility and non-infrastructure form the idea of this community
type

Mobility givesmost freedom to customers, as they canbe connected to the commu-
nity, whether they are static or dynamic, until they are in the range of the community.
Not like the constant networks or traditional wireless networks, wireless networks do
not need any infrastructure to create and preserve communication among nodes. This
belonging presents the capability to create a network unexpectedly and in pressing
conditions right away, additionally without any greater cost [4, 5].

1.2 Structure of Ad hoc Networks

Any digital tool that has the Wi-Fi broadcast capability with right processing hard-
ware can be part of a Wi-Fi networks. So, the nodes should have RF wireless
transceivers as the community interface. However, for the reason that Wi-Fi trans-
mission ranges according to broadcast sort of the antenna (omnidirectional, bidirec-
tional), and the variations among transceivers at distinctive nodes affect the network
shape of the wireless networks [6, 7].

At any given time, entities in the wireless networks are fixed without limitation,
and they consist of portable hubs. Along these lines, their processing capacity is
constrained. Likewise, control consumption of the versatile hubs is an unexpected
factor on the architecture of the wireless networks [8, 9]. To make wireless networks
pertinent and get greatest execution from them, consider these two aspects and
structure any designs suitably. Remote networks are autonomous and decentralized
systems. Through this way, the network can operate regardless of which nodes are
connected or not connected with the system. Accessibility of centers just impacts the
topology and coordinating of the framework, not the general tasks [10–12]. Since,
wireless networks does not have any centralization; tasks are completed by circula-
tion, so every center must have sufficient information about the framework and need
to work independently [13, 14].

2 Research Methodology

2.1 Research Methodology

In previouswork, the cross-layer and reliable opportunistic routing algorithm (CBRT)
for MANETs is used. In CBRT, the contributions of the fuzzy logic system are the
relative fluctuation (RF)measurements instead of themeasurement values, which can
diminish the quantity of fuzzy principles drastically. Besides, the quantity of fuzzy
standards does not increment when the quantity of data sources increments. The hubs
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are partitioned into various classes dependent on the quantities of hubs in their CRS.
The hubs change their broadcast control dependent on respective classifications that
they are associated with. The source hub decides the needs of the transfer hubs in
CRS dependent on the services of these hubs. A hand-off hub which the utility is
enormous has large handing-off need. In opportunistic routing, the large number of
hubs in CRS, the large bundle conveyance proportion between the hub (sender) and
the CRS is; the different way. Regardless, on account of the compactness of the
center points in MANETs, the number of neighbors changes once in a while, so the
bundle transport extent between the hub (sender) and the CRS changes as regularly
as could be expected under the circumstances [1, 15, 16].

Drawbacks

• It experiences too many route breaks and route rediscovery methodology because
of the event of communication hazy area.

• The additional calculation for connect security factor causes higher delay.
• The route recreation is decreased distinctly up to half (50%).
• Here, the information and encoding parcels has higher bundle overhead.
• Due to absence of connection limit assets, flows that could have been directed

crosswise over adequately strong routes cannot be suited and are blocked.

2.2 Proposed System

The proposed work system uses Dynamic Source Routing (DSR) as essential path
discovering convention alongside steadiness and QoS models. The commitments
when contrasted with existing system are as per the following. (1) Manipulate a
numerical model for choosing steady hubs (concerning position) in view of hub’s
own soundness, i.e., stability, and neighbor hubs security. (2) Manipulate a numer-
ical method for choosing non blocked hubs dependent on channel burden and hub
barrier occupancy. (3) Manipulate a numerical method for discovering join finishing
time among pair of hubs. The effort made here proposes a directing convention that
partitions the Spatial Wireless Ad Hoc systems (SWAH) into spine and non-spine
systems to execute static routing and dynamic routing, separately. Creators demon-
strate a security upgrade to DSR convention against wormhole assaults in ad hoc
systems for multirate broadcasts which depend on count of round excursion time. It
utilizes the handling aswell as lining deferrals of taking an interest hub in the count of
RTTs among neighbors. Along these lines it is needed to build up powerful and profi-
cient development soundness and Quality of service-based conjunction conscious
anycast directing plan in wireless networks. The three noteworthy structure models
are proposed to deal with anycast routing disclosure issue. (1) Constancy model to
distinguish steady hubs, (2) blockage system to consider over QoS by examining
clog mindful constraints like channel burden, and buffer occupancy and (3) connect
finishing period model to ensure the connection term will drop inside a satisfactory
range. The architectural design of the proposed system is shown in Fig. 1.
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Fig. 1 Architecture design

3 Methodologies

Hub Initialization
This module is used to introduce the center point in network topology. The system
topology and geography for the network animator window (namwindow) is utilized.
The language structure ismade for new center points in network animatorwindow.At
that point, the hub is made in two kinds like irregular and fixed movements. Dynamic
source routing (DSR) is an on-demand responsive routing protocol intended to limit
data transfer capacity devoured by control parcels, by disposing of the occasional
table top update information necessary in the table-driven proactive methodology. It
makes use of source routing as opposed to depending on the routing table at each
moderate hub. DSR is beaconless and subsequently does not need intermittent ‘hi’
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parcel broadcasts. Path development stage builds up a path by overflowing route
request (RR) parcels in the system.

Hub Stability
The steady hubs are fundamental in sending gathering to give better parcel delivery
administrations. Two measurements are distinguished for hub development steadi-
ness in network: self-dependability and neighbor hubs strength. The means in iden-
tifying the security of the hub is given as the following. (1) Entire hubs in MANET
locate oneself—development dependability, i.e., hub development with respect to its
past position, and (2) discover neighbor hub development security of the considerable
number of hubs in MANET by thinking about the neighbor’s self-strength.

dt
i =

√
(xn − xr )2 + (yn − yr )2 (1)

Congestion Scheduling Model
To demonstrate the blockage issue in MANET, following two models are developed:
channel load model and buffer occupancy mode.

Channel Load Model
Overcrowding in a framework is estimated dependent on pace of progress in channel
load (CL). It can be spoken where T active and T inactive are active and inactive
events of the channel. If channel weight assembles, blockage in the system rises.
Consequently, variation in pace of channel burden in a specific time window shows
modification in flooding level.

CL = Tactive/(Tactive + Tinactive) (2)

Link Buffer Occupancy (LBO) Model
A hub ought to keep up a normal buffer level to maintain a strategic distance from
congestion and continuous connection disappointments. LBO is characterized as the
proportion of queue occupancy (QOCC) by a connect to greatest queue size (QSIZE)
of the buffer in a certain time window at middle hub.

LBO = QOCC

QSIZE
(3)

Link/Route Scheduling
The link expiration time (LET)model is proposed towarddiminishing the information
parcels misfortune because of connection disappointments. LET characterizes the
lifetime of a connection between transitional hubs. In prevailing protocols, a versatile
hub continues to utilize the path until the connections are disconnected. Here, to
utilize a proactive strategy for discovering a period of time that adjacent neighbors
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stay associated if the speed, bearing, and radio broadcast extent are recognized.
Anticipating the LET along every hop on the path will encourage the forecast of
route expiration time (RET). The lifetime is characterized as RET for path among
customer and server.

3.1 Procedure for Proposed Scheme

Steps for the proposed plan are as per the following.

• Generate specially appointed system with given quantity of hubs.
• Evaluate the neighbor steadiness dependent on self-hub development security and

neighbor hub development steadiness.
• Compute interface blockage factor dependent on channel overcrowding and buffer

blockage factors. Calculate LET.
• Inform connect information at every hub thinking about their neighbors.
• Establish route discovery process utilizing route request, route reply, and route

error and appropriately update RIC.
• Initiate the path(s) between customer to servers and transmit the information

parcels.
• Calculate execution constraints of the framework.

4 Results and Discussion

The plans for n-anycast servers are associated with thin and thick method. For thin
and thick specialist co-ops, it is seen that the control overhead is decreased plan. For
the thin case, the assess of control overhead by shifting the n esteems from 1 to 10,
whereas the assess overhead for the thick event by changing n esteems from 11 to
50. The impact of PDR is considered by changing the quantity of hubs, versatility
of the hubs, and number of customers. The adaptability in the framework is tried by
discovering the PDR with increment in number of hubs from 50 to 250 with static
portability of the hub as 5 m/s. From examination outcomes, it is seen the PDR
increments reliably with increment in number of hubs also increment in number of
servers from 10 to 15. This makes PDR is essentially superior to flooding and DSR.
PDR increments as number of server’s increment since customer can get associated
with some other server even when the associated server has versatility. Comparing
PDR and DSR with flooding, there is a noteworthy contrast when the movement
rises. If the speed of the hub increments, new route finding is done in PDR for
overflowing, whereas DSR causes loss of parcels. Though MQAR plot modifies the
transmission way dependent on three models such as stability, congestion, and route
expiry models, allows the bundles to move to most extreme degree at whatever point
either hub/interface fizzles or hubs move out of coverage. Thus, has larger PDR than
different plans. End-to-end delay for differing portability of hubs and number of
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hubs is portrayed. If portability speed of the hubs increments, end-to-end delay also
increments. This postponement is larger in flooding and DSR as analyzed.

4.1 Performance Analysis

The proposed work is simulated for various wireless network environments to vali-
date its performance. From the simulation results given in Figs. 2, 3, 4, 5, 6, and
7, it is observed that the proposed scheme performs better than traditional flooding,

Fig. 2 Node residual energy

Fig. 3 Route construction probability
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Fig. 4 End-to-end delay

Fig. 5 Energy consumption

DSR, and DIASD scheme in terms of control overhead, packet delivery ratio, and
end-to-end delay.

End-to-end delay or one-way delay (OWD) implies the time taken for a group
to be transmitted over a framework from source to beneficiary. It is the typical term
in IP framework checking, and shifts from round trip time (RTT) in that solitary
route in the one bearing from source to receiver is evaluated. In proposed work,
the end-to-end delay is diminished to the most extreme. The energy consumption in
network varies depending on the protocols used and the number of nodes connected
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Fig. 6 Packet delivery ratio

Fig. 7 Average throughput

to the network. Energy efficiency ratio is compared between normal, existing, and
proposed work.

Packet delivery ratio is portrayed as the extent of data packages got by the goals to
those made by the sources destinations to those created by the sources. Numerically,
it tends to be characterized as: PDR = S1 ÷ S2 where S1 is the total of information
parcels got by every destination and S2 is the total of information bundles created
by each source. So, the packet delivery ratio is high for the proposed SWAH work.
Average throughput is the total payload over the entire session divided by the total



456 K. P. Sampoornam et al.

time. Average throughput ratio is compared between normal, existing, and proposed
work.

5 Conclusion

Hub’s movement constancy, channel weight, hub clog level, and route expiry time
are the significant QoS measurements between a few QoS constraints for giving a
productive, less overheadQoSsupport for any cast routing inwireless networks.Here,
the versatility andQoS based any cast directing inwireless networks is proposed. The
proposed work is reproduced for different wireless networks conditions to approve
its presentation. From the simulations, it is seen that the proposed plan performs
superior to conventional flooding, DSR, and DIASD plot as far as control overhead,
parcel conveyance proportion, and end-to-end delay.

The control overheadof our planMQARis decreased contrastedwith conventional
flooding, DSR, and DIASD plans. MQAR utilizes the ways which fulfill the hub
soundness, QoS, and blockage levels and RET; henceforth, breakage of ways for
hubs is less. The chose way to a server will be robust and remain for a more extended
term without information misfortune. At the point when the quantity of customer’s
increment, control overhead of three methodologies increment. MQAR performs
better contrasted with different plans since it utilizes the sending control component
through just steady and non-clog hubs. Subsequently, the quantity of request/reply
parcels utilized are decreased. This casing work accomplishes high security, more
energy efficiency, high parcel conveyance proportion, less latency, contrasting with
past edge works.
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Harvesting of Electricity from Handloom
Weaving Machine Coupled with Dynamo

N. Bhuvanesh, G. Kumaresan, C. Subramaniyan, C. Sasikumar,
and R. Mukeshu

Abstract A hand loom is a device used to weave cloth and tapestry. The basic
purpose of any loom is to hold the warp threads under tension to facilitate the inter-
weaving of theweft threads.Most of the handloomunits run either as sole-proprietors
or on partnership basis, and there is a lack among owners about professional outlook
in the overall handing of their units. Handloom weaving machine can be coupled
to a power generator/dynamo through mechanical linkages. The continuous oscil-
lating motion of to-and-fro moving wood can be used to drive a dynamo, thereby
producing electricity. It is an eco-friendly system of generating electricity, which
does not harm our society and the environment. The main objective of the work is to
couple dynamo to the handloom weaving machine and to produce power/electricity.
The movement of to-and-fro moving wood makes the dynamo to rotate, which will
be coupled to the handloom weaving machine with the help of mechanical linkages,
and the power is transmitted to the dynamo. The power generated from the dynamo
can be either stored in a battery or used as a direct power source. Physically chal-
lenged people easily operate this machine. Electricity of 60 W per hour of operation
can be produced from the handloom weaving machine coupled with dynamo. The
efficiency of the proposed machine can be improved by adjusting the gear ratio. The
electricity generated depends on the rotation of the dynamo and thereby handloom
weaving machine, and it does not cause any harmful effects to the society and to the
person who is working on it. One working system of handloomweavingmachine can
produce minimum power of 60 W per hour of operation. If the proposed technology
is used throughout the country in weaving industrial area, then crises of power need
will be eradicated to a certain extent.
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1 Introduction

A hand loom is a device used to weave cloth and tapestry. The basic purpose of any
loom is to firmly hold the warp threads under tension to facilitate the interweaving
of the weft threads. The hand loom industry has been developing over a period of
time, and it is spread throughout the country. Many of handloom proprietors are not
aware of the modern technique of coupling dynamo with the handloom. Handloom
weaving machine can be coupled to a power generator/dynamo through mechanical
linkages. The continuous oscillating motion of to-and-fro moving wood can be used
to drive a dynamo, thereby producing electricity. It is an eco-friendly system of
generating electricity, which does not harm our society and the environment. The
handloom-made products not only emphasize the artistry of the weavers but also the
rich look and diversity of the Indian culture. Tamilnadu occupies the place of pride in
having the large numbers of handlooms in the country. Handloom weaving is one of
the largest economic activities in Tamilnadu. Number of handlooms in Tamilnadu is
about 154,509, and number of handloomweavers is about 352,321. All over India, in
rural areas, there are about 20.66 lakh looms, and in urban areas there are about 3.11
lakh looms. The number of people engaged in allied activities and allied is around
43.31 lakh people [1, 2]. On an average, number of days worked per weaver per
annum is 234 days. In India, 77% are women and 23% male weavers, out of 38.47
lakh adult weavers and allied workers. Among total population of weavers, 10% are
scheduled casteweavers, 18%of theweavers are from scheduled tribes, 45%are from
other backward classes, and 27% are from other caste. The handloom commodities
with the premium India handloom trademark are differentiated from other brand of
commodities in terms of quality [3, 4]. The manufactured goods quality is elevated
because of appropriate texture and use of high-quality yarns, and threads is dyed
with secure non-carcinogenic dyes which are free from banned amines and have
good quality fastness property [5, 6].

2 Literature Review

In order to save the culture of handloom in India, we can adopt some change in
techniques to those handloommachines to make the people to withhold the culture of
handloom techniques [7]. Backer [8] Hazarika et al. (2015) enumerated the literature
on technology adoption is huge, studies focused on implementation related issues
concerning nonfarm, rural, and informalmicro-entrepreneurs in rising economies are
little and distant between. In many rural-areas, small-scale and medium-scale firms
play important role in development of the country. Bhagavatula et al. [9] investigated
the ability to identify opportunities and mobilize resources, by influence of social
and human capital of entrepreneurs. Also, the power-generating technology has been
included in co-operate to handloom machine to collaborate the modern technology
with the traditional one [10, 11]. Chen et al. [12] found that greater advantages
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are found in self-charging power textile (SCPT) based on harvesting of energy and
storing of energy components for development of electronics that arewearable.Anew
SCPT has been developed with fabric tribo electric nanogenerator and a woven super
capacitor (W-SC) for human motion energy harvesting and storing simultaneously
[13, 14].

Goswami et al. [15] found that, in India, 65% of the total handloom households
are from northeastern states. Modern techniques incorporate with our traditional
machines thatmust be adopted to safeguard traditionalweaving techniques due to less
percent of the working looms utilized for commercial purposes, and the handloom
weaving industry is overwhelmed with many manifold problems [16, 17].

3 Methodology

A dynamo is an electrical generator which produces direct current using a commu-
tator. For delivering power to industries, dynamos were used as first electrical gener-
ators. The disadvantage of a dynamo is its mechanical commutator. This prototype
of handloom is coupled to the dynamo. Dynamo works on the principle of Faraday’s
law. The handloom weaving machine is coupled to power generator/dynamo. The
movement of to-and-fro moving wood makes the dynamo to rotate, which will be
coupled to the handloom weaving machine with the help of mechanical linkages.
The power generated from the dynamo can be either stored in a battery or used as
a direct power source. Electricity of 60 W per hour of operation can be produced
from the handloom weaving machine coupled with dynamo. The efficiency of the
proposed machine can be improved by adjusting the gear ratio. The electricity gener-
ated depends on the rotation of the dynamo and thereby handloomweaving machine.
One working system of handloom weaving machine can produce minimum power
of 60 W per hour of operation. The coupling of dynamo increases the employment
for youth generation. In a wooden vertical-shaft looms, heddles are fixed in place in
the shaft. The to-and-fro motion of the weaving machine connected to the rotating
shaft is again connected to the sprocket and the spur gear of the dynamo. The DC
dynamo is connected to the rechargeable unit and the 6 V light. The light source is
helpful for the working of the machine in night hours.

4 Results and Discussion

The design calculations of the proposed work handloom weaving machine coupled
with dynamo are given below.

Let WT represent permissible tangential tooth load in Newton

WT = P

V
∗ CS
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Rated power, P – 6 W

V = πDN

60

Diameter = 0.05 m, number of revolutions per unit = 65 rpm, and service factor
is taken as 1

WT = 6 × 60

π × 5 × 10−2 × 65

WT = 6

0.170

WT = 35.29N

On applying Lewis equation:
Let WT be tangential load

WT = σ0 × cv × b × π × y′ × m

σ0 = allowable static loads

σ0 = 140N/mm2

b = face width of spur gear.
b = 12.5 mm.
cv = deformation by using Buckingham theorem.
cv = 80.
tE = equivalent teeth

tE = ts
cos3α

tE = 30

y′ = 0.154 − 0.192

tE

y′ = 0.154 − 0.0304

= 0.1236

cv = coefficient of velocity factor
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cv = 6

6 + v

cv = 0.97244

WT = σ0 × cv × b × π × y′ × m

WT = 140 × 0.97244 × 12.5 × 103 × 3.14 × 8

WT = 42.748N

Let WD be dynamic Load.

WD = WT + WI

WI = 2lv(b.c ± WT)

2lv
√
b.c + WT

WD = 42.748 + 3.57(43.748)

3.57(20.916)

WD = 42.748 + 2.0916

WD = 44.8396N

Tooth form factor:

yp = 0.175−0.0021

yp = 0.1582m

Static tooth load or endurance strength of the tool:

Ws = σe × yp × b × π × b × m

σe = 84

Ws = 84 × 12.5 × π × 8 × 0.1582

Ws = 4174.7996 N
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Ratio factor:
Let ww be maximum or limiting load for wear:-

ww = DP × b × Q × k

k = 1.4

Q = 2 × V .R

V .R + 1

Q = 2 × 2.5

3.5

Q = 1.428

ww = 2 × 12.5 × 1.428 × 1.4

ww = 49.98N

Therefore, the wear load is not less than the dynamic load. Hence, the proposed
gear system can withstand the forces and transfer the rated power. Figure 1 shows the

Fig. 1 Developed handloom weaving machine coupled with dynamo
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developed handloom weaving machine coupled with dynamo to generate electricity,
thereby storing it in a battery or it can be connected to a grid directly.

5 Conclusion

The handloomweavingmachine is coupled to a power generator/dynamo. Themove-
ment of to-and-fromovingwoodmakes the dynamo to rotate, coupled to themachine
with the help of mechanical linkages, and power is transmitted to gear arrangement
system. This makes the dynamo to produce electricity. The power generated from the
dynamo can be either stored in a battery or can be directly connected to the grid or
can be used as a direct power source. The efficiency of the developed machine can be
improved by adjusting the gear ratio. The vibration of handloom leads to the power
generation. The rotating shaft connected to the moving wood is the main reason for
the power generation. The rotating shaft coupled with the dynamo produces power
supply of about 6 V in the showcased prototype. The power storage level is also good
and considerable. This operates only on the hands, so that the physically challenged
people can use the handloom. Developed handloom weaving machine coupled with
dynamo is an eco-friendly system of generating electricity, which does not harm
our society and the environment. The generated electricity can be used to power the
room where the handloom is installed, it can be either stored in a battery or can
be directly connected to the grid to satisfy the domestic power needs. Handloom
weaving activity plays an active role in the growth process of the state as well as the
nation.
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Removal of Rain Particles
from the Single Captured Image

K. P. Sampoornam, S. Saranya, S. Vigneshwaran, J. Roshini Roy,
and P. Santhya

Abstract The captured image often suffers from rain or snow due to bad weather.
To remove the rain streaks, many methods and algorithm were proposed. However,
in this paper, we proposed a novel idea in the restoration part. The first step is to apply
filtering techniques on the image and then comes the restoration portion where the
new approach is taken that is expectation-maximization algorithm. In this method,
the parameter estimation of incomplete data is done bymaximum likelihoodmethod.

Keywords Image enhancement · Centroid · Filtering · Backfilling · Clustering

1 Introduction

Nowadays, the vision systems are widely used for various applications such as
surveillance, machine vision, and navigation. Sometimes these systems collect data
which aremainly affected bydynamicweather such as raindrops or snow. It affects the
visual data which reduces the quality performance of the vision systems. Most of the
early works are about removing raindrops or snow from the video. But the removal of
those from the image is a complex process because the raindrops may have different
pattern of streaks and different directions. The snow will be in different sizes. This
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causes the image blur, and the quality of the image may be reduced. To address these
type of problems, many proposed different algorithms for various applications.

In this paper, based on the previous methods and studies, the identification
of the raindrops or snow in an image using Gaussian filer which gives the low-
frequency components have been analyzed. Using that high-frequency component
which contains the rain drops or snowflakes in the image can be obtained. And in
the next step, for the obtained low-frequency components, the expectation–maxi-
mization algorithm which is used for the restoration process of the removed pixels is
applied. This method uses their neighboring values for the restoration process. The
neighbor pixel values are summed and averaged. Then, those values are assigned
for the lost pixel. The detailed study of this method is explained in this paper which
involves the removal of raindrops and snow and its effective restoration process. This
method can be effectively used for the raindrops or snowflakes which are smaller in
size where the loss of data is less.

2 Literature Review

The downpour/snow expulsion from a solitary shading picture is proposed in [1].
They illustrated a few normal qualities of rain and day off, which two measurements
are defined, to be specific, the sensitivity of variance crosswise over color channels
(SVCC) and the principal direction of an image patch (PDIP). They created a low-
recurrence part utilizing guided filter, while the comparing high-recurrence part is
made integral to the low-recurrence part. They separated picture subtleties from the
high-recurrence part utilizing three-layer chain of command. Specifically, the first
layer is a three-times classification that depends on a prepared word reference (over-
complete), the subsequent layer applies anothermix of downpour/snow identification
and a guided filter, and the third layer uses the SVCC to improve the visual nature
of the downpour/snow-evacuated picture.

In [2], the authors analyzed about the imaging system for visual effects of rain.
They developed a correlation model to capture the dynamics of rain and a physics-
based motion blur model that explains the photometry of rain. In order to remove
haze from the single image, the authors in [3] combined dark channel prior with haze
imaging model. For distant objects, the original scene is not recovered perfectly.
Later, [4] developed geometric and photometric models to analyze the complex
effects of rain [5] developed amethod for recovering the needed parameter to separate
the air light which is scattered by the haze particles toward the camera. Due to bad
weather, the light falling on the camera can be completely scattered [5]. To overcome
this, [6] presented a method to identify the depth discontinuities and to compute
structure of a scene. Description of the splitting of visual system explains the results
of a color-matching study in the Great SmokyMountains National Park. The changes
in the colorfulness of the object will affect the optical depth not the hues of objects
seen through haze [7].
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Kang et al. [8] proposed a solution for removing rain streaks by applying morpho-
logical component analysis for image decomposition. In [9], the authors proposed
computer vision-based technique for detecting rain drop.TheyusedGaussianmixture
model for separating foreground images from the background images [9]. Further, an
algorithm for removing rain streaks of video captured with moving objects is devel-
oped [10]. An efficient research direction for effectively detecting outdoor environ-
mental conditions is suggested in [11]. In [12], the authors analyzed about five types
of road conditions such as “Dry,” “Wet,” “Slushy,” “Icy,” and “Snowy,” by adopting
image analysis technology.

Textural features can be computed quickly based on relative frequency distri-
bution. This can be used as an additional input for detecting rain drops [13]. An
effective algorithm along with classifier can be used to detect motion blur in a single
image [14]. In moving objects, synopsis collision can be decreased by calculating
time positions and coefficients which reduces the size of an object [15]. By using
adaptive non-local means filter, major image details cannot be retrieved, and it does
not remove all of the rain drops [16]. In [17], guided image filter is used with dictio-
nary learning and sparse coding where complexity in coding resulted an inefficient
removal of rain drops in an image.

3 Overview of Existing and Proposed Method

3.1 Existing Method

In the first step, the dynamic components of the original image can be found out
by using windowing techniques. To decompose a rain/snow images into the low-
frequency and high-frequency part by using the well-designed filters, the image is
enhanced using guided filter. The balance between removing rain/snow components
and preserving image’s details is improved much in this result. The model-based
processing can be applied on the high-frequency part to further extract the image
details to be added back into the low-frequency part [1], while the low-frequency
part can be made free of rain or snow as much as possible.

In the second step, to obtain the final rain/snow-removed image, the image details
can be added back to the low-frequency part. It is difficult to accurately sepa-
rate rain/snow with other non-rain/snow components by normal detection methods
because the location of rain/snowcomponents is random. Some are rain/snowcompo-
nents, and the others are non-rain/snow components. One of the excellent image
decomposition method is dictionary learning, which can decompose an image into
many components. For factorizing the high-frequency components, we use online
dictionary learning method. The problem with a new online optimization algorithm
that is based on stochastic approximation is factorized by this method.
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Fig. 1 Rain drop/snow removal using SVCC method

Here, word reference particles representing dynamic segments will have a littler
aggregate of pixel shading channel difference. In this manner, the whole of pixel
shading channel difference is determined for every lexicon iota.

From that point onward, non-dynamic parts that normally contain shading esteems
that are very not quite the same as that of dynamic segments is separated. Be that
as it may, non-dynamic parts whose hues are like unique segments would even now
stay in the resultant picture.

At that point normal of total flat angle of the pixels, it is taken in these word
reference particles in which the pixels with nonzero slope esteems are chosen. The
molecules with an enormous mean of total flat slope speak to dynamic particle. At
that point, the resultant picture is thresholded to recognize the dynamic parts viably.
The principal direction of an image patch (PDIP) of dynamic particles is almost
steady and has little fluctuation, and it is found. These three are included, and the
powerful identification of downpour/snow is performed.

A minority of non-dynamic subtleties still exist in the past advance. So as to get
more picture subtleties, dynamic parts is recognized in high-recurrence segments
again by the blend of downpour/snow recognition and a guided filter and utilized
the recently determined area guide to fill the gap. The downpour drop-expelled or
snow-evacuated results are still somewhat obscured. So as to additionally improve
the visual quality, sensitivity of variance of color channel (SVCC) guide of the high-
recurrence part is determined and afterward use it to filter the high-recurrence part to
get some non-dynamic segments. Finally, all non-dynamic segments are summarized
to get the downpour/snow-evacuated picture as appeared in Fig. 1

3.2 Drawbacks of Existing Technology

• The existing work cannot effectively remove the rain drops in the image captured
during heavy rain. The enhanced output cannot be expected in this work.

• The complexity in getting the exact output involves much time consuming one
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Fig. 2 Flowchart of
proposed method

Optimized output

Sensitive variations

Dictionary atoms

BackFilling

Deep Iteration

k-means filtering

Thresholding

Input Image

3.3 Proposed System

The image is processed by using threshold technique with appropriate values,
which separates high-frequency rain components and low-frequency components
that contain image details. Here, k-means clustering is usedwhich is an iterative, data-
partitioning algorithm that assigns several observations to exactly one of ‘k’ clusters
defined by centroids, where k is chosen before the algorithm starts. k value is chosen
from 1 to 3which is used for the iteration. k initial cluster centers (centroid) is chosen.
Compute point-to-cluster-centroid distances of all observations to each centroid. This
algorithm uses batch update which is assigned for each observation to the cluster with
the closest centroid. The average of the observations in each cluster is computed to
obtain k new centroid locations. Repeat steps until cluster assignments do not change,
or the maximum number of iterations is reached.

Resulted output is then filtered using 2D order-statistic filtering where the clus-
tered values are replacedby a single value. Then, it undergoes edge detection followed
by masking with 5× 5 window (most of the rain pixels lie within this window size).
The masked image is filtered using Gaussian filter, the image is smoothened using
neighboring pixels which blurs the rain drops. The smoothing is repeated for some
iteration to get an appropriate result. Then, the morphological operations is applied
to fill the gaps where blur pixels are reduced without any noise. This enhances the
image quality. Finally, the point-spread function is converted to optical transfer func-
tion which is used to increase the pixel intensity. The design flow of this proposed
method is shown in Fig. 2

4 Result and Discussion

The image inwhich the snow/rain streaks to be removed is captured by digital camera.
The quality of the image is quite important for the operation to be successful. In
the captured image, the coarse location of dynamic components are detected. The
dynamic component consists of rain and snowcomponents. From this location, binary
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Fig. 3. a Input image. b Threshold image

location matrix is formed. The MATLAB software is used for implementing all the
steps given in Fig. 2

The captured color image is in RGB format as shown in Fig. 3a. This should
be converted into gray scale image for easy computation. In order to identify the
noise in the image, the threshold is applied. The threshold value normally lies within
100–200 which is fixed by trial and error method. The resultant image is shown in
Fig. 3b.

Next, K-means clustering algorithm is applied with K value which ranges from
1 to 3. The output obtained at this stage is shown in Fig. 4(a–c). The average of the
observations in each cluster is calculated to obtain knew centroid locations.

Figure 5 shows the Sobel edge detected image which is used to split the image
into layers. The more number of iteration results in finding the depth of the back-
ground pixels effectively. In order to remove the variation of noise that occurs in
the process, the backfilling process is used. It is based on the discrete cosine trans-
form. The resultant image is compressed to minimize the pixel values which are
maximized during the process. Figure 6 shows the image after backfilling operation
is completed. Finally, the gradient minimization is used to smoothen the resultant
image. The replaced pixel boundaries are reshaped by this process. This will remove
the variations in the backfilled pixels to the neighboring pixels which results the clear
output image as shown in Fig. 7.

5 Conclusions

This paper proposes the mechanism to remove rain/snow from a single color image.
Noise is detected by applying threshold and then by using k-means clustering (EM
algorithm) followed by edge detection, the image details are restored. Back filling
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(a) Image 1 (b) Image 2

(c) Image 3

Fig. 4 Cluster images

Fig. 5 Edge detection
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Fig. 6 Backfilling

Fig. 7 Output image

technique replaces the rain streaks pixels. This backfilled raindrop borders are iden-
tified by dictionary atoms. Further, the image quality is enhanced by smoothing
process.
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Effects of Chemical Curing
on the Mechanical Properties of Mineral
Admixtures Blended Concrete

V. Kannan and N. Karthiga Shenbagam

Abstract In this paper study the experimental investigation of partial replacement
of fly ash, lime, metakaolin by the weight of cement. It can increase the strength of
concrete. The replacement of pozzolanic material various percentages of 0, 5, 10, 15,
20, 25, 30 by cement content. The preliminary test is conducted in the cementitious
material such as fly ash, lime,metakaolin for specific gravity, fineness test, soundness
test, and setting time of cement to check that having cementitious properties and then
conducted the strength test of harden concrete like compressive strength, flexural
strength, and split tensile strength test.

Keywords Cement · Lime · Fly ash ·Metakaolin ·Water absorption ·
Compressive strength · Flexural strength

1 Introduction

It is always important to determine the optimal process parameters of any. Nowa-
days, construction is using concrete as a mixed material of cement, water, sand, and
aggregate. Many researches used pozzolanic materials such as silica fume, fly ash,
lime, metakaolin (MK), furnace slag, rice husk ash as replacement with the weight
of cement materials [1]. The disadvantage of metakaolin decreases the workability
of fresh concrete mix [1]. MK is fineness material to get affect the environmental
pollutions [1]. MK is partial replacement material of cement in percentage of 0,
5, 10, 15, 20, 25, 30%. So addition of superplasticizers in concrete is carries out to
increase theworkability of fresh concrete. Fly ash is generated from the power station
combustion. Ash is get from the agricultural byproduct. That all above cementitious
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Table 1 Physical properties of cement (OPC), lime, metakaolin, fly ash and sand

Sl. No. Materials Specific gravity Fineness passing

90 mic 75 mic

1 OPC 3.108 – –

2 Lime 2.31 100 99.8

3 Metakaolin 2.803 100 100

4 Fly ash 2 100 100

5 Fine aggregate 2.32 – –

6 Coarse aggregate 2.62 – –

materials can increase the various physical and chemical properties in concrete [1].
Various cementitious properties of material replace by the cement such as fly ash,
lime, silica fume, metakaolin (MK), and rice husk ash [2]. These wastes are the
reuse of cement replacement material to reduce use of cement content and respec-
tively heat of hydration [2]. The fly ash is a common replacement material of cement
productions [2].

Ash is a burning process of electric and power station byproduct [3]. Limestone
which is heated at 500–800 °c is generated to the limestone power waste (LPW) [3].
It is a fine natural material, so it causes an environmental pollution and generated
a heat of hydration in concrete [3]. When lime is added in cement it will increase
the need of water content for workability of fresh concrete. The effect of waste
material replacement checks the water absorption, compressive strength, and split
tensile strength [3]. The different proportion of rice husk ash is replaced by the
weight of cement to test the strength of concrete at 7, 28, and 58 days [4]. Optimum
replacement of rice husk ash is 10% the grade of concrete [4–8].

When rice husk ash is added as binder in concrete it tends to reduce the perme-
ability and enhances a very strong bonding between the concrete, when replaced
by 10% of cement content and when the particle of Rice husk ash varies between
6–10 µm tends to develop the strength and durability of concrete [8]. Internal curing
process of concrete is using PEG 400 to improve the strength high performance of
concrete [9, 10]. The internal curing of concrete to reduce the water content and
effect of void, and porous nature of concrete is to be supported [11] (Table 1).

1.1 Mix Proportions

The mix proportion of concrete involves constituents as cement, water, lime, fly
ash, metakaolin, sand, and aggregates. The cement replacement materials such as
lime, fly ash, metakaolin, and mix proportions are generally carried out for optimum
percentage of 5, 10, 15, 20, 25, 30% by the weight of cement material. Lime, fly
ash, metakaolin, and each material are replaced by the various percent and addition
of internal curing materials of polyethylene glycol (PEG 400). The fresh concrete
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Table 2 Cement replaced by binary of metakaolin strength at 7 days and 28 days

Grade of concrete Mix ID % of fly ash and
metakaolin

7 days strength 28 days strength

N/mm2 N/mm2

External curing

M30 M0 0% 16.5 24

M30 M1 10% 24.5 35.5

M30 M2 20% 21 30.5

M30 M3 30% 15.6 22.6

M30 M4 40% 12 17.4

Internal curing: (PEG 400)

M30 M5 10% 15 21.8

M30 M6 20% 20.1 29.15

M30 M7 30% 15.3 22.2

M30 M8 40% 12.8 18.6

can be properly placed with adequate workability and compacted and achieved the
required durability and strength of concrete.

1.2 Experimental Programs

Material Used
The materials used in the concrete as ordinary Portland cement (OPC 53 grade),
lime, fly ash, metakaolin, sand, aggregate, portable water, and PEG 400 were added
to check the internal curing process. The replacement materials are the preliminary
test conducted to check the physical and chemical properties which follow as per the
standard methods.

1.3 Compressive Strength of Concrete

See Tables 2, 3, and 4.

1.4 Flexural Strength of Concrete

See Tables 5, 6, and 7
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Table 3 Cement replaced by ternary of fly ash, metakaolin strength at 7 days and 28 days

Grade of concrete Mix ID % of fly ash and
metakaolin

7 days strength 28 days strength

N/mm2 N/mm2

External curing

M30 M0 0 16.5 24

M30 M1 10 17.1 24.8

M30 M2 20 9.3 13.5

M30 M3 30 6.5 9.43

M30 M4 40 5.4 7.83

Internal curing: (PEG 400)

M30 M5 10 18.1 26.3

M30 M6 20 9.9 14.4

M30 M7 30 8.8 12.8

M30 M8 40 3.3 5

Table 4 Cement replaced by quaternary of lime, fly ash, and metakaolin strength at 7 days and
28 days:

Grade of concrete Mix ID % of lime, fly ash and
metakaolin

7 days strength 28 days strength

N/mm2 N/mm2

External curing

M30 M0 0 5 8.9

M30 M1 5 10.25 14

M30 M2 10 8.6 11.1

M30 M3 15 4.7 9.2

M30 M4 20 4.6 8.5

M30 M5 25 4.5 8.3

Internal curing (PEG 400)

M30 M6 5 13.95 18.8

M30 M7 10 9.65 11.3

M30 M8 15 9.5 11

M30 M9 20 5.5 10.8

M30 M10 25 4.2 8

1.5 Split Tensile Strength of Concrete

See Table 8



Effects of Chemical Curing on the Mechanical Properties … 481

Table 5 Cement replaced by binary of metakaolin strength at 7 days and 28 days

Grade of concrete Mix ID % of metakaolin 7 days strength 28 days strength

N/mm2 N/mm2

External curings

M30 M0 0 1.27 1.84

M30 M1 10 2.39 3.47

M30 M2 20 1.43 2.07

M30 M3 30 0.95 1.38

M30 M4 40 1.11 1.61

Internal curings (PEG 400)

M30 M5 10 0.89 1.29

M30 M6 20 1.75 2.54

M30 M7 30 0.76 1.1

M30 M8 40 0.86 1.25

Table 6 Cement replaced by ternary of fly ash, metakaolin strength at 7 days and 28 days

Grade of concrete Mix ID % of fly ash and
metakaolin

7 days strength 28 days strength

N/mm2 N/mm2

External curings

M30 M0 0 1.27 1.84

M30 M1 10 1.18 1.71

M30 M2 20 1.11 1.61

M30 M3 30 0.8 1.16

M30 M4 40 0.79 1.15

Internal curings (PEG 400)

M30 M5 10 0.86 1.25

M30 M6 20 0.8 1.16

M30 M7 30 0.78 1.14

M30 M8 40 0.48 0.7

2 Results and Discussion

2.1 Compressive Strength of Concrete

The investigation of the test result is compared to conventional concrete. Two types
of curing methods are conducted. First one is external curing, and second one is
internal curing by using PEG 400. Both types of curing methods conducted various
mixing ratios. The size of specimen is 100 × 100 × 100 (mm). The result of the



482 V. Kannan and N. Karthiga Shenbagam

Table 7 Cement replaced by quaternary of lime, fly ash, and metakaolin strength at 7 days and
28 days

Grade of concrete Mix ID % of lime, fly ash and
metakaolin

7 days strength 28 days strength

N/mm2 N/mm2

External curing

M30 M0 0 1.58 1.62

M30 M1 5 1.11 1.43

M30 M2 10 1.03 1.4

M30 M3 15 1.11 1.43

M30 M4 20 0.64 0.89

M30 M5 25 0.6 8

Internal curing (PEG 400)

M30 M6 5 1.19 1.81

M30 M7 10 1.11 1.15

M30 M8 15 0.8 0.89

M30 M9 20 0.6 0.58

M30 M10 25 0.5 0.73

Table 8 Cement replaced by binary of metakaolin strength at 7 days and 28 days

Grade of concrete Mix ID % of metakaolin 7 days strength 28 days strength

N/mm2 N/mm2

External curing

M30 M0 0 1.27 1.84

M30 M1 10 2.39 3.47

M30 M2 20 1.43 2.07

M30 M3 30 0.95 1.38

M30 M4 40 1.11 1.61

Internal curing (PEG 400)

M30 M5 10 0.89 1.29

M30 M6 20 1.75 2.54

M30 M7 30 0.76 1.1

M30 M8 40 0.86 1.25

Fig. 1 Binary mix external
curing 40
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Fig. 2 Binary mix internal
curing 40
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Fig. 3 Binary mix external
curing 4
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external and internal curing concrete strength at 7 and 28 days is as shown in Figs. 1
and 2.

2.2 Flexural Strength of Concrete

The various cement are replaced by binary, ternary, and quaternary of lime, fly ash,
andmetakaolin. The strength attained the conventional concrete. The tested specimen
size is 100 mm Ø, 200 mm length of cylinder (Fig. 3).

3 Conclusions

In this research work a detailed study on normal concrete and partial replacement of
cementitious material was carried out and the strength of concrete was explained in
twoways such asExternal and InternalCuring of concrete. The replacementmaterials
are such as lime, fly ash, and metakaolin by the cement weight, and it is checked the
binary, ternary, and quaternary percentage of replaced to analyze the strength-wise.

MK is binary replaced by the weight of cement to get the result of compressive,
flexural, and split tensile strength of external and internal curing (using chemical of
PEG400). Fly ash and MK are the ternary replace to known the strength of concrete
updated. Lime, fly ash, and MK are quaternary percentage mixed to analyze the
strength of concrete (compressive, flexural, and split tensile).

Investigating the curing of concrete is external curing period which is checked at
7 and 28 days. The process of internal curing is conducted by using polyethylene
glycol 400 (PEG400) to check the strength of concrete at 7 and 28 days. When the
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use of PEG 400 is reducing the water demand of curing, at the same these do not
affect the strength of concrete.
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Abstract Over the past decade, power generation based on ocean wave energy has
become a significant component in modern renewable energy systems, which has
caused a substantial increase in the oceanwave power-based research.As it is compli-
cated to use a real WEC (Wave Energy Converter) for laboratory purposes, devel-
opment of a replica of a WEC that can be connected and used indoors is imperious.
This paper presents the design and development of a heaving type WEC emulator
device which is a motor-generator coupled system inbuilt with Pulse Width Modu-
lation (PWM). First, the mathematical model of the heave type WEC emulator is
developed and the corresponding hardware is involved. A reactive control for effi-
ciency enhancement for the proposedWEC is implemented in the developed emulator
under the regular and irregularwave conditions. The efficiency of theWEC is attained
through optimal electrical damping and further, the emulator facility enhances the
research potential towards the heaving type WEC.

Keywords Wave energy converter · Renewable energy systems · Pulse width
modulation · Emulator · Reactive control
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1 Introduction

The progress of renewable energy technologies has become indispensable in the
perspective of today’s global environmental concerns. In recent years, various
research activities have been put forth in the renewable energy converters and
ocean WEC plays a significant contribution. Till date, plenty numbers of concepts
are proposed and patented to harvest the energy from the ocean environment [1,
2]. Over 1000 wave energy conversion techniques have been patented in Japan,
North America, and Europe. Various wave energy conversion devices based on their
working principle were reviewed [5–7]. These devices are measured to be at proto-
type stage and under extensive development stage. The point absorber is one of the
types of WEC which is well known [4]. These point absorbers are generally insti-
gated in the offshore environment. Point absorbers are lesser in dimension when
compared to the wavelength and they are constrained to heave motion only. The
heave motion which is produced due to the relative motion between the wave and the
point absorber is further converted into rotary motion and then fed to conventional
generator or implementing the linear generator integrated with the point absorber for
direct energy conversion.

For any WEC device to work efficiently in the ocean environment and to extract
maximum power, the device has to be controlled efficiently [8, 9]. The controlling
means how the dynamics of the WEC are prepared to meet the irregular wave of
the ocean [10, 11]. In particular, the non-buoyant typed WEC which is used in this
research work performs well when the natural frequency of the device is closed to
the frequency of the incident wave. Hence the damping plays a vital strategy in
the performance of the WEC. Moreover, if the damping is high, then the motion
of the WEC is limited and at the same time if the damping is low then very little
amount of energy will be harvested. Therefore, optimal damping is required. In
the real sea environment the waves are subject to highly irregular wave conditions
which continuously vary in height and frequency and the WEC in order to adopt
such a drastic condition the dynamics of the converter have to be actively controlled.
Generally, the major improvement is noticed when the WEC is subject to active
control of the dynamics. The level of tuning the WEC can vary from tuning the
dynamics of the system to a particular sea state to wave-by-wave adoption.

High research facility at the laboratory level or in the onshore is required to
enhance the research activity for this type of WEC. As a result, a device that can
mimic the functionality of aWEC in a laboratory environment is of most importance.
The foremost requirement of such a device, which may be called a WEC emulator,
is the ability to produce the same static and dynamic characteristics of a real WEC.
Various simulation tools are available to simulate the WEC in various operational
wave conditions [15]. These simulation devices can model the real system and have
some limitations that only certain properties can be modified and tested and this has
high constrains over the research activities on dynamic characteristics. An emulator
can overcome these issues by replicating the real hardware system and captures the
functional connections between inputs and outputs of the system, based on processes
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that are the same as, or similar to, those of that real systems. Emulator model is
developed by many researchers for enhancing the research potential of wind turbines
[12, 13].

In this research work, this concept is initiated to a WEC such as the development
of the emulator for the non-buoyant type WEC and the mathematical model for the
same is developed and validated through experimental setup. The dynamic tuning of
the system such as the optimal electrical load damping is performed in the emulator
and the wave energy extraction efficiency enhancement is observed.

2 Non-Buoyant WEC

The proposed non-buoyant type ofWEC is generally a near-shore device to be placed
on a rigid platform (see Fig. 1). The general working principle of the proposed
innovative concept is published in the previous article [3]. To overview the developed
model, the system consists of a straight steel-framed oscillating arm, which is pivoted
at its middle. One end of the arm is suspended through a metal rope by a non-floating
cylindrical container with open bottom and an air vent is provided at the top (a semi
immersed container filled with water) and the other end is provided by a counter
mass (metal plates). The arm is coupled with the rotatable shaft at the pivoted point
and the whole assembly is mounted on a base plate. Further, the rotatable shaft is
connected with a unidirectional gearbox followed by a step-up gearbox and finally
the generator.

When the wave crest approaches the semi immersed container, the water level
around the container increases, and thus, the container’s effectivemass gets decreased

Fig. 1 Experimental system [3]
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as a result, the arm becomes unbalanced. An action of balancing this leads the counter
mass to pull the container up and the arm oscillates in one direction. When the wave
trough approaches the container, the effectivemass of the container gets increased due
to fall in the water level around the container and thus, it makes the container weight
heavy which in turn pulls the counter mass up. This alternating balancing makes the
arm to oscillate continuously. This continuous oscillation is transmitted to an input
gear of the unidirectional gearbox which is coupled at the center of the oscillating
arm. Further, the unidirectional gearbox transmits the low-speed high torque rotation
into high-speed rotation through step-up gearbox and it is immediately followed by
the generator to convert the rotation into electricity.

3 Reactive Loading Control

To achieve maximum energy extraction from ocean waves, effective control tech-
nology has to be implemented, and to attain this, the optimal phase or optimal ampli-
tude or both must be implemented [14]. Among the various control techniques, the
reactive control technique seems to be more effective in achieving both the optimal
phase and amplitude. But it is intricate to implement the reactive loading control
because it has strict constraints and all the constraints are frequency dependent. To
overcome this, a control strategy can be adopted in which the control is achieved by
adjusting the dynamic parameters of the energy converter such as the spring constant,
inertia, and the energy-absorbing damping. Further, this leads to the phase matching
between the floating body of the WEC and the incident wave. But, in the real sea
environment, it is complex to change the dynamic parameters of the WEC. Instead,
it is convenient to tune the damping load which has an impact on the dynamics char-
acteristics of the WEC. In this work, the damping to the WEC means in terms of
electrical load.

4 Emulator and Load Model

The reactive control is implemented on WEC in both the regular and irregular wave
conditions. Further, the experimental analysis is performed in the emulator which
dynamically mimics the non-buoyant WEC. The developed emulator is a DC motor-
generator coupled system. A mathematical model is developed for coupled motor-
generator systemwhere in load is connected to the generator. Starting with themotor,
the output of the motor can be expressed using Kirchoff’s voltage law and rotational
equation as,

Va = Im(Lm + Rm) + Ebemf (1)
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Here, Va is the motor armature voltage, Ebemf is the backemf of the motor, Im is
the motor armature current, Rm is the armature resistance of the motor and Lm is the
armature inductance of the motor.

Similarly, the governing equation for the generator is

Eg = Ig
(
RL + Rg + Lg

)
(2)

The equation for the generator is similar to that of the motor in which parameters
are indicated with subscript g, except Eg which is known as an induced emf of the
generator and RL is the resistive load.

Now, the torque of the motor can be derived as,

Pm = Ebemf Im (3)

Here, Pm is the mechanical power of the motor.
The mechanical power Pm is related to the electromagnetic torque Tm as,

Pm = Tmω (4)

ω is an angular speed in rad/s.
Now, equating Eqs. (3) and (4)

Ebemf Im = Tmω (5)

Further, it can be simplified as,

Tm = Km Im (6)

Here, the torque constant and voltage constant is considered to be equal and
denoted as motor constant Km.

Similarly for the generator, the corresponding torque equation and induced emf
is,

Tg = Kg Ig (7)

and

Eg = Kgω (8)

Let’s consider the resistive lamp as the load connected to a DC generator output
terminals. At steady-state conditions, Eq. (8) can be rewritten as,

Eg = Ig(RL) (9)

Using Eq. (8) and (9) the current flowing through the load can be obtained as,
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kgω = Ig(RL) (10)

Now, the power intake of the resistance load PL is given as,

PL = k2gω
2

RL
(11)

where kg2 is the generator constant and the above equation gives the relation between
the resistance values of the system to that of the system angular speed and further,
the optimal resistive load can be obtained from the corresponding angular speed of
the system.

5 Hardware Implementation

The emulator is developed with hardware components that are integrated with a
software tool scripted in the Java platform. The signal output of the software tool
dives the direct current motor that has been inured to operate in a torque control
mode with an external analogue voltage signal. The electric power is generated by
a rotor induction machine driven by a servo-motor. Table 1 gives the various system
components of the emulator setup.

The basic arrangement of the hardware devices and the emulator setup used for
the proposed model is shown in the Figs. 2 and 3. Here, the DC power source is
provided with 50 V which is supplied to the DC PWM drive. The wave pattern or
the corresponding non-buoyant displacement with respect to time is fed to the same
via computer interface. The DC PWM drive converts the wave pattern, or the non-
buoyant profile into the corresponding PWM duty signal. Further, the duty cycle in
terms of voltage is varied from 0 to 100% is supplied to the armature coil of the
PMDC motor where the maximum speed of the motor is to be 1750 RPM. PMDC
motor rotates with different speed bases in the range of the duty cycle and the motor
is coupled to the generator at the help of the shaft, which forms the DC motor/DC

Table 1 System components of the emulator setup

S. No. Components Ratings

1 PMDC motor RPM 1750, power 750 W, input voltage
50 V DC, current 15 A

2 PMDC generator RPM 1500, power 500w, output voltage
50 V DC, current 10 A

3 Resistive lamp load Power 400 w, voltage 50 V, DC current
8 A

4 Linear PWM controller (Motor drive) Power 750 w, Voltage 60 V DC

5 Linear PWM controller (Load controller) Power 500 w, voltage 60 V DC
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Fig. 2 Hardware devices

Fig. 3 Emulator setup

generator couple. The installed generator has a maximum capacity of 1500 RPM and
maximum power production of 500W. In the real ocean environment, to generate the
power in a batter quality, it is always required to rotate the generator with constant
speed. But this is not possible due to variation in the ocean wave and variation in
load. This problem is overcome by introducing the reactive control technique where
a sensor which monitors the generator shaft speed. If there is a variation in the
generator speed due to irregularity in the ocean wave or oscillations in the load, the
sensor monitors and sends the information to the load controller. Where the load
controller tunes the load accordingly and the optimal load is provided to maintain
the generator speed constant.
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6 Experimental Investigation in Emulator

The emulator is designed and fabricated in order to conduct analysis for any kind of
wave and non-buoyant displacement profile. The modification of the input wave is
achieved in the emulator and the corresponding output can be retrieved. These modi-
fications cannot be easily done in the real laboratory scaled WEC. In the emulator,
the data set such as the time and corresponding wave is fed to the emulator through
the developed software tool.

The time period input and the displacement of the non-buoyant are fed to the
software tool and these fed data’s can be viewed in the graphical form in the graphical
window. Also, the data can be viewed in the right top column of the software tool.
The wave data which is fed is lying in both the positive and the negative half cycle,
before forming the duty cycle the wave cycle completely transferred to the positive
half cycle as shown in Fig. 4. Further, the corresponding duty cycle is formed and
fed to the drive.

The control panel of the developed software consists of a number of provisions
such as drive duty, drive status, drive current and other parameters modifying facility.
After feeding the data, such as the time and the non-buoyant displacement the algo-
rithm finds the duty cycle for the corresponding wave profile. Further, when the
motor coupled generator is switched on, the motor runs with respect to the duty
cycle provided and in turn drives the generator. The load provided to the generator
is tuned accordingly to provide optimal power efficiency.

Fig. 4 Formed duty cycle
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7 Results and Discussions

Reactive control of the energy converter is performed for the regular waves in
the emulator model. The wave data which is provided to the emulator is a set of
different regular waves of amplitude and time period of 20 cm/2.2 s, 25 cm/2.2 s,
and 25 cm/2.4 s. Before running the emulator for the given wave conditions the duty
cycle and the generator speed are fixed, where these values resemble the values of
the flume wave and the laboratory scaled energy converter.

The servo motor rotates as per the duty cycle, which mimics the real wave and
further generator is coupled with the motor for power production. A pick-up sensor
monitors the generator shaft speed and compare with the set speed and accordingly
the load is adjusted such that two-speed value is approximately equal. The power
production is recorded and it varies in such a manner that the speed of the generator
shaft matches the set speed.

From the above results which are given in Figs. 5, 6 and 7 the electrical load is
modified to maintain the set speed, by doing so the quality of power generated is
maintained, and also the WEC work in the resonance condition where the frequency
of the energy converter is in phase with the ocean wave. The resonance condition of
the energy converter is validated in the wave flume experimental setup by providing
the optimal load which is obtained from the emulator result. Results are shown in
Figs. 9 and 10 where the wave frequency and the non-buoyant frequency match each
other and with the phase difference of 180° (Fig. 8).

Generally to obtain the optimal energy from the regular waves, the load conditions
are varied to maintain the generator speed constant, but it is not possible for the
irregular waves. It is not possible to fix the speed at a constant level in the case of an
irregular wave conditions.

Reactive control of the energy converter is performed for the irregular waves in the
emulator model. The wave data which is provided to the emulator is a set of different

Fig. 5 Power generated for 10 cm 2.2 s wave at 600 RPM set speed
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Fig. 6 Power generated for 20 cm 2.2 s wave at 500 RPM set speed

Fig. 7 Power generated for 25 cm 2.2 s wave at 700 RPM set speed

Fig. 8 Undamped WEC for 10 cm wave amplitude and 2.2 s time period
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Fig. 9 Damped WEC for 10 cm wave amplitude and 2.2 s time period

Fig. 10 Power generated for irregular wave I

irregular waves which is a combination of different amplitude and time period. The
power which is produced in the irregular wave conditions is discussed.

Figures 10, 11 and 12 shows the production of power in different irregular wave
conditions and it is noted that the power production is highly affected in the case of
irregular waves. Thus, in order to obtain an optimal energy from the irregular waves
along with the reactive control, predicting the incident irregular wave in advance is
required. To achieve this an intelligent system has to be incorporated along with the
system.

8 Conclusion

The huge research potential is required to carry out the research activities in wave
energy conversion. It is intricate and complex to perform any kind of exploration
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Fig. 11 Power generated for irregular wave II

Fig. 12 Power generated for irregular wave III

activity on the WEC in the real shore environment or in the laboratory scaled wave
flume. This paper demonstrates an emulator for a particular heave type WEC. The
following results are obtained from the development of the emulator model:

• The developed emulator replicated the real hardware system and holds the func-
tional relations between inputs and outputs of the system, based on processes that
are the same as, or similar to, those of that real systems.

• It enhances the research potential of the WEC.
• Reactive control is performed in the developed emulator model and the optimal

phase matching is obtained to enhance the efficiency of WEC.
• Intelligent systems are required to predict the irregular wave in advance in order

to find the optimal parameter ( electrical load).
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These kinds ofWECemulators reduce the experimental complexity and economic
constraints in WEC research. Also, enhance the research potential of the energy
converters.
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Characterization and Fabrication of ABS
and PLA-Based Polymer Matrix
Composites Using 3D Printing
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Arunkumar Rajamanickam, Vinoth Kumar Selvakumar,
and P. Chandrasekar

Abstract The recent dynamical world cannot imagine the growth without fetching
any thought of upgrading in material composite. Numerous studies are taking place
in these biodegradable polymer composite materials to attain the required standards.
Biodegradable fiber embedded polymer composites have a strong correspondence
to change the composite fabricated of plastics. Natural polymer materials have the
following pros like low-cost, lightweight, improved strength, easy accessibility, non-
toxic, non-abrasive, and decomposable properties. Researchers have extended their
proficiency idea in the product design by using rawmaterials which consist of natural
fiber.Natural fibers are stronger and also can be utilized in producing high-end quality
viable manufacturing products. The primary intention of the current experimentation
is to observe the mechanical performance of Gangura roselle fiber reinforced with
thermoplastics composites. Gangura roselle fibers are reinforced in thermoplastics
like PLA and ABS to produce composite materials. Later test for mechanical prop-
erties of the polymer matrix composite is verified as per different ASTM standards.
The outcomes of the testing were plotted in the graph and the properties are observed
and their uses in different mechanical applications.

Keywords Natural fiber reinforced Composite · PLA · ABS · Gangura roselle
fibers · ASTM

1 Introduction

The day-by-day increasing environmental awareness and public interest, adminis-
trations, and the novel ecological guideline, led to the thoughts of environmental
responsive raw material. Hence the biodegradable fiber is considered as the envi-
ronmental responsive materials which have better effects as soon as compared with
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other polymer materials. Most of the countries have forced industries like aerospace,
production and manufacturing, automotive, construction and packaging to search
for ecologically responsive alternate materials. During the 90s, the term polymer
composite material was stretched out to all frameworks with something like two
parts, one of which was natural. Currently, the composite application is thriving.
Composites prepared with the addition of bio fibers are the most attractive alter-
native to solve the environmental issues developed by the industries [1]. Recently
the researchers are deeply engaged to find the alternate for monolithic materials to
enhance biodegradability and safe ecology.

Sathish Kumar et al. [2] revealed this research paper presents that fiber-
reinforced materials are widely utilized for basic appliances because of improved
weight-bearing capacities.

Uygunoglu et al. [3] proposed this research paper presents, normal filaments,
composites are likewise gotten by expulsion process. These composites show
exhibitions that permit their utilization just for brief term.

Velusamy et al. [4] investigation includes, Water absorption behavior and
mechanical properties of epoxy composites reinforced by Calotropis Gigantea fiber
synthesized using compression molding method.

Joseph et al. [5] has been characterized by the Calotropis Gigantea fiber embedded
epoxy composites synthesized by pressure moulding methods. Experimentations
were done on specimens with various volume portion (0, 5, 10, 15, 20, 25, and 30%)
and fiber length (10, 20 & 30 mm).

2 Materials and Methods

2.1 Manufacturing Method

The specimen preparation involves 3D printing technology. Different kinds of 3D
printing technologies are Stereo lithography [SLA], Fused Deposition Modeling
[FDM] [6], Selective Laser Sintering [SLS], three-Dimensional Printing [3DP], Elec-
tron BeamMelting [EBM]. These materials are easily available in market in the form
of filament. The 3D printing technology available [6] for filament type material is
Fused Deposition Modeling [FDM] is shown in Figs. 1 and 2.

2.2 Significance of Composite

Normal conventional parts are more weight, more abrasive, non-biodegradable [3]. It
doesn’t sustain more stress and forces. Manufacturing process is quite complicated.
Conventional parts are not so great in providing reinforcement in comparison with
polymer matrix composites. There are numerous reasons that conventional parts are
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Fig. 1. Fused deposition
method

Fig. 2 PLA and ABS
Specimens

influenced by heat and fall short in corrosion resistance. Conventional parts are high
end in terms of cost. Conventional parts are not so resilient enough like polymer
matrix composites. They also wear off easily and have less stiffness.

2.3 Methodology

Initially, collecting the required information about the problem analysis, then inves-
tigate for the appropriate system, then the fiber is extracted from the natural source,
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Fig. 3 Experimental
procedure

then the suitable reinforcement materials should be selected and check for its prop-
erties after preparing the specimen, analyze its mechanical properties and hence plot
the results (Fig. 3).

2.4 Matrix Materials

For experimental purpose, Acrylonitrile Butadiene Styrene [ABS] and Poly Lactic
Acid [PLA] are selected as matrix material. ABS is an opaque thermoplastic polymer
material made from monomers Acrylonitrile Butadiene Styrene. They have high
strength, durability, and also cheap [7] and easily available in the market. ABS has
a glass transition temperature (solid-state to rubber state) is (TG = 110 °C) [7].
PLA is stronger than ABS. PLA is more brittle in nature. PLA reduces the effect of
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warping by having a low co-efficient of thermal expansion. PLA does not have health
affects even though printed in non-ventilated area [8]. PLA have a glass transition
temperature (solid-state to rubber state) is (TG = 60 °C).

3 Results and Discussions

3.1 Flexural Test

Flexural test of polymer material gives fatigue load carrying capacity and flexural
modulus [2]. Flexural load-carrying capacity at outermost surface of the specimen
gives either the tension or compression side and the specimens are shown in Fig. 2.
The ASTM standard Fig. 4 for flexural test specimen is D790 [9]. The total no of
work piece for flexural test is 4 including the base material and the test is processed
Fig. 5 and the reading is plotted. The graph represents the flexural test on PLA and
ABSmaterial. The flexural test on the PLAmaterial shows the flexural strength rises
till particular load at a certain load the PLA test specimen broke into two pieces while
the flexural test on the ABS material withstand load but it does not break into two
pieces.

Flexural strength of ABS matrix composites without fiber is shown in Fig. 6.
This figure shows the flexural strength of 0° printing orientation. Deflection of the
specimen gradually increases with increase in applied load up-to 2 kg, negligible
amount of deflection is recorded. The applied load is directly proportional to the
defection of the specimen up-to 3 kg. The failure of the specimen is recorded at

Fig. 4 Flexural test
specimen [ASTM]

Fig. 5 Flexural test machine
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Fig. 6 ABS without fiber

4 kg with three-point bending. Flexural strength of 0° printing orientation specimen
reaches a maximum deflection of 25 mm.

Transverse 3-point bending results of ABS with 0° printing orientation shown
in Fig. 7. The figure shows the deflection varies with respect to the applied load.
Deflection of the specimen gradually increases with increases in the applied load.
The maximum bending deflection of the specimen is recorded at 3.9 kg with a
deflection of 19 mm before yielding.

Flexural strength of PLA matrix composites without fiber is shown in Fig. 8.
This figure shows the flexural strength of 0° printing orientation. Deflection of the

Fig. 7 ABS with fiber

Fig. 8 PLA without fiber
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Fig. 9 PLA with fiber

specimen gradually increases with increase in applied load up-to 9 kg, negligible
amount of deflection is recorded. The failure of the specimen is recorded at 9 kg with
three-point bending. Flexural strength of 0° printing orientation specimen reaches a
maximum deflection of 5.9 mm.

Transverse three-point bending results of PLA with 0° printing orientation shown
in Fig. 9. The figure shows the deflection varies with respect to the applied load.
Deflection of the specimen gradually increases with increases in the applied load
up-to 4 kg. The deflection of the specimen increases with increases in the applied
load. The maximum bending deflection of the specimen is recorded at 9 kg with a
deflection of 10.3 mm before yielding.

3.2 Tensile Test

The most common purpose of the tensile test is check the tensile strength [2] of
the specimen using universal tensile test machine Fig. 11. Tensile strength [5] is
the material’s ability to withstand a pulling force. It is defined in the unit of force
per cross-sectional area. The ASTM standard for tensile test specimen is D638 [10]
Fig. 10.

Figure 11 shows the schematic view of the tensile test apparatus which gives direct
relation between applied load and deflection of the specimen with equal interval.
Elongation plot has been generated by the output device. Applied load in Y axis and
the corresponding deformation plotted in X axis.

Tensile strength of ABS matrix composites without fiber is shown in Fig. 12.
This figure shows the tensile strength of 0° printing orientation. Elongation of the

Fig. 10 Tensile test
specimen [ASTM]
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Fig. 11 Tensile test machine

Fig. 12 ABS without fiber

specimen is directly proportional to the applied load up-to 0.2 kN. Elongation of
the specimen gradually increases with the increases in the applied load. It reaches a
maximum elongation of 11 mm at a weight of 1.4 kN at rupture.

Longitudinal tensile strength results of ABS with 0° printing orientation shown
in Fig. 13. The figure shows the elongation varies with respect to the applied load.
The elongation of the specimen increases gradually with increases in applied load.
It reaches a maximum elongation of 20 mm at a load of 1.4 kN.

Tensile strength of PLA matrix composites without fiber is shown in Fig. 14.
This figure shows the tensile strength of 0° printing orientation. Elongation of the
specimen is directly proportional to the applied load up-to 2 kg. Elongation of the
specimen gradually increases with the increases in the applied load. It reaches a
maximum elongation of 6 mm at a weight of 3.9 kg at rupture.

Longitudinal tensile strength results of PLA with 0° printing orientation shown
in Fig. 15. The figure shows the elongation varies with respect to the applied load.
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Fig. 13 ABS with fiber

Fig. 14 PLA without fiber

Fig. 15 PLA with fiber

The elongation of the specimen increases gradually with increases in applied load.
It reaches a maximum elongation of 6.5 mm at a load of 2.4 kN.

3.3 Hardness Test

Indentation hardness tests are used in mechanical engineering to determine the hard-
ness of a material to deformation. Several such tests exist, wherein the examined
material is indented until an impression is formed; these tests can be performed on
macroscopic or microscopic scale with the Rockwell hardness tester as shown in
Fig. 16. The application of hardness testing enables you to evaluate a material’s
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Fig. 16 Rockwell testing
machine

properties, such as strength, ductility, and wear resistance whether that material is
suitable for that high payloads. For Rockwell test, two pieces are made one with fiber
and one without fiber. The test results are processed and it has been figured out that
ABS & PLA material with fiber explaining for results [11].

Hardness result shows that the addition of fiber into the matrix material ultimately
improves the hardness of composite specimens [12].Comparatively,ABSgives better
indentation resistance. In Fig. 17 shows 25% of improved hardness in ABS and PLA
gives 26% improved hardness.

4 Conclusions

The test results of Gangura roselle fiber reinforced polymer matrix composite spec-
imens were good as compared with base material and other conventional polymers.
The polymer matrix composites with Gangura roselle fiber can be a better replace-
ment for the application of conventional parts in automobile field and fit for many
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Fig. 17 Rockwell hardness of ABS and PLA

sectors too. The test results also adding evidence that the Gangura roselle fiber rein-
forced with ABS and PLA exhibits maximum flexural and tensile strength with
improved hardness value. The experimentation clearly defines that the strength of
the composite mainly depends on fiber volume fraction.
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An Investigation on Wear Process
Parameter of Metal Matrix Composite
Using Optimization Technique

S. Vignesh Kumar and N. V. Dhandapani

Abstract Aluminium-reinforcedwith SiC compositionwas produced by stir casting
method, and their wear resistance and friction coefficient are investigated on different
load conditions and different reinforcement percentages. Pin-on-disc wear test appa-
ratus is used to study the dry sliding wear properties of single-reinforced composites,
and the same was investigated at a constant sliding velocity of 1.05 m/s and sliding
distance of 1774 m over different loads of 10, 20 and 30 N for particle weight
percentage ranges from 10, 15 and 20%. The reinforcement addition up to a 20%
weight reduces the wear rate. As a result, the wear rate of the specimens decreases
with the increasing sliding distance, and thewear rate of the specimens increaseswith
increase in load. Vickers hardness is used to measure the hardness of the specimen
at room temperature. By increasing in percentage of reinforcements, the hardness of
the composite test specimens increases. The uniform distribution of reinforcement
in matrix is assessed using scanning electron microscope image. A plan of exper-
iment done through RSM technique is used to conduct experiments based on L15

orthogonal array. The optimum wear under the influence of applied load, time and
reinforcement percentage was identified by ANOVA and the regression equations.

Keywords Aluminium alloy · Stir casting · Response surface methodology ·
ANOVA

1 Introduction

For the past few decades, conventionalmaterial such as cast iron has played important
role in automotive components. Grey cast iron, for instance, is used to produce
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automotive drum and disc brake, motor cylinders and pistons because of its low
cost, good rigidity, good wear resistance, compressive strength, etc. However, grey
cast iron is not a light material. The high density material will increase the fuel
consumption in vehicle. Themarket price of the petrol is increasing continuously day
to day. This study is based on the need to find an alternative material for automobile
application.The alternativematerial shouldnot onlybe lightweight but alsomust have
properties—high strength, hardness, toughness and wear resistance. The superior
properties aluminium-based MMCs make these materials attractive for automotive
applications. Al–MMCs specimens with various particle sizes andweight percentage
ofSiC (10–15µm)were tested tofind themechanical properties, tribological property
and its characterization. By controlling the processing factors as well as the relative
amount of the reinforcement material, it is possible to obtain a composite which
satisfies the need [1].

2 Experimental Procedure

The production cost in preparing MMCs is high, so it is proposed to select alternate
techniques which offer lower cost of production [2, 3]. Stir casting method is used
in this study because its reinforcement distribution is uniform that leads to good
mechanical and tribological properties and low production cost compared to other
techniques as shown in Fig. 1b [4–8]. Pin-on-disc type wear tester as shown in Fig. 1a
is used to check the dry sliding wear tests for different factors like load, sliding time
and reinforcement percentage as shown in Table 1.

Fig. 1 a Stir casting setup. b Wear tester
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Table 1 Process parameters and levels

Level Load (N) Time (min) Reinforcement (%)

−1 10 5 10

0 20 10 15

+ 1 30 15 20

2.1 Optimization (Response Surface Methodology)

The experiments were conducted based on the standard orthogonal array [9–11]. In
this article, an L15 orthogonal array was chosen, which has 15 rows corresponding to
the number of tests and 03 columns at three levels and three factors, as shown in Table
2. This paper is focused only on response surface method approach by applying L15

orthogonal array from the obtainedmechanical and tribological result. This approach
is capable of determining significant factors which affect the properties of Al-MMC
and determine the optimum conditions [9, 10, 12]. The objective of this present
study is to optimize the minimum wear rate on Al 6061 metal matrix composite
which depends on the process factors such as sliding time, load and percentage of
the reinforcements using response surface method. The selected factor parameters
for wear processing are (a) load, (b) sliding time and (c) reinforcement percentage of
SiC. As the speed is set as constant, it is neglected for process factor. The experiments
were conducted based on orthogonal array with level of parameters given in each
row (Table 3).

Table 2 L15 orthogonal array

Standard order Run order Load (N) Time (min) Reinforcement (%)

15 1 0 0 0

6 2 1 0 −1

3 3 −1 1 0

14 4 0 0 0

9 5 0 −1 −1

4 6 1 1 0

12 7 0 1 1

5 8 −1 0 −1

1 9 −1 −1 0

13 10 0 0 0

8 11 1 0 1

10 12 0 1 −1

11 13 0 −1 1

7 14 −1 0 1

2 15 1 −1 0
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Table 3 Experimental data

Standard order Run order Load (N) Time (min) Reinforcement (%) Wear rate (µm)

15 1 20 10 15 199.8

6 2 30 10 10 385.0

3 3 10 15 15 161.1

14 4 20 10 15 199.8

9 5 20 5 10 247

4 6 30 15 15 298.3

12 7 20 15 20 186.6

5 8 10 10 10 230.2

1 9 10 5 15 158

13 10 20 10 15 199.8

8 11 30 10 20 240.2

10 12 20 15 10 289.5

11 13 20 5 20 159.8

7 14 10 10 20 123.1

2 15 30 5 15 278.6

3 Result and Discussion

3.1 Contour Plot of Wear Rate (Akima’s Polynomial Method)

With respect to the plan of experiment, the investigated results and calculated values
were obtained, andMINITAB® 16 a commercial software for DOE is used to analyse
the results. The influence of dominant factors such as load, sliding time and rein-
forcement percentage was analysed based on contour. In the listed factor, percentage
of reinforcement is primary dominating factor on the wear rate followed by load.
The influence of conquered process parameters on wear rate is shown graphically in
Figs. 2, 3 and 4

Figure 2 clearly shows that increase in percentage of reinforcement leads to less
wear rate, where the reinforcement strengthens thematerial and increase in load tends
to gradual increase of wear rate which is suitable for the application. The application
like clutch plate requires high friction but less wear rate, so this composition will
meet the demand of such application [10, 13–15]. Figure 3 states that increase in
sliding time causes increase in wear, but after some duration of continuous operation
(increased time), wear rate gets reduced, in which material gets naturally wear up to
some extent and fitted for the application. Figure 4 satisfies the basic science concept
that at 15 N of load wear rate lies in the range of 150–200 µm, as the load increased
from 15 to 30 N, the wear rate also increases to the range of 300–350 µm, so the
optimum load and time are chosen based on the application.
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Fig. 2 Contour plot of load
(N) versus reinforcement
(wt%)
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Fig. 3 Contour plot of time
(min) versus reinforcement
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3.2 Surface Plot of Wear Rate (Akima’s Polynomial Method)

The influencing factors like load, sliding time and reinforcement percentage were
analysed based on surface plot. The above surface plot graph satisfies the basic
science concept. For strengthening the values in three-dimensional form, Figs. 5, 6
and 7 have been included. Among these parameters, percentage of reinforcement is
primary dominating factor on the wear rate followed by load.
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Fig. 4 Contour plot of load (N) versus time (min)
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Fig. 5 Surface plot of wear rate (micron) versus load (N) and reinforcement (wt%)

3.3 Residual Plots for Wear Rate

Normality of the Data
This graph shows the residuals on the vertical axis and the independent variable on
the horizontal axis. Linear regression model is appropriate for the data if the points in
a residual plot are randomly dispersed around the independent variable; otherwise,
a nonlinear model is more appropriate. Normality of the data was done by means
of normal probability plot. The normal probability plot of the residuals for specific
wear rate is shown in Fig. 8.
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Fig. 6 Surface plot of wear rate (micron) versus time (min) and reinforcement

Fig. 7 Surface plot of wear
rate (micron) versus time
(min) and load (N)
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Fig. 9 Residual plot of wear

Table 4 Optimum level process parameter for wear rate

S. No. Speed (rpm) Load (N) Time (Min) Percentage of
reinforcement (wt%)

Wear rate (µm)

1 400 20 15 20 186.6

Independency of the Data
Independency of the data was tested by plotting a graph between the residuals and the
observation order. The residual plot for specific wear rate is shown in Fig. 9, which
reveals that there was no predictable pattern observed because all the run residues
lay on or between the levels of −30 to 30.

Analysis of Variance
Based on the analysis of these experimental results, the optimum conditions resulting
in wear rate are shown in Table 4.

Table 5 shows the ANOVA result on the wear rate for SiC-reinforced composite.
This analysis is done for 5% significance that is up to a confidence level of 95%. The
linear regression model is shown in Eq. (1).

The regression equation is

Wear Rate(micron) = 234+ 6.62 Load(N)+ 2.30 Time(min)− 11.0Reinforcement (%)

(1)

R − Sq(adj) = 90.7%

4 Conclusion

• Aluminium alloy with SiC reinforcement was prepared by stir casting setup, and
required mechanical and tribological test was conducted.
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Table 5 Analysis of variance for wear rate (µm)

Source DF Seq SS Adj SS Adj MS F P

Regression 6 61,039.4 61,039.4 10,173.2 19.05 0.000

Linear 3 60,553.6 60,553.6 20,184.5 37.79 0.000

Load (N) 1 35,072.8 35,072.8 35,072.8 65.66 0.000

Time (min) 1 1060.3 1060.3 1060.3 1.99 0.197

Reinforcement (%) 1 24,420.5 24,420.5 24,420.5 45.72 0.000

Interaction 3 485.8 485.8 161.9 0.30 0.822

Load (N) * time(min) 1 68.9 68.9 68.9 0.13 0.729

Load (N) * reinforcement (%) 1 355.3 355.3 355.3 0.67 0.438

Time (min) * reinforcement (%) 1 61.6 61.6 61.6 0.12 0.743

Residual error 8 4273.2 4273.2 534.2

Lack-of-fit 6 4273.2 4273.2 712.2

Pure error 2 0.0 0.0 0.0

Total 14 65,312.6

• The obtained result is optimized using RSM technique of L15 orthogonal array.
• As per this experiment result, 20% of reinforcement at 20 N of load gives the

optimum result in wear which meets the need.
• The contour plot and surface plot show that increase in reinforcement and optimal

load has less wear rate over other combinations.
• The dominant parameter in this paper is the load followed by percentage of

reinforcement.
• The ANOVA test provides the optimal value which will be suitable for the

application.
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Experimental Investigation
on Tribological Behaviour of Alumina
Nano Particles Reinforced
with Aluminium Alloy Composite
Material

K. Ramachandra Raju , G. Senthilkumar, Y. Arivu, D. Sathya, A. Sathya,
and S. Sandeep

Abstract Aluminium alloy LM25 utilization is restricted in many requirements due
to less wear resistance and frictional force resistance. In this paper, to enhance its
properties for such applications, it is reinforced with nano Alumina (Al2O3). A series
of LM25 Aluminium alloy with 0, 1, 1.5, 2% weight of nano Al2O3 particle were
fabricated in liquid process technique using stir casting. The nanoparticles distributed
uniformly in the metal by means of enhanced wettability of particles with the matrix
LM25 Alloy as confirmed by doing Scanning Electron Microscopy. The tribological
behaviour of LM25 Aluminium alloy with nano Al2O3 was investigated by pin on
disc apparatus. The results show that nano Al2O3 particles addition with the LM25
alloy has improved thewear resistance of LM25Aluminium alloy significantly. Also,
friction coefficient can be made as an optimum. A comparison of wear performance
and the friction of LM25 Aluminium alloy with metal matrix composite containing
1, 1.5 and 2% by weight was done. Increase in volume percentage of nano Alumina
particles reinforcement has reduced the wear and frictional force.

Keywords Stir casting · Al2O3 · LM25 al alloy · Volume fraction ·Wear rate ·
Frictional force

1 Introduction

Because of uniquemechanical characteristics and low density, Aluminium is selected
as the most important material for processing. Also coefficient of thermal expansion
is low and high damping capacity is high that makes it useful in aerospace as well
as mechanical fields [1]. Even though, its applications have been limited due to low
wear resistance and lesser friction coefficient.

K. Ramachandra Raju (B) · G. Senthilkumar · Y. Arivu · D. Sathya · A. Sathya · S. Sandeep
Department of Mechanical Engineering, Bannari Amman Institute of Technology,
Sathyamangalam, Erode, Tamil Nadu 638401, India
e-mail: rajukrc@gmail.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
G. Kumaresan et al. (eds.), Advances in Materials Research, Springer Proceedings
in Materials 5, https://doi.org/10.1007/978-981-15-8319-3_52

521

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8319-3_52&domain=pdf
http://orcid.org/0000-0002-1272-7878
mailto:rajukrc@gmail.com
https://doi.org/10.1007/978-981-15-8319-3_52


522 K. Ramachandra Raju et al.

Different authors found that matrix dominated mechanical properties of material
composites are improved by reinforcement of ceramic particles [2], for example,
mica, alumina trihydrate, SiO2, CaCO3, glass beads, clay or fly ash. The improve-
ments are increased hardness, strength, stiffness, heat distortion temperature, mold
shrinkage, and also additionally processing cost reduced. It depends on preparing
method and types [3], and on filler concentration [4, 5], shape, size [6, 7], and
packing attributes, particle contents [8] also interfacial bonding with the matrix [9].
Particle size plays a significant role in improving properties of the MMCs, when the
particle size is reduced from micro to nanoscale [10]. Nano Alumina are the ceramic
particulate reinforcements have the ability to increase wear resistance and frictional
resistance. Good fluidity, high strength and stiffness, hard and wear-resistant are the
attractive properties of nano alumina particles [11].

In this work, nano Al2O3 particles reinforced with LM25 By using Stir casting
method aluminum alloy was fabricated. Friction and properties of wear are consid-
ered as the critical properties during the selection and application of material [12,
13]. Wear resistance and frictional force resistance was determined by using Pin
on disc apparatus. Microscopic visualization was found by using Scanning Elec-
tronMicroscopy. Cylindrical pins are used for wear test, having diameter 10 mm and
height 30 mm. The steel disk is used against which the cylindrical pin slides [14, 15].

2 Material and Methods

2.1 Materials and Stir Casting

In this work, we implemented two types of material i.e., matrix material and rein-
forcement material. LM25 aluminum alloy composition (% of weight) as shown in
Table 1 is preferred for matrix material and nano alumina (Al2O3) particles supplied
by Alfa Aesar, United Kingdom are 40 nm for reinforcement material. The material
was casted by using stir casting method.

The following four specimens were prepared

1. Pure LM25 Aluminium alloy
2. LM25 Aluminium alloy with 1% nano alumina (Al2O3).
3. LM25 Aluminium alloy with 1.5% nano alumina (Al2O3).
4. LM25 Aluminium alloy with 2% nano alumina (Al2O3).

Initially, LM25 Al alloy was charged into furnace and heated to approximately
800 °C above the Al alloy liquid temperature. At that point, the mixer was brought

Table 1 Composition of aluminium alloy LM25%Wt

Cu Si Mg Fe Mn Ni Zn Pb Sn Ti Al

0.2 7.5 0.06 0.5 0.3 0.1 0.1 0.1 0.05 0.2 Balance
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Fig. 1 Stir casted solidified
sample

into the dissolve gradually down to stir the liquid metal. The particles of the Nano
Al2O3 were preheated before mixing with the melting of the Al alloy. Once particle
feeding is completed, a further 10 min of mixing was done. At that point, the liquid
mixturewas poured in the pre-heated form situated beneath the heater. The heater had
a bottom tapping clause, which allowed heating and stirring to continue even during
melt tapping. Cast samples made as shown in Fig. 1 have a diameter of 100 mm and
a height of 200 mm.

2.2 Testing

Specimens were prepared by grinding with 220, 320, 600, 800, 1000 and 1200 grit
papers respectively for metallographic observation. The polishing was completed on
cloth using 3 and 1 µm diamond powder. Such experiments have been used to study
the dispersion of the matrix reinforcement particles by scanning electron microscopy
(SEM).

The microhardness test specimens were prepared as per ASTM E92 standard.
The fabricated composites were machined to the diameter of 20 mm and length as
20 mm. The micro-vickers hardness values of the samples were measured on the
polished samples using diamond cone indenter with a load of 100 g and 15 s as a
holding time. For harness results, test was repeated three times to obtain a precise
average value.

Wear has been defined as the displacement of material caused by hard particles
or hard protuberances where these hard particles are forced against and moving
along a solid surface. Two body sliding wear tests were carried out on prepared
coated specimens. Computerized pin-on-disc wear test machine (Make: DUCOM,
Bangalore) was used for these tests. The tangential friction force and wear in microns
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Fig. 2 Pin-on-disc wear
testing machine

were monitored with the help of electronic sensors and data acquisition software
WINDUCOM 2010. Wear test machine as shown in Fig. 2 was used for these tests.

A cylindrical pin of size 10 mm diameter and 30 mm length as shown in Fig. 3
are prepared from composite casting were loaded through a vertical specimen holder
against horizontal rotating disc. Before testing, the flat surface of the specimens
was abraded by using 2000 grit paper. The rotating disc was made of carbon steel
of diameter 50 mm and hardness of 64 HRC. Wear tests were carried out at room
temperature without lubrication for 2 min at a constant sliding velocity. Wear test

Fig. 3 Wear test specimens



Experimental Investigation on Tribological Behaviour … 525

parameters are disc speed 200RPM, Sliding distance 500 m and Load 10 N. Wear
tests were carried out at room temperature without lubrication as per ASTM G99
standards. The principal objective of investigation was to study the wear rate and
frictional force.

3 Result and Discussion

3.1 Micro Structural Visualization

The properties of the MMC s depend not only on the particle-matrix and the fraction
of the volumebut also on the distribution of strengthening particles and the bonding of
the interface between the particle and thematrix. In reality, obtaining a homogeneous
distribution is difficult. The process parameters above should therefore be optimized.

The aluminum matrix being very soft, the samples for microscopy are grinding
and polishing resulting in the removal of the matrix reinforcement particles as well
as marks being left on the surface. The nanocomposite displays amore homogeneous
particle distribution and better wettability. The SEMmicrostructural visualization in
Fig. 4 indicates pure LM25 and Figs. 5, 6 and 7 LM25 with Alumina nanoparticles
of 1, 1.5 and 2% inferring uniform particle distribution.

Fig. 4 Pure LM25 Al alloy
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Fig. 5 LM25 Al alloy with
1% nano alumina

Fig. 6 LM25 Al alloy with
1.5% nano alumina

3.2 Micro Hardness Values

Hardness of the LM25 alloy and effect of reinforced alumina nanoparticles reinforce-
ments are inferred from theVickers hardness test results shown inFig. 8. The hardness
values of LM 25 are lesser compared to Alumina nanoparticles reinforcements.

The adding of alumina nano reinforcements enhanced the microhardness of
composites by virtue of nanoparticles binding the LM25 alloy matrix and improving
the hardness. The reinforcement’s % increase also had the effect on increase of
hardness.
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Fig. 7 LM25 Al alloy with
2% nano alumina

Fig. 8 Microhardness values of specimens LM25, 1, 1.5 and 2% of alumina

Increasing the % of reinforcements in the matrix leads to the increased hardness.
Hardness improvement also leads tomore effect on tribological behaviour and surface
characteristics.

3.3 Tribological Behaviour

The Tribological behaviours wear properties and friction forces of the LM25
Aluminium alloy reinforced with nano alumina specimens were investigated using
the graphs, obtained from Pin on disc apparatus as shown in Fig. 9. The composite
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Fig. 9 Comparison of wear behaviour of four specimens

material (LM25 Aluminium alloy + 2% of nano Al2O3 shows high resistance to
wear compared to other samples tested.

It is obvious from Fig. 10 that LM25 Aluminium alloy+ 2% nano Al2O3 has less
frictional force when compared to other samples and LM25 Aluminium alloy has
high frictional force when compared to other samples.

The reducedwear and low frictional force attainedby reinforcement of nanoAl2O3

reveals that the nanoparticles distribution in the LM25 matrix has good bonding of
particles of surface structure for smooth motion between bodies. Also, it is inferred
that higher the % of reinforcement, better the surface condition for tribological
behaviour. Table 2 shows the wear and frictional force for 155 s two-body wear
test. Wear and frictional force had the effect of increase of reinforcements of nano
Al2O3.

Fig. 10 Comparison of frictional force for different specimens
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Table 2 Wear and Frictional
force values of specimens

Sl. No. Specimens Wear (micro
meters)

Frictional force
(N)

1 Pure LM25 Al
alloy

185 7.5

2 LM25—nano
alumina 1%

120 7.0

3 LM25—nano
alumina 1.5%

93 3.8

4 LM25—nano
alumina 2%

80 4.2

4 Conclusion

The wear properties and friction behaviour of LM25 Aluminium alloy reinforced
with nano alumina specimens were investigated by Pin on disc apparatus. The wear
level of nano-composite aluminumalloymaterial decreasedwith the increase in nano-
aluminum added in aluminum alloy LM25. The frictional strength of aluminum alloy
material strengthened by nanocomposite decreased as the addition of nano aluminum
in alloy LM25 increased. LM25 Aluminium alloy with 2% Al2O3 has low wear rate
80µmand frictional force of 4.2 N. Hence, it is obvious that wear rate gets decreased
with the addition of Al2O3 and friction coefficient can be made as an optimum one
by the addition of nano Al2O3 particles.
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Comprehensive Study of Hydrogenated
Diamond-Like Carbon Coated AISI 5140
Alloy Steel

R. Sivakumar, P. Senthilkumar, M. Sreenivasan, and Ram Krishna

Abstract The tribological characteristics of a-C:H coating in varying thickness of
H-DLC/AISI 5140 steel tribological contact in pin-on-disc tribometer test under dry
sliding with diesel fuels used in this work. The influences of load, sliding distance,
and sliding velocity on the coated and uncoated counter body friction and wear
was investigated with a constant relative humidity of 25% was maintained. The
conclusion showed that the a-C:H coating on the substrate offered higher tribological
properties than the alternate coating material. The wear and friction coefficient of all
substrates and H-DLC coated AISI 5140 steel substrate samples were analyzed then
compared. The SEM and AFM instruments are used to study the surface topography
and structural properties.

Keywords Friction · Wear · Hydrogenated diamond-like carbon · Pin-on-disc
tribometer · Physical vapour deposition

1 Introduction

In internal combustion engines (ICEs), around 40% of power losses due to exhaust
heat temperature, cooling the high-temperature components, and frictional losses in
the automotive systems at high temperatures and peak load. Among 6–7% of the
energy losses are due to friction and wear between valve train components. The
flow efficiency and the working of the engine mainly rely on the valve system of
the engine [1, 2]. For instance, the wear and resistance loss is significantly higher in
valves distinguished to other drive components at high temperaturemainly in exhaust
valve. The increase in frictional and thermal losses through valve train components
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can cause regional reduction in the efficiency of ICEs [3]. But diesel engine valves
crafted from stainless steel are insufficient to meet the operating circumstances,
such as high working temperature strength, friction and wear, corrosion and erosion
[1]. Evidently, this sharpens the requirements for decreasing the wear and tear and
friction, to stay the emissions low through the span of the engine, and presents a
great challenge.

Over the decades, various industrialists and researchers are have become involved
regarding enhancing the friction and wear characteristics for promising surface
coating applications. Awear study reports that reduction in wear/frictionwill consid-
erably cut back economic prices in regard to environmental advantages and conjointly
improved the service lifetime of the parts [4]. Therefore various surface coatings
such as Polytetrafluoroethylene (PTFE) and titanium nitrides for improving lubricity
and wear resistance, however, it shows the poor performance [5]. Heat treatment of
the ceramic coating results in a crack that shows in poor performance of the parts.
Although WC and TiN coatings are noted for their superior hardness in lubricated
condition, it offers the frictional coefficient between 0.4 and 0.8 which is compara-
tively higher in many cases. There are numerous tribology systems that can report
a high wear resistance, low friction and superior tribological properties. The use of
surface engineering is most generally used route so as to tailor surface structure and
other properties of substrate material without changing bulk properties of the mate-
rials. The general techniques used for deposition of coating as, chemical vapor depo-
sition/physical vapor deposition (CVD/PVD), radio frequency magnetron sputtering
(RFMS) and ion beam deposition. Presently, research work have been concentrated
on amorphous carbon [6, 7], carbon nanotubes (CNTs) [8], graphite-like carbon [9]
so as to fabricate coatings with superior wear performance and improved durability
of the engine parts. Amorphous carbon has superior friction and adhesion resistance
with promising function in metal process [10]. The difficult tasks with amorphous
coating have poor adhesion and as lead to fast wear by induced stress on extremely
fine surfaces [11, 12]. It is even expressed that oxide (SiO2) layer coating or Si doping
can notably increase the DLC film adhesion properties. Hence, for the better adhe-
siveness among substrate and a-C:H coating with Si layer are incorporated during
this study [13]. Even though many methods are used for examining mechanical and
physical performance of CNTs/a-C:H coatings but still no customary technique is
accessible for scheming tribological properties of coated materials.. To test tribo-
logical characteristics of CNTs/DLC, pin on disc (POD) apparatus are used with
ambient pressure with appropriate relative humidity and temperature. The impor-
tant parameters such as load, sliding velocity (SV) and sliding distance (SD) which
affected the wear properties are studied. Recently most automotive parts are have
been coated with DLC coatings, to increase tribological characteristics. Hence the
wear and frictional loss have to be reduced considerably improving the durability of
the components and engine performance [14].

In the present study, AISI 5140 low carbon steel used as substrates and H-
DLC coating was deposited by the process of physical vapour deposition (PVD).
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Table 1 Chemical composition of AISI 5140 steel (wt%)

C Si Mn P S Ni Cr Mo Cu Ti Co Al

0.42 0.24 0.71 0.013 0.013 0.058 0.95 0.007 0.016 0.001 0.001 0.023

Tribological characteristics of the coatings were examined by pin-on-disc appa-
ratus; the surface morphology and topography are examined using scanning electron
microscope (SEM) and atomic force microscopy (AFM) respectively.

2 Materials and Methods

2.1 Sample Preparation

Here for the analysis, AISI 5140 low carbon alloy steel were chosen as a substrate
for Kirloskar single-cylinder ICEs exhaust valve and their chemical structures
are obtained using Optical Emission Spectrophotometer (OES) and the weight
percentage is presented in Table 1.

2.2 Deposition of Coating

The deposition of a-C:H coating on substrate by sputtering process is shown in
Figure 1a. The deposition process is fully automated and process computer is used

Fig. 1 a Schematic representation of sputtering process (Courtesy Oerlikon Balzers India Ltd.,
Bangalore, India). b Photographic view of exhaust valves
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Table 2 Process parameters of sputtering process

Parameter Coating Substrate
temperature (°C)

Nitrogen
pressure (Pa)

Accelerating
voltage (V)

Coating period
(Min)

Set value a-C:H <250 1.5 110 120

to control the entire deposition system and begins with the substrates were cleaned
ultrasonically for 6 min in acetone followed by 6 min of in ethanol and dried with
a compressed filtered airflow. The sputtering process parameters are shown in Table
2 and Figure 1b Shows the photographic views of H-DLC coated exhausted valves.
The structure and essential feature of the H- DLC coatings were measured by SEM
and AFM instruments.

2.3 Characterizations

By using SEM with EDS (Zeiss Evo 18), characterization of coated and uncoated
surfaces ofAISI 5140 steelwas done. Figure 2a displays the homogeneity and surface
structure of the substrate and Fig. 2b displays the structure of the H-DLC coated
substrates, which displays melted carbon globules, discharged from the cathode at
high sliding velocity deposited on the substrate surface, and present as white and
droplets spots [15]. Figure 3a, b displays the AFM images of 2D and 3D topography
of H-DLC coated steel surface and the vertical deviation shows the surface roughness
around 0.33µm and grain size of 20–30 nm influenced by the substrate heat and bias
[16].

Fig. 2 SEM image of a uncoated AISI 5140. b H-DLC coated AISI 5140
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Fig. 3 AFM image of H-DLC coated AISI 5140 steel a 2D. b 3D topography

2.4 Pin-On-Disc Test

The objective of wear test (Model: ASTM99, DucomTR 20) is to find and decide the
kind of coating superior for the diesel engine valves that desire less wear, friction and
more service life. The performance test is conducted with various thickness of a-C:H
coated exhaust valve such as 2, 3, 4, 5, and 6µmto optimize themost effective coating
thickness compared with base engine. Among the five different thickness of coating,
4 µm thickness valve is selected based on the engine performance characteristics
at peak loads [17]. In the wear test all the samples were cleaned by ethanol then
dried and the test was conducted at the laboratory temperature of 250 °C, the pin
is fastened at right angles to the disc surface and also the disc revolves counter the
pin with the size of 30 mm × 8 mm in diameter is employed for this study in a dry
sliding condition, under a load of 10–30 N, sliding velocity(SV) of 0.5–1.5 m/s and
the sliding distance (SD) of 300–900 m. The friction coefficient and were loss were
measured by using a load cell and electronic weighing machine, with an accuracy of
±0.0001 gm. The wear loss values have been changed to a specific wear rate (SWR)
by using Eq. (1) and also the worn surface structure and wear properties are studied
using SEM.

specificwear rate = wearmass loss

(Applied load ∗ Sliding distance)
(gm/Nm) (1)
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Fig. 4 Load versus. a Specific wear rate. b Friction coefficient

3 Results and Discussions

3.1 Effect of Load on Friction Coefficient (M) and Specific
Wear Rate (SWR)

Figure 4a, b shows effect of load on the SWR and µ of the coated and uncoated
substrates. The SWR of the coating decreases with increasing the load, however
remains minimal compared to the substrates at all levels. The depth of penetration
of the pin will increase in high loads meanwhile metallic element transfer between
the contact surfaces, a higher degree of surface softening ends up in the smoothening
of the contact surfaces, and ends up in the formation of tiny patches. This implied
that the friction and wear rate of the uncoated steel increases, whereas for H-DLC it
decreases at all levels [18].

3.2 Effect of Sliding Velocity on Friction Coefficient (M)
and Wear Rate

Figure 5a, b shows, increase in SV, the µ and SWR also increased for the substrate
due to friction, themicro-thermal softening take place which lessen the bond strength
whereas, the a:c:H coating shows decrease in µ and SWR due to its high hardness.
Therefore, were observed that increase in the sliding velocity decreases the frictional
effect between the coated contact surfaces compared to the uncoated surfaces in dry
conditions.
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Fig. 5 Sliding speed versus a Friction coefficient. b Specific wear rate

3.3 Effect of Sliding Distance on Friction Coefficient (M)
and Wear Rate

Figure 6a displays the effect of the sliding distance on the specific wear rate and also
observed that specific wear rate is decreased as the growth of a transfer film on the
counter layer that is generated because of physical variation in sliding. Among these
basic impacts, the re-crystallization of the surfacewill in general be dominating at the
contact interface during sliding. The re-crystalized layers keep an eye on re-arrange
consequently bringing the basal planes parallel to the top surface of the coating with
an enormous decrease in the wear rate [19]. Hence, increment in the sliding distance
builds thewear domain, which prompts substantial distortion and temperature ascend
in substrate while less in H-DLC coating onAISI 5140 steel because of high hardness
and self-lubricating properties. The steady ascent in temperature makes milder the
material and tears the surface, anyway at higher sliding distance the tribo layer is
shaped, and this immerses the particular wear rate. The µ of coated AISI 5140 steel
noticed diminishes pattern inside the scope of 0.15–0.13 because of the improvement
of graphite-like lubricious tribolayer contrasted with substrates. As an increasing

Fig. 6 Shows impact of sliding distance on a friction coefficient. b Specific wear rate
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trend in load, the graphitized tribo layers are self-adjusted and the rubbing was
decreased by means of active passivation [20].

3.4 Surface Analysis

Figure 7a, b shows the a-C:H coated substrates were not much affected compared
to uncoated substrate. The coating gives better protection from plastic deformation,
adhesive wear and ploughing in this manner no material misfortune happens though
uncoated steel pin produces extraordinary surface imperfections and over the top
wear. The outcome demonstrated that the H-DLC has diminished wear rate [21].
Figure 7a show the SEM appearance of the uncoated valve wear track and surface
imperfections are studied in this investigation. The metallic surface is additionally
stripped off because of the sliding force on the pin. Figure 7b showed that surface
has not experienced any extreme harm and coated surface has better wear resistance.
Figure 8a demonstrates the structure analysis of the uncoated steel, demonstrating
appearance of abrasion pitting and debris in correlation with the coated substrate
appeared in Fig. 8b. This is because of heat delivered in the contact region and
coated surface is significantly prone to plastic deformation [22].

Figure 9 and 10 indicates that at 30 N load debris and grooves are occurred for
substrates whereas no measurable wear is observed in the a-C:H coated AISI 5140
steel surface But in some case the inner CrN layer is exposed due to excess heat and
the result showed the presence of foreign elements like Al, F, Na, Si, Ca. The DLC
and Fe particles transfer inhibits the contact between the sliding surfaces; Hence, the
a-C:H coating wear resistance had been improved [23].

Fig. 7 SEM images of 10 N load, 1.5 m/s SV and 900 m SD of a substrate. b a-C:H
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Fig. 8 SEM images of 20 N load 1.5 m/s SV and 900 m SD. a Substrates. b a-C:H

Fig. 9 SEM images of a substrate. b a-C:H under 30 N loads, SV of 1.5 m/s and 900 m SD

Fig. 10 EDS of a substrate. b a-C:H
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4 Conclusions

The experimental work shows that friction coefficient and wear of the a-C:H film
decreased significantly for increasing load and speed compared with uncoated mate-
rials, and also increased service life of the engine parts are noticed. The a-C:H coated
sample wear rate and friction coefficients are decreased by three times and more than
5 times (SWR of 6.50 × 10–8 gm/Nm for DLC vs. 4.5 × 10− 5 gm/Nm for substrate)
compared with substrates. From the surface investigation, no quantifiable wear was
found in a-C:H coating yet tiny patches were initiated. Finally, H-DLC could be used
for larger area such asmedical, cutting tools, aerospace, automotive components, etc.
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Review on Thermal Energy Storage
with Phase Change Materials and Its
Applications

Athimoolam Sundaramahalingam, S. Jegadheeswaran,
Muthusamy Ponmurugan, and C. Sasikumar

Abstract Thermal energy storage using phase change materials (PCMs) is been
of interest among the researchers for the past few decades because of its desirable
properties like high storage density, isothermal heat transfer, chemical stability, etc.
Although number of works have been done quantitatively, still the implementation of
PCM incorporated latent heat thermal energy storage systems (LHTESS) in real-time
applications is been limited because of its undesirable characteristics such as poor
thermal conductivity, phase segregation, etc. This drives the scientific community to
analyze the usage of thermal conductivity enhancers like fins, metal structures, metal
balls, porous medium, nanomaterials, etc. with PCMs. This paper provides detailed
information on thermal energy storage using phase change materials, heat transfer
enhancement techniques and its applications.

Keywords Phase change material (PCM) · Thermal energy storage · Latent heat

1 Introduction

The steady rise in fuel prices and decrease in fossil fuel reserves drives the researchers
to take efforts on usage of renewable energy sources effectively. The role of solar
energy is vital among all the renewable energy sources because of its plentiful avail-
ability in nature. But today’s technologists find it challenging to store solar energy and
to convert it into useful form. Solar thermal energy storage in the form of latent heat
has attracted the researchers because of its high storage capacity, constant temper-
ature heat transfer and good chemical stability [1]. In spite of these advantages, it
has practical difficulties for implementation like low thermal conductivity, phase
segregation and subcooling of PCMs.
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2 Phase Change Materials

Phase change Materials (PCMs)/Latent heat storage materials absorb and release
heat by changing its phase so that the thermal energy is retained and released. They
could store 5–14 times more energy than sensible heat storage materials of same
volume. Even though PCMs are used for wide temperature ranges, these materials
must have other suitable thermodynamic, kinetic and chemical properties for their
use as latent heat storage materials. In fact, economic conditions and the ease of
availability of these resources must also be taken into account [2].

2.1 Properties of PCMs

A good PCM should possess the following thermal, physical, kinetic, chemical and
economical requirements [2, 3].

Thermal Properties

1. appropriate melting point
2. good phase change thermal energy storage
3. high thermal conductivity.

Physical Properties

1. high-density
2. little changes in volume during phase change
3. less vapour pressure.

Kinetic Properties

1. little or no sub-cooling during freezing
2. good crystallization properties
3. isothermal melting and solidification
4. phase segregation.

Chemical Properties

1. long-term chemical stability
2. capable of a reversible freezing/melting process
3. no degradation upon thermal cycles
4. corrosive resistance.
5. untoxic
6. no risk of fire

Economical Requirements

1. low price
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2. recyclable
3. abundant in nature.

2.2 Classification

According to the change of state, PCMs are broadly classified as solid–solid, solid–
liquid, liquid–gas or solid–gas as shown in Fig. 1.

Even though we have many kinds of PCMs, the interest on solid–liquid PCMs
is increasing among the researchers due to their high latent heat of fusion and very
less changes in volume during melting and solidification. Each PCM group has its
own properties, forces and constraints. Table 1 displays the detailed comparison of
various PCM classes. And it has been observed that Paraffin and salt hydrates are
potential candidate as PCM comparing to the others [4].

Organic Solid–Liquid PCMs
Organic solid–liquid PCMs are further classified as paraffin and non-paraffin (fatty
acid, alcohol and glycol). They are congruent, safe and have stable phase change
temperatures and good nucleation characteristics.

Paraffin. Paraffin primarily consists of straight chain n-alkanes with a molecular
formula of CnH2n+2. It has certain positive attributes like high latent heat of fusion,
no subcooling and phase segregation problems, congruent melting and it is suit-
able for wide range of temperatures. Although it has various gains, its undesirable

Fig. 1 Classification of phase change materials
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attributes (poor thermal conductivity,moderate energy storage capacity, flammability
and incompatiblewith plastic containers) lead to slowmelting and solidification rates.

Non-paraffin. The use of organic non-paraffin materials like esters, fatty acids, alco-
hols and glycol as PCM has also been done by various researchers. This is the
largest category of PCMs for thermal energy storage in which the fatty acids (CH3

(CH2)2n.COOH) are protected by the carboxyl group (COOH) at the end. This makes
them non-corrosive, non-toxic and chemically stable [5]. Moreover, the higher latent
heat of fatty makes them attractive than paraffins.

Inorganic Solid–Liquid PCMs
Inorganic PCMs can also be classified as salt hydrates, molten salts and metallics.
These materials possess improved enthalpy for phase changes than organics but the
most important drawbacks are oxidation, undercooling, isolation, lack of thermal
stability and separation of phases [5].

Salt Hydrates. Salt hydrates are considered as the combination of inorganic salts and
water which forms a crystalline solid with chemical formula AB.nH2O. Where A is
cation, B is anion and n represents number of water molecules. The hydrate crystals
break down at the melting point into anhydrous salt and water. One concern with
the salt hydrates is the insufficient amount of water released from crystallization
to dissolve all the salts which lead to incongruent melting. This problem could be
resolved by (i) addition of chemicalswhich increases the solubilitywithmore number
of water molecules (ii) by mechanical stirring (iii) by adding thickening agents (iv)
use of excess water.

Molten salts. Molten salts are inorganic salts with chemical formula XnYm and are
best suited for high-temperature applications. Where X is cation and Y is anion. The
enthalpy of molten salts is lower than salt hydrates and proper selection of high-
temperature materials is necessary to withstand the aggressive chemical behaviour
of molten salts.

Metallics.This inorganic PCM subgroup involves low fusionmetals andmetal eutec-
tics. These are fit for elevated temperatures when volume is not a consideration,
since it has high latent heat per unit volume. This category of PCMs possesses high
conductivity, low specific heat and low vapour pressure.

Eutectics
Eutectics are a mixture of two or more compounds; each melts and freezes during
crystallization creating a mixture of the component crystals. The variation may be
organic-organic, inorganic-inorganic and inorganic–organic. It possesses concurrent
melting and solidification behaviour and high energy storage density.
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3 Heat Transfer Enhancement

Fan andKhodadadi [6] classified the thermal conductivity enhancers into two classes:
fixed structures and free-form enhancers. The fixed structures possess high thermal
conductivities and are available in various forms like fins [7, 8], porous matrices [9],
rings [10] and balls [11].

Fins are being used in LHTESS to augment the heat transfer rate by increasing the
heat transfer area.Moreover, it is necessary to understandwhether or not the existence
of fins actually provides significant performance improvements [12]. Lacroix and
Benmadda [13] have investigated the mechanism of melting in a rectangular enclo-
sure containing horizontal fins protruding from vertical heated walls. This numerical
simulation showed the impact of the presence of fins and its length on melting rate.
Shatikian et al. [14] reported that the temperature of fin’s surface remains uniform
throughout its length for thick fins and in case of thin fins of same length, temperature
gradient is felt. In this view, thick fins are preferred than thin fins.

Incorporation of PCM in the voids of metal foam could also substantially improve
the conductivity of the PCM, with the cost of reduced heat storage capacity.
Aluminium foam [15], copper foam [16], nickel foam [17] and titanium dioxide foam
[18] are currently the most commonly reported materials. The other alternative is to
use high-conductivity materials that are free-moving. Researchers have long been
examining the increase in conductivity of fluids by suspending high-conductivity
nano/microparticles. Jegadheeswaran et al. [1] provides extensive information on the
effects of nanoparticles on PCM properties through an extensive review of previous
findings. Themodified thermo-physical properties of PCM enhance the charging and
discharging rates of LHTESS. Qu et al. [19] examined the effect of carbon nanoad-
ditives (carbon nanofibres and carbon nanotubes) with paraffin-HDPE phase change
material.

Though the metallic nanoparticles Cu [20], Al, Al2O3 [21], TiO2 [22], CuO,
ZnO, Y2O3 [22] have higher thermal conductivity, their chemical reaction tendency
renders them undesirable for certain conditions. On the other hand, non-metallic
particles are extremely stable and chemically inert, although they are of poor thermal
conductivity. It was recently suggested that the thermal properties of PCMs could
be improved by combining a small quantity of metallic nanoparticles with non-
metallic nanoparticles [23]. Even though nanoparticles have favourable features, its
cost makes them uneconomical which is 25 times more than micron-sized particles.
Jegadheeswaran et al. [24] investigated the use of micro size copper particles in
hydrated salts over a shell and tube LHTESS and found that microparticles are
superior than nanosized particles in solidification.

Apart from the thermal conductivity enhancers, the geometry of the PCM
container is also considered as an important factor since it directly influences melting
and solidification time.Dhaidan et al. usedCuOnanoparticles dispersedn-octadecane
as PCM inside an annular container [25] and square container [26] to examine the
effect of nanoparticle fraction on melting and recorded an increase in melting rate.
Instead of double pipe arrangement [27], shell and tube arrangement [22, 24] provides
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higher melting and solidification rate. Mahdi et al. [21] used triplex-tube arrange-
ment with 8 longitudinal copper fins and Al2O3 nanoparticles to study the melting
behaviour of RT82 PCM. Alizadeh et al. [28] employed similar triplex-tube arrange-
ment with V-shaped fins. Elbahjaoui and El Qarnia [29] investigated the thermal
performance of paraffin/Al2O3 latent heat storage unit using rectangular channel
arrangement.

4 Applications

4.1 Solar Water Heating Systems

Solar water heaters are considered as the handiest alternative for electric and gas
water heating systems. However, it requires a thermal storage system that is efficient
to store solar energy. This could be done in the formof latent heat by using appropriate
phase change materials. PCM installed water tank absorbs more amount of heat than
the conventional storage tanks. Another major benefit of this type of storage tank are
less fluctuations in temperature of stored water. Hasan et al. [30] examined the use
of fatty acids (myrtical acid, palmitic acid and stearic acid) as PCM in solar water
heater. Al-Kayiem et al. [31] has carried out a performance assessment of solar flat
plate collector using nano copper-paraffin composite at various inclinations. Deng
et al. [32] investigated the use of PCM in a mantle on domestic hot water tank to
study its thermal performance. Similarly, the thermal stratification of solar water tank
have been investigated by Huang et al. [33] using sodium acetate trihydrate as PCM.

4.2 Solar Air Heating Systems

PCM-based solar air heaters are also growing interest among the researchers due to
its desirable advantages over the conventional air heaters. Kabeel et al. [34] evaluated
the efficiency improvement of plate finned solar air heater using paraffin wax. And
the results showed that the PCM enhances the daily efficiency of the device by 10.8–
13.6%. An experimental and numerical study was done by Moradi et al. [35] to
optimize the flow rate of air, paraffin-PCM amount, PCM thermal conductivity and
the test results were well in accordance with the experimental findings.

4.3 Solar Cookers

Solar cooking is one of the solar energy’s key applications. But the use of solar
cookers is minimal since it could be used only during the sunshine hours. But the
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usage and efficiency of these cookers could be increased if the heat energy is stored
using PCMs.

4.4 Buildings

PCMs have been used for building applications for thermal energy storage since
before 1980. Since some of the PCMs are hazardous in nature, the selection of PCM
and fire-retardant additives are important for using it in buildings. These materials
have been deployed for use in cooling and heating applications on a variety of places,
including Trombe wall [36, 37], shutters [38, 39], wallboards [40, 41], under-floor
[42, 43] and roof and ceiling boards [44, 45].

4.5 Off-Peak Electricity Storage

Several attemptsweremade by researchers to develop PCMstorage systems for using
it during off-peak electricity. Off-peak electricity can be used to melt the PCMs to
store electrical energy as latent heat and it could be utilized by active systems when
needed. Thus it helps to reduce the peak load and can therefore reduce electricity
generation costs by holding demand almost constant.

4.6 Textiles

Reconfiguration of fabrics by the incorporation of PCMs is an intensively evolved
technology. PCM incorporated fabrics increase the thermal resistance, particu-
larly in transient conditions. These materials are found in various applications
like sportswear, snowboard gloves, ice climbing, hill climbing, footwear, cycling,
running, etc. PCM-containing textiles are known to be used as heat storing elements
in buildings for accumulation of hotness/coldness in the form of window blinds and
wallpapers, thus increasing thermal comfort in the room [46].

4.7 Photovoltaic (PV)-Thermal

Integration of PV panels and PCMs is quite popular now-a-days for the performance
improvement in PV cells [47]. Huang et al. [48] conducted experiments to restrict
the surface temperature increase of a PV panel using two PCMs (Rubitherm RT25 &
granular GT40). Rubitherm RT25 controlled the PV module’s surface temperature
substantially and increased the system’s electrical conversion efficiency in return. It
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has been also suggested about the use of granular GT40 to regulate the PV module’s
surface temperature, but it is not as effective as RT25.

4.8 Microelectronics

The use of chalcogenide-based PCMs in non-volatile memory devices that can hold
stored data even without electrical power, typically used in cell phones, computers,
digital cameras and digital music players as secondary storage devices is quite
popular. Such glasses switch from an amorphous state to a crystalline state and vice
versa [49]. Chalcogenide glasses typically used in non-volatile memory devices are
as, Ge–As–Se, Ge–Se–Te, As–Se, As–S, etc. [50]. Due to technological advances,
temperature control of electronic devices become more important with extreme drop
in circuit size and it could be achieved with the help of PCM-based cooling systems
that makes the electronic devices work more efficiently.

5 Conclusion

This review focuses on recent advances in latent heat thermal energy storage mate-
rials and its applications. Besides the scope of versatile temperature ranges, PCMs
with a higher thermal storage capacity minimize storage tank sizes/volume. Never-
theless, the extensive commercial use of PCMs remains limited and their reliability is
less than sensible heat storage materials. Most of the recent works focus on stability,
supercooling and reducing costs. The choice of organic, inorganic andEutectic PCMs
depends on the thermal, physical, chemical, kinetic properties and availability besides
its latent heat, melting range, storage density, and thermal conductivity. Although
inorganic PCMs display high storage density, conductivity and a comparatively
greater melting point, they possess corrosiveness and experience supercooling. This
work also summarizes the various potential applications for PCMs ranges from hot
and cold storage in buildings to thermal storage in protective clothing.
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A Review on Passive Cooling Methods
for Green Energy Buildings
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Abstract Due to the population growth, the energy demand for thermal comfort
for human increases. The global warming also rises the temperature of the universe.
The residential demands for electricity are electric lighting, air-conditioning, and
household appliances. Fifty percentage of the power supply is consumed by the
building sector in economically developing countries. The natural cooling methods
are not supportive to meet the requirement. Heat dissipation, heat reduction, and
thermal management are passive cooling techniques. For these, storage of energy is
needed and its role is vital in power generationmanagement. The suitable technology
is to be selected, and it depends on so many factors. Many investigations have been
done to reduce the cooling load of a building through reflective and radiative roofs.
It is not easy to adopt a particular technology universally. This review reveals the
reducing, modifying heat gains as well as the removing internal heat by considering
the factors involved in these. It paves the way to select the appropriate technology
that plays a dominant role for the particular requirement.

Keywords Passive cooling · Phase change materials · Coating on ceilings · Cool
roof · Thermal storage

1 Introduction

“Buildings are a key driver of energy demand, and developments within the sector
such as the growing uptake of air conditioners are having a big impact on energy
and environmental trends at the global level,” said Dr. Fatih Birol [1], Executive
Director of the International Energy Agency (IEA). “If we do not make buildings
more efficient, their rising energy use will impact us all, whether it be through access
to affordable energy services, poor air quality, or higher energy bills.” The building
sector includes both residential and commercial. The building sector takes in around
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34% of the total energy consumption probably in most countries. The residential
demands for electricity are electric lighting, air-conditioning, and household appli-
ances. Fifty percentage of the power supply is consumed by the building sector in
economically developing countries. In developed countries, the economic growth
leads to the increase of residential demand for electricity. They transform the living
standards to a higher level. Cooling technologies for buildings are broadly classified
into two types, namely active cooling and passive cooling. Electricity is needed to
produce the cooling effect in active cooling method. Natural processes and passive
technologies are used in passive cooling method. The advantages of the later method
are the absence of power source and low-grade energy usage. Of many alterna-
tive energy sources methods, passive cooling method is the best among the existing
methods.

2 Classification of Passive Cooling Methods for Green
Energy Buildings

There are three ways of cooling the buildings, viz. protecting the entry of solar heat
into the building, modulating the heat inside the building, and dissipating the heat
from the building. The classification of passive cooling methods for buildings is
shown below.

1. Reducing heat gains

(i) Microclimate—Vegetation, landscaping, water surfaces
(ii) Solar control—Aperture, glazing, shading

2. Modifying heat gains

(i) Thermal mass without energy storage
(ii) Thermal mass with energy storage by PCM enhanced ventila-

tion/walls/wallboard/roof/
(iii) Night ventilation

3. Removing internal heat (heat dissipation technique)

(i) Free cooling with thermal energy storage
(ii) Natural cooling without thermal energy storage

(a) Evaporative cooling
(b) Radiative cooling via paints, movable insulation, flat plate air cooler

(iii) Natural ventilation without thermal energy storage
(a) Single-sided ventilation
(b) Wind-driven cross-ceiling
(c) Buoyancy-driven stock ventilation through Trombe wall/solar

chimney.
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Fig. 1 Means of passive
cooling

Heat can be released from buildings through wind-catchers, courtyards, undulating
roofs, or by using phase change materials, evaporative cooling. Thermal flow can be
blocked to the buildings by some techniques. These are illustrated in Fig. 1. Heat
dissipation, heat reduction, and thermal management are passive cooling techniques.
For these, storage of energy is needed and its role is vital in power generationmanage-
ment. Energy can be stored either for a short period or for a long period. “Short-term
energy storage” is meant for storing the energy for hours, whereas “long-term energy
storage” is meant storing the energy for days. But, many energy sources are inter-
mittent in nature. Solar energy is available only during the daytime, and it has to be
storedby efficient thermal energy storage to utilize during the night.Many researchers
have attempted to utilize the passive cooling technologies in global warming affected
countries. But the challenges for achieving this are more [2], and the sustainability is
very less in those countries. This work aims at reviewing the various passive cooling
methods for the green energy buildings and the challenges to utilize the technologies
in hot countries.

3 Passive Cooling Techniques

The passive cooling techniques for heat prevention mainly focus on the reduction of
air temperature. This can be approached by radiation loss, conductive loss, reducing
the thermal mass, providing microclimate and ground cooling. The buildings are
directly in contact with the atmospheric air and the ground (earth). The buildings
act as a direct contact earth–air heat exchanger. The vegetation, landscaping, and
providing water surfaces are the techniques to provide microclimate. Shading, night
sky radiation, aperture, glazing are the other passive cooling techniques. Different
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phase change materials are employed in the ceilings, wallboards, roof, and this is
one of the effective techniques to reduce the heat gain [3].

3.1 Reducing Heat Gains

Combustion of fuels results in high pollution as the electricity demand has been
increasing due to population growth. Maintaining internal air quality (IAQ) stan-
dards for air-conditioning engineers has become a challenge in the recent past. The
technologies have changed their gears to move to cool materials for roofs as well as
walls of the buildings. The materials which have high reflecting and emitting char-
acteristics are needed for this. Synnefa et al. [4] found that the maximum difference
between the solar reflectance of a conventional color coating and cool color coating
is 0.22 with a corresponding surface temperature difference of 10.28 °C. In ancient
days, the solar reflectancewas in the range of 0.05–0.25. Nowadays, it has improved a
lot around 0.30–0.45 reported by Santamouris and Asimakopoulos DN in their book
[5]. Shen et al. [6] studied the impact of reflective coatings on thermal comfort, energy
consumption, air temperature, globe temperature, and building surface temperatures
experimentally. Packett [7] concluded that by applying two coats, i.e., an appropriate
primer and a gloss white acrylic paint, over it will be the most effective solution.
Suehrcke et al. [8] suggested using a light or reflective roof color to achieve the
efficient heat reduction in the roof. He emphasized that an R-value can be assigned
to the reflectivity of a roof surface. Hosseinia et al. [9] found that for the largest
energy demand in the world cool roof coating with less insulating material is recom-
mended. They concluded that higher energy saving can be obtained in real life by
an application of cool roof in the long term. Gupta et al. [10] conducted experi-
ments on the sites the two office rooms located in the central workshop premises
near Katra town in Reasi District of the Indian state of Jammu and Kashmir Katra is
located at 32.98 °N, 74.95 °E and has an average elevation of 754 m (2474 ft). They
analyzed the heat reduction by cool roof pavements and found that the maximum
percentage of heat reduction was 80%. The impact of using cool roof technologies
on the thermal comfort of the office buildings were discussed in a report of cool roof
kit [11]. Suriya Pradap Singh et al. [12] compared the green roof and white roof and
concluded that white roofs are three times more effective than green roofs in cooling
down the neighborhood. Cement-based materials in wall and roof ceilings are useful
in tropical weathers as they are extremely resistant to hot and cold temperature.

3.2 Modifying Heat Gains

Heat gains can be modified either by free cooling or changing the thermal mass.
Phase change materials are incorporated for both methods. Analysis of natural
cooling of building with phase change materials by conducting experiments was
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done by Srinivasan and Ravikumar [13], Madhumathi and Sundarraja [14], Heier
et al. [15] combined the different thermal energy storage techniques for buildings
and presented. A study [16] shows that by adopting cool roofs, the consumption
of electricity can be decreased by 25%. The methods of modifying heat gains are
illustrated in Fig. 2. Pasupathi and Velraj [17] explained the various effects of phase
change material in building roof for year round thermal management and applied in
residential and commercial establishments [18].

Fig. 2 Ways of modifying heat gains
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3.3 Heat Dissipation Technique (Remove Internal Heat)

Radiation means the release of heat in the form of electromagnetic waves. The
photons having energy of E = hν are released continuously, and there is no zero radi-
ating materials in practice according to third law of thermodynamics. This radiation
heat release stops when the system (buildings) and the atmosphere are in equilibrium
condition. Heat dissipation techniques are summarized as follows in a line diagram
(Fig. 3).

One of the techniques used to reduce heat through roof is nocturnal cooling.
Nocturnal cooling systems for space cooling and its challenges are reviewed by
Nwaigwe et al. [19], Watson and Chapman [20], emphasized that air is cooled by
radiant cooling in two-storeyed buildings using light color coatings with high reflec-
tion. Chung et al. [21] analyzed the loads handled, characteristics of load, air systems
in different zones and control strategies used in (Fig. 4) thermally activated building
systems (TABS).

The envelope’s insulation, solar protection, and surface properties are the factors
to increase the cooling effect. Givoni [22] concluded that protecting the roof from
heat during the daytime is completely different from other approaches such as flat

Fig. 3 Heat dissipation techniques

Fig. 4 Section view of the thermally activated building system (TABS)
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Fig. 5 Classification of latent thermal energy storage

plate air cooler and reflective insulation system. This method provided a cooling
effect of 0.266 kWh/m2 per day [23].

Muscio [24] insisted that when photons from radiation hit a surface of densemate-
rial, these photons are neither reflected nor absorbed and found that solar reflectance
is associated with the use of flat surface and polish of the surface. Radiative cooling
using solar plate collector [25] can be done effectively. Energy can be stored and
retrieved for passive cooling. Figure 5 shows the various possible ways of latent
heat energy storage systems in practice. Solar control glazing on energy savings is
analyzed by Bakker and Visser [26].

4 Conclusion

In this paper, a review of various passive cooling technologies has been done instinct.
Due to the population growth, the energy demand for thermal comfort for human
increases. The global warming also rises the temperature of the universe. The natural
cooling methods are not supportive to meet the requirement. Hence, the appropriate
modern passive cooling technology has to be employed for buildings. The various
studies show that the suitable technology is to be selected and it depends on so many
factors [27–29]. Many investigations [30–32] have been done to reduce the cooling
load [33, 34] of a building through reflective and radiative roofs. It is not easy to
adopt a particular technology universally. However, the cool roof technology with
reflective coating and radiant cooling through with latent heat thermal energy storage
materials play a dominant role among these technologies.
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Enhancement of Soil Using Pyrolyzed
Cocus nucifera Midrib Carbon

M. Angelina Thanga Ajisha, Jaslin J. Christopher, A. S. Jebamalar,
and I. Regina Mary

Abstract The bearing capacity of the soil can be improved using controlled
compaction, proportioning, adding stabilizer, or admixtures which help in enhancing
bearing capacity of the soil. In this experimental work, Pyrolyzed Cocus nucifera
midrib carbon was used to improve the performance of the soil which may be an
economical solution of soil stabilization. The black cotton soil was treated with
various percentage of Pyrolyzed Cocus nucifera midrib carbon (PCMC) (0, 1, 2,
3, 4, 5, 6, 7, 8, and 9% by dry weight of soil). Specific gravity, Atterberg limits,
compaction characteristics, and unconfined compressive strength were tested with
different percentages of PCMC, which was obtained from Cocus nucifera. Signifi-
cant improvement in index properties, compaction, and strength characteristics was
confirmed from the test conducted. The effects of PCMC behavior vary depending
upon the quantity of PCMC that was mixed with the black cotton soil sample.
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1 Introduction

Nearly 3% of the total land in the world has black cotton soil (BCS) in which it is
found abundance in West Indies, Russia, Asia, Africa, and Australia. In Asia, India
has abundance of BCS [1]. This BCS is also named as expansive soil as it contains
fine grain soil and also decomposed rock which may expand on the fluctuation of
moisture content. When this BCS is straightly imposed on environmental variations
and seasonal variations, swelling–shrinkage behavior occurs on the ground surface.
BCS has a clay mineral called montmorillonite which is most likely to be in unsatu-
rated form. In BCS, failure happens when the soil contains more monovalent cations
which are absorbed into the clay minerals [2]. Swelling or shrinkage due to the
changes in water content of black cotton soil is often stated as heaving and also as
settlement of lightly loaded geotechnical structures like channel or reservoir lining,
railways, pavements, foundations [3].

In order to improve or to stabilize the BCS, many methods are adopted with some
additives to the soil. Some of the methods adopted are mechanical and chemical
stabilization. Many researches have been undergone with mechanical stabilization
which is said to be the economical and easier method of soil stabilization. In this
mechanical method, a dynamic force is applied to stabilize the BCS. Applying such
forces increase the density of the soil as well reduce the moisture content and too
increase the shear strength of the soil and ultimately increase the characteristics of
the soil [4].

In chemical stabilization of soil, mixing or injecting of calcium or sodium chlo-
ride, fly ash, Portland cement, lime with BCS increase the stability. Apart from the
above, a viscoelastic material called bitumen is also used for stabilization. Other than
chemicals many researches have been done with nylon fiber, iron residue, aluminum
residue, jute, palm fibers, fly ash, coal, etc. In order to increase the strength and dura-
bility, waste material is also used like recycled waste which is an attractive method
for sustainable development and also economical, reduce environmental pollution
which is nowadays more required in our mother earth.

Due to rapid industrialization and comfort life, large quantity of solid waste is
generated which is one of the biggest threats in developing countries in order to
dispose them. One of the waste material fibers is hence nowadays used in concreter
as reinforcement which was found to reduce cracks and also has increased the tensile
strength of soil. Likewise, many waste materials are found which may be benefitted
to research filed [4].

In this study, a newer material is introduced to stabilize the black cotton soil with
various percentage of Pyrolyzed Cocus nucifera midrib carbon (PCMC) (0, 1, 2, 3,
4, 5, 6, 7, 8, and 9% by dry weight of soil).

Many researchers have under their research with various wastes which are
discussed below. In order to enhance the property of a lean clay, Hanifi Canakci
et al. investigated with aluminum beverages can strip to improve the strength and
swelling property. Experimental work and its results found that this waste beverage
can enhance the compaction characteristics, swelling, and strength properties of clay
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[4]. Anotherwastematerial from sugarcane, the bagasse fiberswere taken by Liet Chi
Dang et al. [2] to study the behavior of expansive soil in addition with bagasse fiber.
Bagasse fiber of 0.5, 1.0, and 2.0%wasmixed randomly with hydrated lime—expan-
sive soil. The experimental results found that the bagasse fiber reinforcement blended
with hydrated lime has increased the compressive strength of the expansive soil on the
addition of additives and also the prolonged curing time. While increasing hydrated
lime, bagasse fiber proportions, and curing period, the linear shrinkage of stabilized
expansive soil decreased. Hence, it was proved that combination of hydrated lime
and bagasse fiber can stabilize the soil successfully.

Soil stabilization research was investigated using locally available and cheaper
material the rice husk ash (RHA), sugarcane bagasse ash (SCBA), and cow dung
ash (CDA) by Anjani Kumar Yadav et al. [5]. Partial replacement of soil was done
with rice husk ash(RHA), sugarcane bagasse ash (SCBA), and cow dung ash (CDA)
by weight in 0, 2.5, 5, 7.5, 10, and 12.5%. The results from the experimentation
confirm that there is a drastic improvement in CBR test, UCS test, and also, it was
able to control volumetric change. Anjani Kumar Yadav et al. [5] investigated the
stabilization of subgrade soil using different types of locally available materials such
as rice husk ash(RHA), sugarcane bagasse ash (SCBA), and cow dung ash (CDA).
The RHA, SCBA, and CDAweremixed by partial replacement of soil byweight in 0,
2.5, 5, 7.5, 10, and 12.5%. The results showed that there is a significant improvement
in CBR, UCS and also able to control the volumetric change.

2 Materials and Methods

2.1 Soil Sample

In this research, the soil used is a black cotton soil (BCS) taken is dark gray in
color, whichwas collected fromManonmaniam Sundaranar University at Tirunelveli
District, Tamil Nadu. This soil sample of black cotton soil was collected in sacks and
taken to the laboratory. A small quantity of the soil sample was sealed in polythene
bag for determining its natural moisture content. The soil was air dried, pulverized,
and sievedwith 4.75mmaperture as required for laboratory test. Properties of natural
black cotton soil are given in Table 1.

2.2 Pyrolyzed Cocus nucifera Midrib Carbon (PCMC)

Pyrolyzed Cocus nucifera midrib carbon (PCMC) was obtained locally from
Tirunelveli District. It was burnt inMuffle furnace at 600 ºC. Carbon passing through
425 µ sieve was used in this investigation.
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Table 1 Black cotton soil
characteristics

Property Value

Percentage passing IS 75 micron sieve 76.9

Liquid limit 50.00%

Plastic limit 17.00%

Plasticity index 33.00%

Shrinkage limit 18.05%

Linear shrinkage 12.64%

Indian standard classification system
(ISCS)

CI-CH

AASHTO classification A-7–6

Maximum dry density (MDD) 1.675 g/cc

Optimum moisture content (OMC) 11.8%

Unconfined compressive strength
(UCS)

9.38 × 10−2 N/mm2

Soaked California bearing ratio (CBR) 3.05%

pH 9.85

Specific gravity 2.33

Coefficient of permeability (k) 1.42 × 10–7 cm/s

Natural moisture content 4%

2.3 Experimental Work

In order to achieve the objectives of the study, a testing program was designed to
investigate the behavior of the treated clay soil. The tests included specific gravity,
Atterberg limits,maximumdry density, unconfined compressive strength. These tests
were performed at different percentages of PCMC mixed with soil sample.

3 Results and Discussion

3.1 Specific Gravity

The specific gravity at no PCMC content was 2.33. Gradual decrease in specific
gravity to aminimumvalue of 1.3was observedwith increasing percentage of PCMC
up to 9%. Further addition of PCMC led to decrease in specific gravity. The variation
of specific gravity of the samples with the addition of different percentage of PCMC
is shown in Fig. 1.
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Fig. 1 Specific gravity of BCS with PCMC

3.2 Sieve Analysis

As per Indian Standard Classification System (ISCS), the soil comes under the
dual group CI-CH (inorganic clays of medium to high plasticity). As per AASHTO
classification system, the soil comes under the group A-7–6.

3.3 Atterberg Limit

3.3.1 Liquid Limit

The liquid limit of the soil sample was carried out using Casagrande apparatus. The
liquid limit of the samples was determined and plotted against the PCMC content.
The liquid limit of untreated soil was determined as 50%. There was an increase in
liquid limit with increase in coconut shell carbon up to 2%. The liquid limit of the
soil decreased with increase in coconut shell carbon content up to 8%. After that,
there was an increase in liquid limit at 9% carbon content. The effect of PCMC on
the liquid limit of the black cotton soil samples is presented in Fig. 2.

Fig. 2 Liquid limit of BCS
with PCMC
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Fig. 3 Plastic limit of BCS
with PCMC

3.3.2 Plastic Limit

The plastic limit (PL) test was carried out as per IS:2720 (Part V)-1985. As can be
seen from the graph, the addition of PCMC resulted in a decrease in the plastic limit
of the treated soil. The plastic limit of untreated soil was 17.00%. There was an
increase in plastic limit with increase in Pyrolyzed Cocus nucifera carbon up to 2%.
As the stabilizer was increased to 9% PCMC, lowest value of 14.00% was observed
at 8% PCMC content. A sharp increase in the plastic limit (14.20%) was observed
at 9% PCMC content. The effect of PCMC on the plastic limit of the black cotton
soil samples is presented in Fig. 3.

3.3.3 Plasticity Index

The addition of PCMC decreases the plasticity index of the soil samples. Plasticity
index at no PCMC content was 33.00%. The plasticity index varies from 33% to
29.5%. This shows that the plastic nature of the soil decreases and the stiffness
of the soil increases as the PCMC content increases. The effect on the liquid and
plastic limit by the addition of PCMC is observed to reflect the trend of variation of
plasticity index upon the addition of PCMC in increasing percentages. The variation
of plasticity index of the samples with the addition of different percentages of PCMC
is shown in Fig. 4.
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Fig. 4 Plasticity index of BCS with PCMC

3.3.4 Shrinkage Limit

The shrinkage limit of the soil samples was determined as per IS:2720 (Part VI)-
1972. It is seen that the shrinkage limits of the samples follow a steady increase
with the addition of PCMC in increasing percentages. A value of 18% was recorded
for the natural soil. An increase in shrinkage limit to a peak value of 45.1 at 8%
PCMC content can be observed with increasing percentages of PCMC [6–8]. A
sharp decrease in the shrinkage limit (43%) was observed at 9% PCMC content. The
variation of shrinkage limit of the samples with the addition of different percentages
of PCMC is shown in Fig. 5.

Fig. 5 Shrinkage limit of BCS with PCMC
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Fig. 6 Variation of MDD with PCMC

3.3.5 Compaction Parameters

Optimum Moisture Content (OMC)

The OMC at no PCMC content was 11.5%. Subsequent increases in OMC reached
a value of 13 at 4% Pyrolyzed Cocus nucifera midrib carbon. Further addition of
Cocus nuciferamidrib carbon led to sharp reduction in the OMC to 9.9 at 8% PCMC
content. Finally increase of optimummoisture content to 10.6% was observed at 9%
PCMC content.

Maximum Dry Density

At 0%, Pyrolyzed Cocus nucifera midrib carbon content, the maximum dry density
was 1.67 g/cc. On the addition of PCMC, a decrease in maximum dry density was
observed to a value of 1.682 g/cc at 4% PCMC content. Further increase in PCMC
content led to increase in maximum dry density to a peak value of 1.783 g/cc at 8%
PCMC. Subsequently increase in Cocus nucifera midrib carbon led to reduction in
MDD value [9–11]. The effect of PCMC on the maximum dry density of the black
cotton soil samples is presented in Fig. 6.

3.3.6 Unconfined Compressive Strength (UCS)

It was observed that the unconfined compressive strength of the soil samples
decreased up to 2% with Pyrolyzed Cocus nucifera midrib content. The reason for
the decrease could be due to the lack of adequate lime in the Cocus nucifera midrib
carbon which is required for the stabilization of the black cotton soil. However, at
3, 4, 5, 6, 7, and 8% PCMC, there was increased values of UCS recorded. The UCS
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Fig. 7 Variation of first day
UCS with PCMC

value at 8% PCMC content was 31.9× 10−2 N/mm2 [12–15]. The effect of addition
of PCMC to the black cotton soil sample on their UCS values is given in Fig. 7.

4 Conclusion

From the research work, it was found that Pyrolyzed Cocus nucifera midribs are
a good stabilizer for enhancing the geotechnical characteristics of expansive or the
black cotton soil. The compaction, strength characteristics, and also the index proper-
ties have significantly improved on the addition of PyrolyzedCocus nuciferamidribs.
Decreasing trend of values in liquid limit and plastic limit of the soil on the addition of
PCMC indicates a desirable change in the soil with PCMCmix, which gains strength
at an early stage than the virgin soil with the change inwater content. It was also inter-
esting in noticing that the plasticity index has relatively decreased which is another
favorable change as it will increase the workability of the soil. On adding PCMC to
the soil, the shrinkage limit of the soil increases and also the compaction parame-
ters increase. On increasing the PCMC, the maximum dry density of the soil with
decrease in the corresponding values of optimum moisture content. The research
finding shows the increase in unconfined compressive strength of the soil on the
addition of PCMC, which confirms the suitability of PCMC for soil stabilization.
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Experimental Studies on Milling
Parameters for Al6061 Hybrid Metal
Matrix Composite

K. Ramachandra Raju , G. Senthilkumar, Y. Arivu, M. Vignesh,
D. Thangeswaran, and G. Vivek

Abstract Metal matrix composites (MMC) are extensively utilized in engineering
fields of automobile, aerospace, construction and microelectronics. In conjunction
with innovations in these advanced materials, machining them to obtain good dimen-
sional accuracy and surface integrity has become a challenge. This work experimen-
tally studies about minimizing force acting on tool by machining the composite
material. The alumina refinery residues reinforced with Al6061 are fabricated by stir
casting technique andmachined in CNCmillingmachine. Themachining parameters
like in-feed force, thrust force and cross-feed are studied that lead to the benefit of
energy and functional enhancements. The design of experiments was conducted as
per L9 orthogonal array and analysed. It was realized from the studies that the effects
of most influencing cutting parameters are feed rate, depth of cut and cutting speed
in end milling operations.

Keywords End milling · Cutting forces · Stir casting · Effect of cutting
parameters · Taguchi L9

1 Introduction

The advancement of high-technology aerospace, automobiles, defence, medical
products requires specific materials related to the specific features provided with
unique designs. Composite fabrication for the desired application is the need of the
hour in order to get energy efficient, economical, reliable and high performance
of products at critical operating conditions. The most important motivation is to
take of particular properties advantage of the constituent materials in order to meet
development of composites for specific demands [1]. The matrix provides high
thermal conductivity, corrosion resistance, toughness and properties ofmelting point.
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Aluminium is the base alloy which is widely selected for composites of metal matrix
in many applications [2]; by virtue of its higher ratio of strength to weight, resistance
to environment and higher stiffness. But, aluminium is having poor wear resistance;
predominantly at partial lubricating conditions at boundary, thermally unstable at
elevated temperatures. The ceramic particle reinforcements are good in improving
the properties of hardness, thermal stability, wear resistance, strength and friction.
Owing to the (Fe, Cu and Al) matrix materials, B4C, SiC and Al2O3 are widely used
ceramic particles due to easy availability [3]. In liquid state process, the method of
stir casting is the correct method for particulate reinforcement for the composites
fabrication [4–6]; among the different technologies involved [7]. The microstruc-
ture and properties of composites are influenced by the particulates content, size,
interface, homogeneity, process parameters, etc.

The solid lubricant effects, speed at sliding and the tribological load behaviour of
reinforced composites of silica reveal that MoS2 reinforcement has the highest hard-
ness, density and effective lubrication. Solid lubricants are contributing effectively
to reduce the wear rate [8]. Graphite reinforcement provides higher braking perfor-
mance. (K2TiF6)Potassiumhexafluoro titanate fluxquantity is equal to boron carbide
for wettability development [9] of boron carbide with below 850 °C of aluminium
alloy which shows that 10 weight percent of B4C and 5 wt% of graphite 7075 hybrid
composite has high hardness with better elongation in % than alloy 6061 and its
hybrid composite; RSM analysis shows that minimum wear rate was obtained for
the combination of (10 N) load applied, (0.8 m/s) sliding speed and (2000 m) sliding
distance for hybrid composite 7075 when it is differentiated to the base alloys and
hybrid composite 6061.

Mechanical behaviour of combinations of aluminium—alumina of 3%—boron
carbide of 2%, aluminium—alumina of 2%—boron carbide of 3%, and aluminium
LM25 stir casting indicate that tensile strength is higher with alumina 3% reinforced,
flexural strength higher with aluminium LM25, hardness higher with boron carbide
3% level samples [10]. ADC12 aluminium alloy with zirconium silicate (ZrSiO4)
and silicon carbide particles by variations (9 + 3) %, (6 + 6) %, (3 + 9) % by
stir casting technique shows that (6 + 6) wt% combination is optimum results of
microhardness and tensile strength [11]. Aluminium 6063 hybrid composite is then
reinforced with graphite and silicon carbide. Other reinforced with SiC, B4C by stir
casting technique shows that hardness strength of tensile and flexural is increased in
the particulates than the SiC and graphite-reinforced composite [12]. Alumina had a
greater effect on the wear and graphite improved the wear resistance of composites
as primary and secondary reinforcements, respectively. It forms a layer between pin
and counter face which is protective [13]. LM6 alloy with boron carbide 0, 2.5, 5 and
7.5wt%of reinforcement levels discloses thatB4Cparticles are uniformly distributed
in matrix aluminium which increases hardness and tensile strength and also increase
of its wt% decreases the density of the composite [14]. It is found that the desirability
analysis yielded good results in optimal input conditions finding [15, 16]. Machining
of Al6351/20% Al2O3 composite using µWEDM process using response surface
methodology shows the surface roughness values from the experimental domain and
predicted values matched well demonstrating a better model fitness and adequacy
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and desirability analysis in identifying the optimalmachining parameter combination
shows that the enhanced capacitance was found to produce a better surface finish
[17], while a lower level of feed and voltage was observed to produce similar results.

The demand for the newmaterials is prevalent in fast growing economy and social
transformations. The international reputed survey agency ofMcKinsey andCompany
reported that great potential for lightweight aluminium and carbon fibre indicating
cumulative annual growth rate of 6% and 17%, respectively. On the other hand, steel
and high-strength steel have very slow growth rate of 1–3% only [18].

Though some of the components made of composites have reached the demon-
stration stage and have many barriers to occupy before widespread application
expected [19]. A step-by-step process gain of composite experience from 1980 in
primary structures, composite structure/structure weight (%) reduces operational
cost, reduces impact in global environment, improves the comfort of passenger by
cabin pressure at higher, reduction of weight fuel, reduction of cost and impact in
environmental reduction, corrosion-free and fatigue, reduces costs in maintenance
of a great deal of benefits to the industry and product are being realized by airbus
[20]. Cylinder space tightening has resulted in the reduction of overall length and
weight savings of the engine by usingMMCengine blocks in vehiclesAccord, Ascot,
Innova and the S2000 models. Honda has also developed a high-pressure die casting
for manufacturing the MMC engine blocks which reduces process cost [21].

The reinforcement modifies the microstructure and refines the grain growth of
the composites. Small-size particles are the best with increasing percentage quantity.
Reinforcement’s percentage reduces the wear rate. These composites will suffer a
great loss in toughness and ductility due non-deformable ceramic particulates which
decrease their applications to a certain extent. Hence, instead of going on increasing
the wt% of single reinforcement, there is a need of optimizing the properties of
composites by hybridization.

There is a vast potential opportunity for the researchers still left to improve or
increase the mechanical properties, thermal stability and tribology properties of
aluminium composites to suit specific application fields by varying parameters asso-
ciated with reinforcement particle size, adding different reinforcements. Though
some of the components made of composites have reached the demonstration stage
and havemany barriers to occupy beforewidespread application expected.A step-by-
step process gain of composite experience from1980 in primary structures, composite
structure/structure weight (%) and changing ratio of them, selecting the fabrication
technique. Great deal of property enhancement by processing through strengthening
mechanism such as precipitation hardening, age hardening, strain hardening, cold
working, grain refinement, etc., can be obtained.

Machinability of Al/SiCp composite using rhombic tool on turning operation.
Using the SEMmicrograph, the built-up edge (BUE) and chip formation were exam-
ined to provide an economic machining solution through their work [22]. Cutting
force is obtained through conventional turning and ultrasonic vibration turning using
PCD turning tool; he concluded that high depth of cuts and low speed reduces cutting
speed [23]. Process parameters for turning thin wall Al/SiC composites using coarse
grade PCD insert under different condition of cutting. By employing ANOVA table,
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Table 1 Composition of aluminium 6061 alloy in weight %

Mg Si Cu Zn Ti Mn Cr Al

0.85 0.68 0.22 0.07 0.05 0.32 0.06 Balance

the machining conditions were optimized for low surface roughness. The process
parameters on tool flank and surface roughness were also described by them [24].

This provides the background for the present work of 6061 with alumina refinery
residues reinforcements through stir casting process and study of the cutting forces in
end milling operations which has the overall effect on total power consumption and
need of optimal machine design for economic advantage. The influence of alumina
refinery residues reinforcements inmicrostructuremakes it suitable for specific appli-
cations in automotive field as an alternate to steel material and which could lead to
more benefits in environment.

2 Materials and Methods

2.1 Materials

The materials used in this study are 6xxx series aluminium alloy 6061 containing
approximately the proportions needed formagnesium silicide (Mg0.8Si 0.68) forma-
tion, making them heat treatable. Although not as strong as most 2xxx and 7xxx
alloys, 6xxx series aluminium alloys have superior formability, weldability, machin-
ability and relatively good resistance to corrosion, with 3 weight % of alumina
refinery residues reinforced with Al6061. Aluminium 6061 alloy composition is
shown in Table 1.

2.2 Stir Casting

The aluminium alloy 6061 ingots cut into slices of 10–15mm thickness were fed into
the crucible as per experimental plan and melted by heating in the induction furnace
at the temperature of 850 °C for 2–3 h. It is above its liquidus temperature done to
covert the form into liquid state which is (600 ºC). The silicon carbide and boron
carbide particles in their right proportion as per experimental plan were preheated
to 200 °C to make their surface oxidized. Precoated die was preheated to 200 °C for
proper solidification.

During the reheating process of aluminium alloy at 750 ºC, stirring is done with
stirrer, speed at 400 rpm. Then, the reinforcement powders are added to furnace with
liquid aluminium alloy. (K2TiF6) Potassium hexafluoro titanate flux quantity equal
to boron carbide added after preheating it for 200 °C to improve wettability of boron
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Fig. 1 Stir casting setup and sample

carbide with aluminium alloy at below 850 °C. Argon gas was passed into the molten
metal to remove the soluble gases present in liquid state metal. Stirring of the molten
metal is carried out for 10 min duration. Samples were made by pouring the melt
into the die and solidified as shown in Fig. 3.

The stir caster was mounted on the furnace with the help of links. The stirrer is
used to agitate the liquid metal. The stirrer positioned such that 35% of material to
be below the stirrer and 65% of material above the stirrer. Figure 1 represents cast
composite from the stir casting setup. The molten composite is poured inside the die
cavity which has graphite coating and the open view of the mould cavity.

2.3 Optical Microscopic Test

Microstructure of the composite materials is studied on the prepared surface or thin
foil of material. The microstructure of a material (which can be broadly classi-
fied into metallic, polymeric, ceramic and composite) can strongly influence phys-
ical properties such as strength, toughness, ductility, hardness, corrosion resistance,
high/low temperature behaviour, wear resistance and so on, which in turn govern the
application of these materials in industrial practice.

The samples were ground with 240, 320, 400, 600 and 800—grit silicon carbide
paper and polished with 5 and 2 micron diamond paste on velvet cloth. They were
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Fig. 2 End milling setup in
LMW JV 55 CNC

rinsed in demineralized H2O. The specimens were placed in desiccators before use.
It was then dipped in aqueous solution of sodium hydroxide and then dropped in the
etchant (11c Beraha) until bluish brown colour appears. Later, the sample is dried
to remove moisture if any present and then placed under the optical microscope (×
500) for observation.

2.4 Machining

Unwanted piece of metal work removed in the form of chips is called machining. The
method ofmachiningwill form thework piece desired and usually donewithmachine
and cutting tools [25]. Machinability studies have acquired greater importance in the
area of composite.

End milling is commonly utilized in automobile and aerospace industries where
quality is an important factor inmanufacturing of slots, pockets andmoulds/dies. End
mills are used in milling applications like profile milling, tracer milling, face milling
and plunging. The end mills are used for light operations like cutting slots, precise
machining of holes, producing narrow flat surfaces and for profile milling operations
[26]. Machining is done using CNC vertical machining centre which makes LMW
model JV55 (Figs. 2 and 3).

2.5 Milling Tool Force Measurement

Milling tool force dynamometer is used in this work. It is most suitable in force
calculation on a milling operation during end milling operation. The system displays
an indicated force in X, Y and Z directions on a end milling cutter during the milling
operation. It comprises tri-axial piezo-electric measuring sensor. The signal from
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Fig. 3 Tool cutting force
digital display unit

the sensor is transmitted to the signal conditioner which in turn sends those to
communication card to the digital display unit.

The milling tool force dynamometer can be mounted on the table of milling
machine, and any component can be fixed over the dynamometer. Slots are provided
to mount the dynamometer to milling machine. Holes have been provided on the
milling dynamometer to enable any type of components to be fixed on it. The output
terminals are provided for the force in X, Y and Z-direction acting on the workpiece.

2.6 Design of Experiment

Experimental design is a systematic method for obtaining the most reliable results
with minimal wastage of time/money and refining the procedures and identifying
the most important factors that can require various experiments. UsingMINITAB 17
software, Taguchi L9 nine experiments were planned with varied cutting parameters
in the cast composite specimen. Figure 2 shows computer numerical control vertical
milling centre used for machining such as slots, profile and present work involves
taking a slot (Figs. 4 and 5; Table 2).

3 Result and Analysis

3.1 Macroscopic Structure

As shown in Fig. 6, it is clearly seen that alumina refinery residues particles distribute
more uniformly in the matrix and the agglomerates and coarse alumina refinery
residues blocks are not present. This indicates the clear formation of alumina refinery
residues particles from the reaction. It exhibits preferred particulate features and
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Fig. 4 End milling forces

Fig. 5 End milled sample

Table 2 Design of
experiments

Factors/levels −1 0 1

Speed (rpm) 1500 2000 2500

Feed (mm/min) 0.1 0.2 0.3

Depth of cut (mm) 1 1.5 2

Fig. 6 Microscopic images of Al6061 with 3 wt% of alumina refinery residues at a 100× and
b 400
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Table 3 End milling cutting forces SN ratio and means

Ex.
No.

Speed Feed Depth
of cut

Fx Fy Fz

Fx N SNR Mean Fy N SNR Mean Fz N SNR Mean

1 −1 −1 −1 216 −46.7 215.6 146 −43.3 145.8 38 −31.6 37.8

2 −1 0 0 237 −47.5 236.5 151 −43.6 151.2 46 −33.3 46.2

3 −1 1 1 348 −50.8 347.6 207 −46.3 207.4 59 −35.4 58.8

4 0 −1 0 176 −44.9 176.0 132 −42.4 131.8 40 −32.0 39.9

5 0 0 1 242 −47.7 242.0 168 −44.5 168.5 45 −33.1 45.2

6 0 1 −1 274 −48.8 273.9 156 −43.8 155.5 50 −34.1 50.4

7 1 −1 1 218 −46.8 217.8 141 −43.0 141.5 40 −32.0 39.9

8 1 0 −1 187 −45.4 187.0 148 −43.4 148.0 45 −33.1 45.2

9 1 1 0 253 −48.1 253.0 172 −44.7 171.7 56 −34.9 55.7

more homogeneous distribution of alumina refinery residues particles. This would
be beneficial for smooth machining and reduction of cutting forces.

3.2 Milling Tool Cutting Forces Analysis

The experimental data were reported in Table 3 for means and S/N ratio of the cutting
force Fx, Fy, Fz.

The analyses of the experimental data are carried using theMINITAB 17 software
especially used for design of experiment applications (Table 4).

We observe that the plot for speed, feed and depth of cut to SN ratios, the effective
speed is 1500 rpm, Effective feed is 0.3 mm/min and effective depth of cut 2 mm.

From Table 5, we can infer that speed is of prime consideration to minimize the
cutting force to certain extent followed by feed and depth of cut.

Taguchi Analysis: Fz (N) versus Speed, Feed, Depth of cut
Figures 7, 8, 9, 10, 11 and 12 shows themain effects plot for S/N ratios andmeans.

The level of a factor with the highest S/N ratio was the optimum level for responses

Table 4 Response table for signal-to-noise ratios (smaller is better) and means for Fx

Level Fx signal to noise ratios Fx means

Speed Feed Depth of cut Speed Feed Depth of cut

−1 −48.23 −46.11 −46.95 266.6 203.1 225.5

0 −47.11 −46.86 −46.32 230.6 221.8 221.8

1 −46.75 −49.21 −48.42 219.3 291.5 269.1

Delta 1.57 3.10 1.60 47.3 88.4 47.3

Rank 3 1 2 3 1 2
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Table 5 Response table for signal-to-noise ratios (smaller is better) and means for Fy

Level Signal-to-noise ratios Means

Speed Feed Depth of cut Speed Feed Depth of cut

−1 −44.4 −42.89 −43.5 168.1 139.7 149.8

0 −43.59 −43.84 −43.56 151.9 155.9 151.6

1 −43.7 −44.96 −44.63 153.7 178.2 172.4

Delta 0.81 2.06 1.12 16.2 38.5 22.7

Rank 3 1 2 3 1 2
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Fig. 9 SN Ratio for Fy (N)
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measured. From the S/N ratio analysis in Figs. 1, 2 and 3, the optimal machining
conditions were 400 mm/min feed rate (level 1), 2600 rpm spindle speed (level 3)
and 0.7 mm depth of cut (level 1) for cutting force Fx, Fy and Fz.

Main effects are feed, depth of cut, and cutting speed as per the response Tables 4,
5 and 6 for forces Fx, Fy and Fz.



586 K. Ramachandra Raju et al.

10-1

-32.0

-32.5

-33.0

-33.5

-34.0

-34.5

-35.0
10-1 10-1

Speed

M
ea

n 
of

 S
N

 ra
tio

s

Feed Depth of cut

Main Effects Plot for SN ratios
Data Means

Signal-to-noise: Smaller is better

Fig. 11 SN ratio for Fy (N)

10-1

56

54

52

50

48

46

44

42

40

10-1 10-1

Speed

M
ea

n 
of

 M
ea

ns

Feed Depth of cut

Main Effects Plot for Means
Data Means

Fig. 12 Means plot for Fy (N)

Table 6 Response table for signal-to-noise ratios (smaller is better) and means for Fz

Level Signal-to-noise ratios Means

Speed Feed Depth of cut Speed Feed Depth of cut

−1 −33.41 −31.86 −32.86 47.6 39.2 44.5

0 −33.05 −33.16 −33.41 45.2 45.5 47.3

1 −33.34 −34.78 −33.5 46.9 55.0 48.0

Delta 0.36 2.92 0.60 2.5 15.8 3.5

Rank 3 1 2 3 1 2
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4 Conclusion

Thus, the alumina refinery residue-reinforced Al6061 hybridmetal matrix composite
plate is subjected to milling operation in a vertical machining centre. The forces
acting on the tool are measured using a tool force dynamometer, and the readings
were noted down with the help of a digital force indicator. When compared to the
previous studies done on the aluminium-based hybrid metal matrix composite [1],
the alumina refinery residue-reinforced hybrid metal matrix composite results in less
force on the tool while milling. Thus, the machinability of this composite will be
comparatively low.
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Abstract In the recent years, research focuses on metal powder reinforced polymer
matrix composites that are significantly increased to develop the high strength,
lightweight, high stiffness, low-cost composites and the replacement of the conven-
tional materials for commercial applications like aircraft, automobiles and so on.
Abundant researcher’s investigation is focusing on the usage of polymeric materials
as matrix materials and metallic powders as reinforcement to develop various vari-
eties of polymeric material-based composites. This research work is focused on the
mechanical behaviour of aluminium oxide (Al2O3) particles which are reinforced
with polylactide (PLA) in different concentration ratios (0/100, 5/95, 10/90, 15/85,
20/80, 25/75 and 30/70) by weight percentage. The required specimens with ASTM
standards are taken over from the polymer-based composite panel using the water
jet machining process. The mechanical properties of the well-prepared PLA-based
composites are evaluated under the standard testing methods, and the test outcomes
reveal that the increasing weight percentages of the Al2O3 particles with PLA are
enhancing the mechanical properties of the composites significantly.
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1 Introduction

Recent increasing production of biodegradable plastic materials has raised environ-
mental concerns about the large-scale production of nonbiodegradable and nonre-
cyclable petroleum-based polymers. Polylactic acid (PLA) is a widely utilized
biodegradable polymer because of its good mechanical properties, high stiffness,
high transparency, excellent printability and good processability [1, 2]. Polylactic
acid or polylactide (PLA), a eco-friendly polyester formed from renewable resources,
is used for a variety of applications (biomedical, packaging, textile fibres and tech-
nical items). Owed to its intrinsic properties, PLA has a key point in the market of
biopolymers, being one of the largest parts shows potential for extra developments
[3]. Different studies showed that polylactide (PLA) is one of the most promising
biopolymers due to its goodmechanical properties and biodegradability [4]. In recent
times, the adding upofAl2O3 particles reinforcements are to be foundhigh to enhance
some mechanical properties of the polymer matrix composites significantly [5, 6].
Doping of Al2O3 particles with polylactide in very small concentrations is signifi-
cantly improved the tensile strength, Young’s modulus and ductility of the polymer
matrix composites [7]. Crystallization rate of PLA was affected by the inclusion of
reinforcement particles (nano-Al2O3) with PLA composites. The XRD results also
confirmed that the crystal formation is very clear in the PLA/nano-Al2O3 compos-
ites due to the addition of the reinforcement particles (nano-Al2O3). The inclusion
of nano-Al2O3 particles increases the crystallinity and leads to an improvement
of the storage modulus [8]. Processing polymer composites with inorganic/organic
nanoparticles or blendingwith other polymers offer a great opportunity to enhance the
physical, thermal and mechanical properties of neat polymers [9–12]. The effective-
ness of fillers with nanometric dimensions strongly depends on their shape, particle
size, aggregate size, surface characteristics and degree of dispersion. According
to classical composite theory, improved interfacial bonding between the polymer
matrix and filler particles leads to enhanced practical properties of the composites.
PLA composites have been reported with various nanoparticles, including carbon
nanotubes, layered silicates or clays, silica, graphite, magnesium oxide, etc. [13].
Polymer–alumina associations have interesting applications owing to their mutual
interaction through polar coupling and hydrogen bonding, which provide good adhe-
sion between the ceramic and polymeric components. This is of practical interest in
the case of polymeric system such as polylactic acid (PLA). These polymers contain
carboxylic ester groups in their structures, which could give rise to strong interactions
with alumina particles [14]. The composites which are made by using the PLA/nano-
Al2O3 particles became highly rigid, exhibiting a high modulus with an increase in
the reinforcement weight percentage with PLA matrix [15]. So in this experimental
studies, PLA has taken as a matrix material and aluminium oxide (Al2O3) particles
are taken as reinforcement material to prepare the composites with seven different
weight percentages of PLA and Al2O3 particles.
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2 Materials and Methods

The PLA which is used in this experimental study is a commercial grade (L99L—
GBP30), obtained from Covai Seenu and Company Ltd., Coimbatore, Tamil Nadu,
India. It had a density of 1.25± 0.05 g/cm3; weight average molecular weightMW =
187 kg/mol; density= 1.58 g/cm3; glass transition temperature, T g, is approximately
60–63 °C; andmelting temperature, Tm, is around 179–180 °C. The aluminiumoxide
(Al2O3) which is used in this research is procured from Totale Refractories, Chennai,
Tamil Nadu, India, which is containing 65% of pure Al2O3 particles remaining 35%
significantly lower levels of common impurities such as iron, sodium and silica. PLA
pellets and Al2O3 in different weight percentage of 0, 5, 10, 15, 20, 25 and 30 were
mixed. The mixtures of PLA pellets and Al2O3 were melted and blended inside the
roto-thermo heating come blending machine at a rotational speed of 175 rpm, at a
temperature of 200 °C at an interval of 10 min. The well-blended composites were
taken over into a compression moulding machine at 180 °C, and the compressed
composite mats are allowed to cool at room temperature. The weight percentage of
Al2O3 reinforcement materials with PLA matrix composites of 0, 5, 10, 15, 20, 25
and 30 were likewise abridged as Sample-S1, S2, S3, S4, S5, S6 and S7 respectively.
The required test specimen with ASTM statndards is cutout from the well-prepared
composite mats using water jet machining process (Tables 1 and 2; Fig. 1).

An ASTM D638 standard is adopted to evaluate the various tensile properties of
polylactide (PLA)—aluminium oxide (Al2O3) composites. A typical tension test is
carried in computerized universal testing machine. The test specimen with 165 mm
gauge length, 13 mm width and 10 mm thickness has positioned among the jaws
of the universal testing machine and rate of load is kept constant at 3 mm/min.
The different tensile properties like tensile load, tensile stress and tensile strain are
estimated. The compressive properties of the polylactide (PLA)—aluminium oxide
(Al2O3) composites are calculated using the ASTM standard D3410, and the test
specimen with 155 mm gage length, 25 mm width and 5 mm thickness has located

Table 1 Chemical
composition of reinforcement
material (aluminium
oxide—Al2O3)

S.
No.

Compound/element Percentage of compound/element
(w/w)

1 Al2O3 64.8

2 CaO 0.93

3 SiO2 4.0

4 Fe2O3 1.5

5 MgO 3.2

6 Na2O 2.75

7 K2O 0.51

8 Cl 3.9

9 C 1.25

10 S 0.22
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Table 2 Composition of matrix, reinforcement materials and specimen description

S. No. Weight % of matrix material
(polylactide—PLA) (%)

Weight % of reinforcement
material (aluminium
oxide—Al2O3) (%)

Specimen description

1 100 0 Sample-S1

2 95 5 Sample-S2

3 90 10 Sample-S3

4 85 15 Sample-S4

5 80 20 Sample-S5

6 75 25 Sample-S6

7 70 30 Sample-S7

Fig. 1 Materials and composite specimens

in the grips of the computerized universal testing machine. The load rate is kept
constant at 5 mm/min. The surface hardness of the polylactide (PLA)—aluminium
oxide (Al2O3) composites is determined using the ASTM standard D785, and the
test specimen with 50 mm width, 50 mm breadth and 5 mm thickness has kept on
the test table in the Rockwell hardness tester. According to specimen composition,
the load was applied on the surface of the specimens and the corresponding readings
were noted directly from the dial which is available in the Rockwell hardness tester.

3 Results and Discussions

The different mechanical test results which are obtained from the Computerized
Universal Testing Machine (UTM) and Rockwell hardness tester are depicted in
Figs. 2, 3, 4 and 5. The particularmechanical properties of the PLA/Al2O3 composites
are superiorly influenced by the weight percentage of the aluminium oxide (Al2O3)
particles with polylactide (PLA). The tensile and compressive load of the composite
specimens which are made from PLA/Al2O3 are improved considerably with the
additional weight percentage of Al2O3 particles and reduced correspondingly to the
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Fig. 2 Variation of maximum tensile and compressive load on PLA/Al2O3 composites

Fig. 3 Variation of tensile and compressive stress on PLA/Al2O3 composites

increasing weight percentage of PLA. The enhancement of mechanical properties
of these composite specimens was owed to the elevated weight percentage of Al2O3

particles, superior interfacing and stress shifting between the reinforcement material
(i.e. Al2O3 particles) to the matrix material (i.e. PLA).

The tensile and compression test results which are obtained experimentally from
universal testing machine are shown in Figs. 2, 3 and 4. The maximum tensile
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Fig. 4 Variation of maximum tensile and compressive load on PLA/Al2O3 composites

Fig. 5 Variation of
Rockwell hardness on
PLA/Al2O3 composites

and compressive load of the PLA/Al2O3 composites which are obtained from the
tensile and compressive test are in the range of 6133 and 2905 N correspondingly.
The minimum tensile and compressive load of the PLA/Al2O3 composites which
are obtained from the tensile and compression test are in the range of 1981 and
1606 N correspondingly. Along with the seven PLA/Al2O3 composites specimens,
the highest tensile and compressive load of 6133 N and 2905 N are noted from the
specimen S7 (70% PLA, 30% Al2O3 particles), the lowest tensile and compressive
load of 3048 N and 2826 N are identified from the specimen S1 (100% PLA, 0%
Al2O3 particles), respectively. The maximum tensile and compressive stress of the
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PLA/Al2O3 composites which are obtained from the tensile and compressive test are
in the range of 47.177 and 23.238 MPa correspondingly.

Theminimum tensile and compressive stress of the PLA/Al2O3 composites which
are obtained from the tensile and compressive test are in the range of 15.242 and
12.846 MPa correspondingly. Along with the seven PLA/Al2O3 composites spec-
imens, the highest tensile and compressive stress of 47.177 and 23.238 MPa are
noted from the specimen S7 (70% PLA, 30% Al2O3 particles), the lowest tensile
and compressive stress of 15.242 and 12.846 MPa are identified from the spec-
imen S1 (100% PLA, 0% Al2O3 particles), respectively. The maximum tensile and
compressive strain of the PLA/Al2O3 composites are in the range of 0.0053257
and 0.0098543, respectively. The minimum tensile and compressive strain of the
PLA/Al2O3 composites are in the range of 0.0015874 and 0.0037514, respectively.

Along with the seven PLA/Al2O3 composites specimens, the highest tensile and
compressive strain of 0.0053257 and0.0098543 are noted from the specimenS7 (70%
PLA, 30% Al2O3 particles), the lowest tensile and compressive strain of 0.0015874
and 0.0037514 are identified from the specimen S1 (100%PLA, 0%Al2O3 particles),
respectively. The maximum and minimum values of Rockwell hardness (HRC) of
the PLA/Al2O3 composites are in the range of 43 HRC and 125 HRC, respectively.
Along with the seven PLA/Al2O3 composites specimens, the highest (125 HRC) and
lowest values (43 HRC) of Rockwell hardness are noted from the specimen S7 (70%
PLA, 30% Al2O3 particles) and S1 (100% PLA, 0% Al2O3 particles), respectively.
The X-ray diffraction (XRD) pattern of PLA/Al2O3 composites (70% PLA, 30%
Al2O3 particles) is shown in Fig. 6 that shows the stages that exist in alloy and are
largely aluminium and Al2O3 in the PLA/Al2O3 composites. Similarly, the scanning
electron microscope (SEM) image of the better composite sample (30% Al2O3/70%
PLA) is shown in Fig. 7.

Fig. 6 X-ray diffraction
pattern of PLA/Al2O3
composites (70 wt% of
PLA/30 wt% of Al2O3
particles)
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Fig. 7 Scanning electron
microscope (SEM) image of
PLA/Al2O3 composites
(70 wt% of PLA/30 wt% of
Al2O3 particles)

4 Conclusions

The experimental result shows that a helpful polymer–metal composite with reason-
able strength might be successfully developed using aluminium oxide (Al2O3) parti-
cles as reinforcement material and polylactide (PLA) as matrix material. The combi-
nations of PLA/Al2O3 composites are get hold of well mechanical properties with
respect to the increasing % of reinforcement with matrix material. It was noted that
the several mechanical properties like tensile load, compressive load, tensile stress,
compressive stress, tensile strain, compressive strain and hardness were superior,
when the aluminiumoxide (Al2O3) particlesweight percentagewith PLAwere raised
from 0 to 30%. The maximum tensile load, tensile stress, tensile strain, compres-
sive load, compressive stress, compressive strain and hardness are noted for the
Al2O3 composites having 30% of reinforcement particles and 70% of matrix mate-
rial. Nevertheless, there is a requisite to do a supplementary researchwork that should
be done on the interaction optimization between the reinforcement and matrix to
attain the most excellent mechanical performance composites. It is suggested that
the composites which are developed from the aluminium oxide (Al2O3) particles
and polylactide (PLA) be capable of a substitute for some steel materials due to the
superior mechanical properties.
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The Effect of Mg and Mn Addition
on Hardness, Tensile and Wear
Properties of LM6 Aluminum Alloy

S. Manojkumar, M. Kumar, M. Ananth, G. Mageshwaran,
and P. Hariprakash

Abstract Aluminum and its alloys have become inevitable in the modern world.
Today, aluminum has become the most preferred material by the engineers due to
its peculiar properties such as light, strong, resilient, ductile at low temperature,
high-strength to weight ratio and corrosion resistance. Aluminum has approximately
1/3rd of the weight of iron, copper, brass or steel. Aluminum alloys are widely used
in modern aircraft industries and in various other transportation industries because
of its improved properties. Among all series of Al alloys, aluminum-silicon alloy
is widely used in the automotive industry because of its good castability, low cost
and superior mechanical properties. In this study, the aluminum LM6 is alloyed with
magnesium and manganese in three aspects i.e. LM6 aluminum alloy is added with
5 wt% magnesium as first specimen, LM6 aluminum alloy with 5 wt% manganese
as second and LM6 aluminum alloy with both manganese (5 wt%) and magnesium
(5 wt%) as third specimen was synthesized by stir casting method. The effect of Mg
and Mn reinforcement with LM6 aluminum alloy on its hardness, tensile properties
and wear loss were investigated.

Keywords LM6 ·Mg ·Mn · Hardness · Tensile strength ·Wear loss first section

1 Introduction

LM6 aluminum alloy is mostly used in the automobile sector because of its good
castability, low cost and excellent mechanical properties and the properties of the
LM6 alloy can be enhanced through proper heat treatment [1–4]. Manganese (Mn)
is an important element in aluminum–silicon (Al–Si) casting alloy to establish the
mechanical properties of the alloy. Addition of 0.2 wt% of Mn in Al–Si alloy which
converts iron platelet phases into star-like intermetallics. The tensile property of the
alloy mostly depends on the dimensions of the intermetallics. The increase in Mn/Fe
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ratio does not show shows as much improvement in the tensile property of the alloy.
The reduction in the Magnesium (Mg) in the Al–Si alloy results in the decrease in
the yield stress, ultimate strength, hardness and also increase in the elongation of the
fracture [1, 5].

Addition of Mn changes the morphology of β-Al5FeSi needle-like structure into
Chinese script like morphology which increases the overall tensile and fatigue prop-
erties [6]. Increase in the Mg content in the Al–Si–Mg alloys leads to raising the
tensile properties of the alloy by 10 MPa and small decrease in the ductility. The
increase in the Mg content forms a large volume fraction of the π-Al8Mg3FeSi6 in
the alloy which is the main phenomena in the effect of strength and ductility [7].

Adding Mg content in the AA2219 aluminum alloy along with Sc (Scandium)
promotes the formation of nucleation rate of the Al3Sc which will lead to an increase
in the improved high-temperature stability of the alloy [8]. The formation of Mg2Si
found in Al–Si alloy while adding Mg content in the alloy, this increase in the Mg
content in the alloy leads to an increase in the hardness of the alloy. As well as
the increase in the Mg content in the alloy shows the improvement in the tensile
strength of the alloy and the percentage of elongation values decreased [9]. In A356
alloy, decrease in the grain coarsening rate of globular α-Al in the isothermal heating
while adding magnesium in the semi-solid condition. Large Chinese script Mg2Si
intermetallic compound is formed which increases the tensile properties of the alloy
[10]. In die-cast 380 alloys, the increase in Mg content from 0.06 to 55%, leads
to formation of π-Al8Mg3FeSi6 and Q-Al5Cu2Mg8Si6 phases from 0.8% to 1.7%.
Tensile strength is maximum at 0.3% of Mg, further increase Mg content leads to the
decrease in the tensile strength, because of the formation of the insoluble intermetallic
[11].

The current study aims to study the influence of Mg and Mn inclusion in LM6
aluminum alloy on its hardness, tensile strength and wear loss.

2 Experimental Details

The chemical elements present in LM6 aluminum alloy is given in Table 1. There are
three alloys prepared with varying percentage of Mg and Mn content. The melting
temperature for the proposed alloys was maintained at 750± 20 °C. The alloys were
prepared using stir casting method, as follows: LM6 + 5 wt% Mg, LM6 + 5 wt%
Mn and LM6 + 5 wt% Mg + 5 wt% Mn.

The molten metal was poured into the die to get the desired LM6 alloy which is
shown in Fig. 1a. Subsequently, the specimens are machined and subjected to the

Table 1 Chemical composition of LM6

Elements Cu Fe Mg Mn Ni Pb Si Al

Percentage (%) 0.10 0.60 0.10 0.50 0.10 0.10 10–13 Remaining
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Fig. 1 a Casted LM6 alloy. b Tensile testing machine

hardness, tensile, and wear testing. Hardness test was performed in the specimen
to measure the hardness of the alloy using Rockwell B-scale. Hardness values are
calculated with an average of five readings in each specimen. Later, for the tensile
testing, the specimen is machined as per ASTM E-8 standard and testing was done
in the tensile test machine to measure the tensile strength of the alloy which was
shown in Fig. 1b.

Next, the specimen was subjected to the wear test in the computerized pin on disk
tribometer to measure the wear resistance of the alloy. The specimens were prepared
as per ASTM standard ASTM G99-05 having dimension of circular cross-section
with 10 mm diameter and 30 mm in length. The pin is placed against the EN 31
hardened steel disc of 60 HRC. The rotating steel disc has 165 mm diameter and of
8 mm thickness. The dry sliding friction and wear tests were carried out for the loads
of 10 and 15 N for the sliding speed ranges from 250 to 750 rpm with an increment
of 250 rpm, and for a sliding distance of 1000 m. Before and after each test trial,
the specimen surfaces were cleaned with acetone to remove the foreign particles.
The pin was weighed before and after each test using weighing apparatus having an
accuracy of 0.001 g. The wear loss (µm) is measured by the instrument and the data
are noted down. All the experiment trails were conducted at room temperature.

3 Results and Discussion

3.1 Hardness Test

Hardness values of the produced alloys with Mg and Mn are shown in Table 2 and
Fig. 2. Figure 2 shows that the average hardness values of the LM6 alloy show higher
when compare the LM6 alloyed with Mg and LM6 alloyed with Mn. The Mg 5 wt%
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Table 2 Rockwell hardness
of the alloys

Specimen Average hardness value (HRB)

LM6 53.5

LM6 +Mg 44

LM6 +Mn 49.5

LM6 +Mg +Mn 55.5

Fig. 2 Average hardness
values of LM6 alloys
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added in the LM6 alloy reduces the hardness of the alloy and thenMn 5wt% addition
also shows the slight reduction in the LM6 alloy. Mg content 0.25–0.39 wt% will
show the significant increase in the harness alloy and then similarly the Mn addition
does not significantly affects the alloy [1].

3.2 Tensile Test

The samples tensile tests results are shown in Table 3 and Fig. 3. Tensile test results
indicate that decrease in the ultimate strength (UTS), yield strength (YS) and %
elongation (e). Magnesium addition from 0.25 to 0.4 wt% allowing to improve
tensile strength, yield strength and decrease in the ductility [1]. The results show
that there was a decrease in the tensile properties of the alloy may be the presence
of intermetallics in the alloy.

Table 3 Tensile test results
of the samples

Alloy type UTS (MPa) YS (MPa) % Elongation

Pure LM6 226 214 9.901

LM6 +Mg 179 171 1.818

LM6 +Mn 200 167 1.818

LM6 +Mg +Mn 135 35 1.818
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a)

b)

c)
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Fig. 3 Effect of Mg and Mn on the tensile properties a Ultimate stress b % of Elongation c Yield
stress

3.3 Wear Test

The wear behavior of the LM6 alloy with Mg, Mn and Mg + Mn shown in Table
4. The wear loss was calculated by varying load, sliding speed with constant sliding
distance. It was observed that the wear loss is maximum at 500 rpm sliding speed
at 1 kg load for pure LM6 alloy. Similarly LM6 + Mg + Mn, the wear loss is
maximum at 500 rpm sliding speed at 1 kg load. And then LM6+Mn, the wear loss
is maximum at 15 N load at 500 rpm sliding speed. In LM6 + Mg alloy, the wear
loss was maximum at 1.5 kg at 750 rpm sliding speed. The wear loss was observed
minimum for LM6 +Mn alloy 1.5 kg at 250 rpm sliding speed. The reason for that
minimum wear loss may be the formation of compounds with iron; it tends to lead
the morphology dendrites to form into Chinese script morphology.



604 S. Manojkumar et al.

Table 4 Wear test results

S. No. Alloy type Load (N) Speed
(RPM)

Mass
before (g)

Mass after
(g)

Time (min) Wear loss
(microns)

1 LM6 10 250 6.390 6.386 5 127

2 LM6 10 500 6.386 6.382 5 454

3 LM6 10 750 6.382 6.381 5 134

4 LM6 15 250 6.381 6.379 5 50

5 LM6 15 500 6.379 6.377 5 212

6 LM6 15 750 6.377 6.370 5 8

7 LM6 +
Mn

10 250 6.399 6.395 5 176

8 LM6 +
Mn

10 500 6.395 6.384 5 11

9 LM6 +
Mn

10 750 6.384 6.383 5 80

10 LM6 +
Mn

15 250 6.383 6.382 5 7

11 LM6 +
Mn

15 500 6.382 6.381 5 124

12 LM6 +
Mn

15 750 6.381 6.376 5 28

13 LM6 +
Mg

10 250 5.805 5.803 5 96

14 LM6 +
Mg

10 500 5.803 5.802 5 91

15 LM6 +
Mg

10 750 5.802 5.801 5 130

16 LM6 +
Mg

15 250 5.801 5.798 5 111

17 LM6 +
Mg

15 500 5.798 5.795 5 75

18 LM6 +
Mg

15 750 5.795 5.791 5 241

19 LM6 +
Mn +Mg

10 250 6.352 6.344 5 200

20 LM6 +
Mn +Mg

10 500 6.344 6.342 5 221

21 LM6 +
Mn +Mg

10 750 6.342 6.341 5 47

22 LM6 +
Mn +Mg

15 250 6.341 6.340 5 69

23 LM6 +
Mn +Mg

15 500 6.340 6.339 5 74

(continued)
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Table 4 (continued)

S. No. Alloy type Load (N) Speed
(RPM)

Mass
before (g)

Mass after
(g)

Time (min) Wear loss
(microns)

24 LM6 +
Mn +Mg

15 750 6.339 6.336 5 33

4 Conclusion

From the experimental study, the effect of Mg and Mn addition on hardness, tensile
strength and wear behavior of LM 6 was investigated the following conclusions are
drawn:

• Addition of the 5 wt% Mg with LM6 and 5 wt% Mn with LM6 decrease the
hardness of the LM6 alloy. However, the addition of both Mg 5 wt% and Mn
5 wt% to the LM6 which leads to an increase the hardness by 4% than base alloy.

• The tensile properties of produced alloys show decreased tensile properties while
adding with Mg, Mn andMg+Mn to the LM6 alloy. The higher amount (5 wt%)
of the Mg and Mn leads to an decrease in the tensile properties of the alloy due to
the formation of intermetallic compoundswhich reduces the ductility of fabricated
alloys.

• The addition of both Mg and Mn has significant effect on wear loss. The results
show minimum wear loss was observed at 5 wt% of Mg and 5 wt% of Mn to the
LM6 aluminum alloy. This is due to the formation of hard interface at the surface
that reduces wear loss in the alloy.
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Investigation of Geopolymer Concrete
with Ceramic Waste as a Partial
Replacement of Coarse Aggregate

V. Vignesh Prabu, S. Velmurugan, and O. P. Deepak

Abstract The study focuses on analyzing the compressive strength in usage of
ceramic waste material as partial replacement of coarse aggregates. Concrete cubes
were prepared for 5, 10, 15, 20 and 25% replacements and tested for optimum
content for two grades of concrete mixes (G30 and G50). The optimum content of
ceramic waste was found to be 15 and 20% by weight of coarse aggregates for G30
and G50, respectively. The compressive strength of the concrete waste containing
geopolymer concrete was compared with control mix concrete andwas found to have
an increment of 13.5% in compressive strength comparatively. Also, it was observed
that the compressive of the geopolymer concrete increased up to certain replacements
with the increase in the percentage of waste materials, and it is found suitable to use
the ceramic industrial waste for the concrete.

Keywords Ceramic waste · Compressive strength · Geopolymer concrete

1 Introduction

The demand for concrete as a material of construction will surge as the demand
for infrastructure expansion rises, principally in countries such as China and India.
So as to encounter this demand, the manufacture of Portland cement must increases.
Furthermore, Portland cement is also among themost energy-exhaustive construction
materials followed by aluminum and steel. In contrast, fly ash is available lavishly
across the world. In 2001, the fly ash production in USAwas roughly 68million tons,
but only 32% was used in various applications, such as in concrete, structural fills,
and wastes stabilization. So many benefits are there in using fly ash as a substitute for
Portland cement, especially to overcome the hike in the need for concrete required
for construction developments. As silicon and aluminum are the key ingredients,
fly ash is having high potential as a cement replacement material in concrete. The
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replacement of Portland cement as concrete binder, activation of fly ash is needed
by making use of alkaline solutions as activator.

1.1 Geopolymer Concrete

In geopolymer, the process of polymerization comprises a chemical reaction with
highly alkaline circumstances for Al-Si minerals, yielding polymeric bonds, and
it generates a lot of heat during chemical reaction. The chemical composition of
geopolymer resembles to that of zeolites; however it shows an amorphousmicrostruc-
ture [1]. The structural prototype of geopolymer material is running under investi-
gation, hence the precise mechanism by which geopolymer setting and hardening
is happening, still not clear. The geopolymerisation process consists of dissolu-
tion, transportation, orientation and polycondensation and takes place through an
exothermic progression. The strength of geopolymer depends on the nature of source
materials. Geopolymer made from calcined source materials, such as metakaolin
(calcined kaolin), fly ash and slag, yields higher compressive strengthwhen compared
to those made from non-calcined materials, such as kaolin clay [2]. The source mate-
rial used for geopolymerisation can be a single material or a combination of many
types of materials.

A grouping of sodium or potassium silicate and sodium or potassium hydroxide
has been widely used as the alkaline activator from a long time, with the activator
liquid-to-source material ratio by mass in the range of 0.25–0.30. Because heat is a
reaction accelerator, curing of fresh geopolymer is carried out mostly at an elevated
temperature. Daniel and Jay Sanjayan [3] state that when curing is done at elevated
temperatures, care must be taken to minimize the loss of water. However, curing at
room temperature has successfully been carried out by using calcined sourcematerial
of pure geological origin, such as metakaolin and GGBFS.

1.2 Application of Geopolymer

The geopolymer material can be used in various applications, such as fiber compos-
ites, automotive and aerospace industries, nonferrous foundries and metallurgy, civil
engineering, cements and concretes, ceramics and plastics industries, waste manage-
ment, art and decoration, retrofit of buildings, depending on the chemical composition
of the source materials and the activators [4].
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1.3 Ceramaic Waste

In the production plants as well as at construction sites, a lot of ceramic waste is
generated which is a concern of disposal and spoils the aesthetic of the surround-
ings. Ceramic waste is having properties like fire resistance, high rigidity, density,
low porosity, high breaking strength, corrosion resistance and acid resistance. In an
effort to use the ceramic waste in large volume, research is being carried out for its
possible large-scale utilization in making concrete as partial replacement of coarse
aggregate in geopolyer concrete [5]. In the present study, coarse aggregate is partially
replaced by ceramic waste in geopolymer concrete, and its compressive strength was
investigated.

2 Experimental Investigation

In the investigation, the geopolymer concrete cubes were cast of two grades G30
and G50, the coarse aggregate is partially replaced by ceramic waste, and their
compressive strength was investigated compared to the conventional concrete.

2.1 Materials

The following materials used for the current study: Fly ash, ground granulated blast
furnace slag, fine aggregates, coarse aggregates, sodium hydroxide, sodium silicate,
ceramic waste, water and super-plasticizers are the materials used in the current
study. The coarse aggregates were crushed to the angular size of 10–20 mm. The
specific gravity of the aggregates of course aggregate is 2.79, and fineness modulus
is 7.12. The fine aggregate (river sand) used consists of zone II, specific gravity was
2.61, and its fineness modulus is 3.55. Low calcium class F fly ash was used. The
specific gravity of fly ash is 2.64 with fineness of 380 m2/kg. The specific gravity of
ceramic waste is 2.68, and for GGBFS, it is 2.86 with fineness of 400 m2/kg. Super-
plasticizer was used to improve theworkability of concrete. Super-plasticizer content
was 1% by weight of binding material, and it was added to improve the workability
of concrete. The super-plasticizer used was Naphthalene-based Conplast SP-430.

2.2 Properties of Ingredients

Test data for materials.

i. Ratio of Na2SiO3 to NaOH: 2.5
ii. Ratio of water to geopolymer solid: 0.26
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Table 1 Quantity of
materials

Material Quantity (kg/m3)
G30

Quantity (kg/m3) G50

Fly ash 190 240

GGBFS 190 240

NaOH 48.95 61.72

Na2SiO3 122 154.28

Coarse aggregate 20 mm 775 763

12.5 mm 520 515

Fine aggregate 555 510

Water 38 14.4

Super plasticizer 3.8a 4.8a

aSuper-plasticizer content is adopted as 1% of the binding
material (i.e., fly ash and GGBFS) as per the literature and the
workability requirements

iii. Molarity of NaOH: 12 M (Table 1).

2.3 Mix Proportions

See Tables 2 and 3.

3 Testing of Specimens

As per IS 516 (1959), compression testing machine was used to test the cubes of
concrete. Concrete cubes were placed centrally on the CTM, and load was gradually
applied [6] (Figs. 1 and 2).

Table 2 Mix proportion for G30 for cubes

Mix
designation

% of
ceramic
waste

Fly ash +
GGBFS
(kg/m3)

FA
(kg/m3)

CA
(kg/m3)

Ceramic
waste
(kg/m3)

Alkaline
Solution
(kg/m3)

Number
of cubes

GCK Control 380 555 1294 – 171 3

GC5 5 380 555 1229.6 64.7 171 3

GC10 10 380 555 1164.6 129.4 171 3

GC15 15 380 555 1099.9 194.1 171 3

GC20 20 380 555 1035.2 258.8 171 3

GC25 25 380 555 970.5 323.5 171 3
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Table 3 Mix proportion for G50 for cubes

Mix
designation

% of
ceramic
waste

Flyash +
GGBFS
(kg/m3)

FA
(kg/m3)

CA
(kg/m3)

Ceramic
waste
(kg/m3)

Alkaline
solution
(kg/m3)

Number
of cubes

GHK – 480 510 1278 – 216 3

GH5 5 480 510 1214.1 63.9 216 3

GH10 10 480 510 1150.2 127.8 216 3

GH15 15 480 510 1086.3 191.7 216 3

GH20 20 480 510 1022.4 255.6 216 3

GH25 25 480 510 958.5 318.75 216 3

Fig. 1 Specimen before
testing

Fig. 2 Specimen after
testing
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Table 4 Compressive strength at 7 and 28 days

% Replacement Compressive strength (N/mm2)

G30 G50

7 days 28 days 7 days 28 days

Control mix 26.12 44.36 37.59 65.61

5 27.46 46.32 39.58 68.72

10 28.21 47.51 40.36 69.07

15 29.34 49.28 42.04 71.23

20 28.77 48.11 43.57 72.69

25 28.41 47.82 41.80 70.63

4 Results and Discussion

4.1 Compressive Strength

Compression test according to IS: 516 (1959) was carried out on cubes to deter-
mine the compressive strength after 7 days and 28 days of standard curing [6]. The
compressive strength for both grades of concrete is given in Table 4.

5 Conclusions

Based on the experimental investigations, the following conclusions are drawn.

1. Utilization of ceramic waste in geopolymer concrete is found to be useful as it
improves compressive strength of the concrete.

2. It was observed that as the ceramic waste content increased, the compressive
strength increased up to 15% for G30 and 20% for G50 and then decreased
continuously, when compared with the control geopolymer concrete.

3. As the geopolymer concrete made with fresh ceramic waste partially as a coarse
aggregate is more cohesive andworkable than conventional geopolymer concrete
and this is due to the lower water absorption and smooth surface texture of the
ceramic waste coarse aggregate

4. It is observed that the geopolymer concrete made with ceramic tiles partially as
coarse aggregate shows 11.09% and 10.79% more strength than the control mix
geopolymer concrete of grade G30 and G50, respectively.
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Numerical Investigation on Cold-Formed
Steel Web Stiffened Lipped Channel
Columns Subjected to Local-Distortional
Interaction Mode Buckling

O. P. Deepak and P. Aravinth

Abstract This paper describes the numerical investigation carried out on cold-
formed steel fixed-ended web stiffened lipped channel (WSLC) column sections
undergoing local-distortional interaction mode buckling. The ultimate strength
erosion caused by L–D interaction are presented. The sections failing due to L–
D interaction are identified by “trial and error method” from GBTul. The column
sections are carefully selected to ensure that would be fairly high level of L–D inter-
action by the ratio (Pcrl/Pcrd = 0.8–1.2). The elastic buckling analysis is performed
predicting the section properties and length of the columns by using GBTul soft-
ware. Finite Element Models were developed by using ABAQUS and comparative
study on load results was made with DSM (direct strength method), NLD, NLD,
MNLD approaches and whether they are capable of predicting them efficiently. The
parametric studies on the identified sections are presented.

Keywords Web stiffened lipped channel columns · ABAQUS · Finite element
analysis · Interactive buckling · Gbtul · Numerical simulations · Direct strength
method

1 Introduction

Cold-formed steel sections (CFS) are widely used in construction field, popular due
to its high strength to weight ratio, easy erection economical aspect, uniform quality
throughout the section and easy handling and transportation, etc., Cold-formed chan-
nels are usually used as compression members like wall studs and chord members
of roof trusses in steel framed residential and commercial buildings. It is found
that the commonly used column geometries undergo three modes of failures such
as local, distortional, and global buckling. The major impact in the failure is when
the combination of the above-mentioned mode interactions. The local distortional
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interaction buckling of cold-formed steel thin-walled sections was reported first by
Kwon and Hancock. To avoid buckling and enhance the strength of the sections
various stiffeners are used.

The influence of L–D interaction in the behavior and design of CFS web stiffened
lipped channel columns were numerically analyzed by Martins et al. [1]. Through
this study, found that the NDL estimates were good in the quality and reliable but the
MNDL approach does not seem to be satisfactory to the experimental failure loads.
Dinis et al. [2] done a profound study on the behavior and interactive mode failure
pattern of the web stiffened lipped channel columns. This study had a major contri-
bution towards the interactive failuremodes that were actually triggered by the flange
and web portions. The experimental and numerical investigation of the sections was
performed with finite element software (ABAQUS) and behavior of both the results
compared preferably, showed fair bond in accordance. The obtained results were
validated against the direct strength approach methods and a new approach was
developed with context of the existing works performed, literally approach given in
this study was a combination of earlier interactive approach design considerations.
The proposed approach showed moreover similar results comparable with numerical
and experimental findings.He et al. [3] contributed towards experimental study on the
post-buckling behavior of web stiffened lipped channel columns with the fixed ended
boundary involving the interactive failure of local-distortional and distortional-local
modes. The yielded results from experiments concerning interactive failures were
compared with the DSM based approaches and were found unsafe by the dissim-
ilar values of ultimate strengths. Eminent study showed the liable parallel results
when done NLD and NDL approaches. In this study, lips functionality that decided
the failure interaction either L–D or D–L modes are noted, and importance of their
behavior was seen through. Martins et al. [1] studied the interactive behavior of
local and distortional buckling on the web stiffened lipped channel sections. This
study shows the efficient role of the GBTul software analysis for finding the critical
load and finite element analysis using ABAQUS software. The numerical investi-
gated results were checked for the relevance against various DSM predictions or
approaches. This study found the profound work to hold good evidence with NDL
approach and simultaneously theMNDL approach could not be as effective. Landes-
mann et al. [4] experimented with lipped channel columns distortional buckling and
failure mode with ‘V’ shaped stiffeners provided over both flanges and the web
portion. And essentially concluded the presence of stiffeners highly influenced and
modified the ultimate strengths and behavior of the sections chosen. The numerical
analysis was performed by ANSYS and the results agreed to concern with the exper-
imental specimens. This study concluded to have an important note on the web to
lip width ratio should be a salient criterion in developing a new design approach
for the buckling effects. Zhou et al. [5] done experimental and shell finite element
analysis of the web stiffened lipped channels with including the batten sheets across
connecting two edges of the lips of open cross-section sides. Inclusive of the batten
sheets would significantly effect and increase the ultimate strength of the columns.
The distortional buckling occurring in the columns was effectively delayed and in
some occurrence it could even excluded from happening by the presence of batten
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sheets. The ultimate strength was possibly to double by the inclusion of batten sheets
at specified intervals effectively for long columns. Influence on ultimate strength of
CFS lipped channel columns subjected to interaction on distortional global buck-
ling was investigated by Anbarasu [6]. From the study, found that the relationship
between the ultimate strength found through finite element analysis and the ulti-
mate resistance predicted by DSM approach is found to be almost linear Pfea =
0.866Pdsm. This paper reports about the local distortional mode interactive failures
of web stiffened lipped channel CFS sections. It was absolutely found that the L–D
interaction effects occur once when the proportion between distortional and local
buckling loads is either (i) ratio close of 1.0 (at least between 0.8 and 1.2), which
corresponds to “true L–D interaction”, (ii) above 1.0 (conceivably by a widemargin),
provided that the squash load exceeds the distortional buckling load by huge amount
allowing for the occurrence of development of significant L–D interaction effects
before failure occur, which corresponds to “L–D interaction due to a secondary
(distortional) bifurcation”. Considerable amount of research work has been devoted
to investigate local–distortional (L–D) interaction in cold-formed steel thin-walled
columns – this work involves mostly lipped channel columns and comprises numer-
ical analysis and design proposals. The ABAQUS shell finite element analysis is
used for numerical investigation, in order to sketch the post-buckling behavior and
strength ofWSLC columns experiencing marginal L–D interaction effects. The FEA
results discuss about the (i) ultimate strengths, (ii) post-buckling behavior and (iii)
failure mechanisms of WSLC columns selected to undergoing L–D interaction. A
good review is given to comparing the ultimate strength results of L–D interactions
in WSLC columns with the DSM design considerations.

2 Methodology

2.1 Column Geometry

The selection of the column geometry was achieved through trial-and-error buckling
analysis sequences, carried out in the code GBTUL. The various column geome-
tries identified by conducting iterative buckling analysis in an open-source GBTUL
program. GBTUL is free software programs that execute elastic buckling (bifurca-
tion) and vibration analysis of prismatic thin-walledmembers. GBTULV2.06 is used
for the buckling analysis. Web stiffened lipped channel column sections are chosen
carefully so that it undergoes L–D interactive modes. To ensure the interactive mode
failure of local and distortional buckling numerous buckling analysis is performed.
The software shows elastic buckling loads of local, distortional, global buckling with
corresponding to the deformable modes.
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2.2 Finite Element Modelling

The finite element nonlinear analysis program ABAQUS was used to simulate the
experimental behavior of fixed-ended cold-formed web stiffened lipped channel
columns. The sections are modeled based on the centerline measurements of the
cross-sections. ABAQUS V6.14 [7] is used for numerical analysis of the identified
sections. The geometric and material non-linearity is used and sections are modeled
on the elastic strain hardening behavior. Linear analysis is carried out for determining
the buckling mode shapes. Post buckling analysis of the sections is then carried esti-
mating the ultimate strength and to study the load versus end shortening characteris-
tics. S4R5 shell elements are used which is usually a four-node doubly curved shell
element with reduced integrations with 5 degrees of freedom per node. Mesh size is
chosen as 1(length to width ratio) based on the previously done investigations. The
column ends are tie constrained to inner face of the solid plates (deformable solid
plate element C3D8R). The solid plates are set to fixed with the boundary conditions
and only the top plate is allowed for longitudinal displacement. Compressive static
load of 1 N/mm2 is applied on the top plate of the column. Linear buckling analysis
the isotropic and homogeneous material is chosen with elastic modulus of 210 GPa
and Poisson ratio of 0.3. For the nonlinear buckling analysis plastic properties are
given in addition. the results determined were obtained using the finite element code
ABAQUS with fine mesh discretization using 4-node iso-parametric shell elements
To assess the accuracy of adopted finite element modeling method in this study,
linear buckling and non-linear post-buckling analysis are carried out for a section.
The geometric imperfection value of 0.1 T (T-thickness of the section considered) is
carried throughout the analysis. The comparison shows the present model can fairly
simulate the critical buckling stresses, failure load, and failure mode reported by He
et al. [3] (Tables 1 and 2).

Table 1 Comparison of present FEA with Ziqi et. al

bw bf bl d1 d2 T L Fcrd Fcrl Fu

Ziqi He
et al

163.2 123.2 16.5 10.4 20.4 1.47 1501.8 136.2 128.6 97.1

Present
work

163.2 123.2 16.5 10.4 20.4 1.47 1501.8 139.69 139.69 97.67

Ratio (Ziqi
He/present
work)

0.975 0.92 0.99
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Table 2 Specimen name, cross-sectional details, thickness and length (in mm), area (mm2), critical
buckling stresses (in MPa), and critical stress ratios

Specimen bw bf bl d1 d2 T L Area Fcrl Fcrd Fcrd/Fcrl

S1 170 110 20 10 20 1.5 1000 657.42 281.02 282.32 1.00

S2 180 120 20 10 20 1 1000 468.28 66.63 199.60 2.99

S3 200 140 20 10 20 1 1000 528.28 49.53 165.44 3.33

3 Results and Discussions

3.1 Post-Buckling Analysis

The ultimate strength behavior and occurrence of L–D interaction in the sections and
failure modes are discussed below.

3.1.1 Section S1

The section S1-250 fails by L–D interaction, the local buckling with four half waves
on either side of the flange occurs at 65.13 kN (Fig. 1a shows emergence of local
buckling S1-250) and three half waves local buckling occurring in the web portion
at both ends of the column section. Further, on deforming interacts with distortional
buckling at 92.25 kN (Fig. 1b shows L–D interaction in S1-250) with deviating
outwards and reaches the ultimate load at 100.33 kN and fails literally. S1-350 starts
deforming with occurrence local buckling at 65.13 kN and L–D interaction occurs at
93.67 kN and fails at 118.24 kN and the failure behavior is same as that of the S1-250
section. S1-550 varies from the previous discussed section with local buckling occur
at 68.31 kN and prolongs to interact with distortional buckling at 101.83 kN and fails
immediately at 134.51 kN by L–D interaction. This sections half-wave behavior is
same as previously section but fails by flanges deforming inwards. S1-800 shows six
half wave local buckling on the flanges at one side at 87.64 kN and the local buckling
at other side occurs at 107.07 kN and L–D interaction takes place at 122.76 kN and
the ultimate failure occurs at 135.89 kN.

Fig. 1 Emergence of local buckling S1-250
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Fig. 2 L–D interaction in S1-250

3.1.2 Section S2

S2-250 shows four half-wave local buckling at 34.48 kN and interaction takes place
at 52.15 kN (Fig. 2a shows emergence of local buckling S2-350) and undergoes for a
little displacement and it reaches the ultimate load failing at 54.47 kN. Two half-wave
local buckling on web portion occurs at 52.15 kN (Fig. 2b shows L–D interaction in
S2-350) just before the failure the section fails L–D interaction and flange buckling
inwards. Five half-wave buckling occurs at either sides of the flanges at 26.35 kN,
five half-wave occurs at web portion at 47.97 kN of S2-350 and by then interacts with
distortional mode at 54.42 kN and fails simultaneously. Similar interaction is found
on the S2-550 with moreover same half wave buckling effects with first occurrence
of local buckling on the flanges at 31.67 kN interacting with distortional at 55 kN
and fails by L–D interaction at 62.14 kN. S2-800 shows similar half-wave buckling
effects on the flanges at 31.67 kN but not similar as in the web portion two half-wave
local buckling occurs at 51.32 kN and interaction takes place at 55 kN and reaches
the ultimate load capacity at 64.17 kN.

3.1.3 Section S3

S3-250 shows emergence of the local buckling on the flanges with three half-wave
occurring at one side and four half waves on either side of the section at 29.94 kN.
The section goes on deformation and interacts with distortional at 45.64 kN and fails
at 51.43 kN with occurrence of two half-waves on the web. Four half wave local
buckling occurs on the either side of S3-350 at 33.39 kN and one half-wave local
buckling on the web at 47.19 kN and interacts with the distortional simultaneously
and ultimate reaches to 56.05 kN. S3-550 goes with occurrence of six half-wave
on one side and four half-wave at other experiencing local buckling at 28.14 kN
(Fig. 3a shows emergence of local buckling S3-550) and L–D interaction occurs at
48.723 kN and failure occurs at the ultimate load of 57.39 kN (Fig. 3b shows L–D
interaction in S3-550) with two half-wave local buckling on the web. Four half-wave
local buckling occurs at flanges and two half-waves local buckling on the web at the
same time at 45.52 kN of the section S3-800 and the distortional interaction takes
place at 49.03 kN and L–D failure occurs at 63.71 kN reaching its ultimate strengths
(Figs. 4, 5, 6, 7 and 8).
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Fig. 3 Emergence of local buckling S2-350

Fig. 4 L–D interaction in S2-350

Fig. 5 Emergence of local buckling S3-550

Fig. 6 L–D interaction in S3-550

3.2 Direct Strength Method

The specifications AISI S-100 and AS/NZ 4600 provide effective width method
(EWM) and direct strength method (DSM) based design procedures for design of
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cold-formed steel structural members. The DSM based design eradicates the limita-
tions that the traditional EWM have like complex effective width calculations and
unaccountability of web-flange juncture rotational stiffness for distortional buckling.
The DSM based design was first proposed by Schafer and Pekoz (1998), it adopts
Winter type strength curves to predict the nominal strength for columns and beams
that fail after L, D, G (flexural, torsional and flexural–torsional) and L–Gmode buck-
ling. The DSM strength curves are developed based on the elastic buckling stresses
obtained from finite strip analysis program and column strength data obtained from
various experimental tests. The DSM design of cold-formed steel members under
compression and bending depends only on the elastic buckling stress and the yield
stress values. The AISI S-100specification provides limitations to use DSM design
formembers based on the cross sectional shape and dimensions. The column sections
investigated in this paper have cross-sectional shape and dimensions within the spec-
ified limits and belongs to re-qualified columns category as per AISI S-100 for which
DSM design can be conveniently adopted. All the column sections considered in this
study have fixed ended boundary conditions and so the shift of effective centroid due
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to local buckling is neglected. As the equation prescribed by AISI to predict column
nominal strength for local buckling includes L-G interaction mode buckling, the
same equation is refined as given in Eq. (1) to calculate the column nominal strength
for local buckling alone. The equation to predict column strength for distortional
buckling as prescribed by AISI is given in Eq. (2).

for λl ≤ 0.776.

Pnl = Py.

for λl > 0.776

Pnl =
[
1 − 0.15

(
Pcrl
Py

)0.4
](

Pcrl
Py

)0.4

Py (1)

Pnd =
[
1 − 0.25

(
Pcrd
Py

)0.6
](

Pcrd
Py

)0.6

Py (2)

where

λl=
√

Py

Pcrl
(non-dimensional local slenderness ratio).

Pcrl= Critical elastic local column buckling load.
Py = Column squash load.
Pnl= Nominal strength of column for local buckling.

λd=
√

Py

Pcrd
(non-dimensional distortional slenderness ratio).

Pcrd= Critical elastic distortional column buckling load.
Pnd= Nominal strength of column for distortional buckling.

As the design specifications AISI S-100 and AS/NZ4600 do not provide DSM
column strength curve for columns failing under L–D interaction mode buckling
phenomenon, the DSM based design procedures available from literature which
includes interactive L–D mode buckling failure are used to calculate the nominal
strength of the columns. Schafer (2002) suggested EWM and DSM based strength
equations to include the various interactive modes buckling failure. Amongst them,
the DSM based strength equation for columns failing after L–D interaction mode
given in Eqs is adopted to calculate the nominal strength of the columns. Kwon et al.
(2009) based on their experimental tests results modified the nominal strength equa-
tion for medium-strength cold-formed steel columns failing after L–D interaction
mode buckling. The modified equation is given in Eqs. (3) and (4).

for λld ≤ 0.776.

Pnld = Pnd .

for λld > 0.776
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Pnld =
[
1 − 0.15

(
Pcrl
Pnd

)0.4
](

Pcrl
Pnd

)0.4

Pnd (3)

Pmnld =
[
1 − 0.2

(
Pcrl
Pnd

)0.4
](

Pcrl
Pnd

)0.4

Pnd (4)

where

λld =
√

Pnd
Pcrl

Pcrl= critical elastic local column buckling load.
Pnd= nominal strength of column for distortional buckling computed by equa-
tions.
Pnld= nominal strength of column for L–D interaction mode buckling.
Pmnld=modified nominal strength of column for L–D interaction mode buckling.

The DSM based column strength equation (NDL approach) to cater the L–D
interaction mode buckling is proposed by Silvestre et al. (2009) based on numer-
ical investigation of simply supported columns. The DSM based NDL approach
column strength equations are given in Eq. (4). Silvestre et al. (2012) based on their
numerical investigation of fixed ended lipped channel columns modified the DSM
based NDL approach. The DSM based column strength Eq. (5), includes the column
strength eroded by L–D interaction mode buckling, proposed based on the experi-
mental and numerical investigations conducted mostly on lipped channel and web
stiffened lipped channel column sections. Recently, Dinis et al. [8], Martins et al.
(2015) and Martins et al. [1] accessed the accuracy of strength predicted by NDL
and modified NDL approaches based on experimental tests (rack and lipped channel
column sections) and numerical investigations (lipped channel, web stiffened lipped
channel, rack, Zed, hat column sections). As mentioned earlier, the DSM strength
curves are explicit, as the column strengths are arrived purely on the basis of yield
and critical buckling stresses of the column section.

The literature studies concerning L–D interaction buckling failure insists that the
column sections investigated do not cover the entire possible ranges of the strength-
related parametric ratios and cross-sectional shapes, hence the explicit nature of the
proposed [14].

DSM column strength curves [15] need to be assessed by conducting further
studies (both experimental and numerical investigations) on a large amount of column
sections that cover wide ranges of strength related parametric ratios and various
cross-sectional shapes.

Pndl =
[
1 − 0.25

(
Pcrd
Pnl

)0.6
](

Pcrl
Pnl

)0.6

Pnl (5)

where

λdl =
√

Pnl
Pcrd

(non-dimensional D-L slenderness ratio).
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Pcrd= critical elastic distortional column buckling load.
Pnl= nominal strength of column for local buckling.
Pndl= nominal strength of column for D-L interaction mode buckling (Tables 3
and 4).

4 Conclusions

Numerical investigation on the post-buckling behavior, ultimate strength, and
comparison of ultimate strengths obtained by software with DSM design of fixed-
ended cold-formed steel web-stiffened lipped channel columns with L–D interaction
buckling is reported. The results obtained by numerical simulation with the software
are compared against the various approaches. The sections provided in the article
falls in L–D interactions and the failure occurs by the same effect. The current DSM
approach highly deviates from the numerical results obtained by ABAQUS overesti-
mating the ultimate strengths and a better method to be recommended for the sections
failing by L–D interaction effects. Pnld, Pndl and Pmnld approach results come nearby
giving moreover similar strength results. The above-mentioned approach shows far
better results with the numerical results comparable to Pnd , Pnl approaches.
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Table 4 Proportion of numerical results (FEA Pu) with Pnl , Pnd , Pnld , Pndl , Pmnld approaches

Specimen Fy (MPa) Failure
mode

FEA
Pu

Pnl /FEA
Pu

Pnd /FEA
Pu

Pnld /FEA
Pu

Pndl /FEA
Pu

Pmnld /FEA
Pu

S1 250 L–D 100.33 1.45 1.29 1.23 1.19 1.14

350 L–D 118.24 1.54 1.33 1.19 1.16 1.12

550 L–D 138.74 1.76 1.45 1.20 1.18 1.13

800 L–D 159.89 1.95 1.52 1.18 1.17 1.12

S2 250 L–D 57.07 1.10 1.40 0.86 0.95 0.83

350 L–D 64.26 1.21 1.50 0.86 0.98 0.83

550 L–D 66.53 1.56 1.82 0.97 1.12 0.94

800 L–D 75.76 1.73 1.92 0.95 1.12 0.92

S3 250 L–D 51.43 1.24 1.61 0.92 1.04 0.89

350 L–D 56.05 1.41 1.77 0.95 1.10 0.92

550 L–D 60.87 1.72 2.04 1.01 1.20 0.98

800 L–D 62.92 2.10 2.36 1.09 1.32 1.06

Mean 1.56 1.67 1.03 1.13 0.99

SD 0.30 0.32 0.14 0.10 0.12
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Experimental Investigations
on Mechanical Properties
and Morphological Analysis of Carbon
Steel Grade III Leaf Spring Steel

A. Anandha Moorthy, E. Prakash, S. Madheswaran, C. Sasikumar,
M. Vairavel, and R. Girimurugan

Abstract An attempt has been made to explore some mechanical properties of
the leaf spring steel material experimentally under stress-relieved cum shot penned
and shot penned cum sandblasted process. Effects of different mechanical treatment
process on mechanical characteristics of the leaf spring steel like surface hardness,
ultimate tensile strength and percentage of elongation were represented. A typical
morphological analysis also carried out to establish the microstructural changes in
the leaf spring steel material causes by mechanical treatments. The outcomes of this
research are exposed that the good improvement in mechanical properties of the
leaf spring steel material in shot penned cum sandblasted process. The experimental
results show that the percentage of elongation is very less in shot penned cum sand-
blasted processed leaf spring steel material due to the higher surface hardness. After
the mechanical treatment, the morphological analysis revealed that the huge signifi-
cant effect in the microstructures of leaf spring steel material due to the shot penned
cum sandblasted process.

Keywords Carbon steel ·Morphological analysis · Spring steel · Shot peening

1 Introduction

Heat treatment is a significant process to the automotive parts, as the mechanical
properties of metals can be enhanced by different behaviour throughout the process
[1–3]. There are different methods to perform heat treatment, such as shot blasting,
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shot penning. The heat treatment of automobile parts plays amajor role to enhance the
fatigue life of parts [4, 5]. Carburizing is a process which has a phase transformation
at cooling the substrate. Since this method is held at temperature which was the
steady phase of the steel that is austenite [6]. Now, the carbon content of the steel
surface is improved at phase conversion of the austenite into martensite which is the
phase that was having higher hardness and the wear resistance. The salt mixtures
formerly add 60–70% by weight NaCN and 30–40% KCN with a few percents of
carbonates Na2CO3 and cyanates NaCNO [7, 8]. At operation, a required level of
cyanate should be 45%. During the process, a chemical reaction is taking place.
Salt bath process led to an outer surface compound layer of g-nitride (Fe4N) and
e-nitride (Fe3N) which are not as brittle as z-nitride (Fe2N) and are used to enhance
the wear resistance, the friction properties and the resistance to corrosive of the steel
surface [9]. The formation of these layers is due to the reaction between oxygen-
saturated cyanates which are active compounds that were formed by aeration of the
bath which oxidized the cyanides and the steel surface [10]. A various advanced
methodologies have been established to improve the fatigue life of components, like
surface engineering, heat treatment, alloying additions, surface coating, etc., and the
shot blasting is a surface treatment process which attacks with millions of microshot
with a controlled process can be greatly their surfaces to make compressive residual
stresses [11]. The functional life of elements like engines, dynamic elements in
machines, cams, shafts and leaf springs dies can be improved by this procedure.
Shot blasting consists of an aggressive surface of a substance with different types
of shots. Generally, this is performed to report a specific exterior part to the parts
being shot blasted, like the rolls utilized to generate a two-dimensional finish [12].
Shot blasting is a methodology utilized to wash, reinforce (peen) or refine the metal.
The shot could be sand, tiny steel balls of different widths, particles of SiC and so
on. The residual compressive stresses were produced by this procedure into the film
structure; therefore, the hardness of coating and brittleness was improved [13–16].
There are two technologies used: wheel blasting and the other is air blasting. Specific
wheel blast machineries force plastic abrasive in a cryogenic space and are generally
utilized for deflating the elements of rubber and plastic. Sandblasting is a procedure
of utilizing compressed air to force abrasive grit at an elevated velocity on the parts
to eliminate the oxide layer or any additional impurities from the exterior part of a
material [17, 18]. As per the impacting influence of the abrasive sand, the exterior
part of the component is washed completely, and consequently, the characteristics of
surface and the mechanical performance are improved. Silica, which is also referred
to as quartz, is the most general category of sandblasting grit. It is virtuous for
sandblasting since the particulate matters are even in size, and it approximately
microscopic sharp edges of the specific particle make it very efficient for eliminating
material from the material being sandblasted.
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2 Materials and Methods

In this study, a carbon steel grade III leaf spring Steel was utilized as test material and
the chemical composition of the material is listed in Table 1. According ISO, sample
to be utilized for plate, bars and Sects. (5 mm thickness, 150 mm width and 300 mm
length). Forming, machining and drawing stimulate stresses in materials. A stress
relief operation is in general used to eliminate internal residual stresses that include
in the material. These stresses can source cracking, distortion and fatigue failures.
The stress relief process is carried by heating process in an induction furnace at
230 °C, and time duration of 30 min to attain the desired properties. Shot peening of
entire specimens was performed in similar resources equipped with rotating drum.
As soon as the procedure was submitted, the specimens are moved. The resources
‘hot spot’ was defined to be similar for entire circumstances. A single pass was
utilized for entire specimen machine functional current; turbine rotational velocity
and shot media phase in the basin were kept fixed in entire situations; to warrant that
entire procedure terms are similar, apart from the thickness of the shot media. An
image analyzer was utilized to define the shot peening coverage and was quantified
to be over 100% in entire situations, and this value was achieved previously in the
initial peening. The exact coverage was not quantified, but subsequently entire shot
peening circumstances are continuous; it is expected that specimen coverage is also
continuous.

In SEM, X-rays were produced in two stage. In the initial stage, the specimens
were stroke by the electron beam, and the portion of its energy is transferred into the
particles of the sample. The electrons of the atom utilize this energy and to ’jump’
with an energy shell with greater energy or being beaten from the particle. If this
changeover happens, the electron leaving a hole. The positive charge is present in
holes. In the second stage, the positively charged holes attracting negatively charged
electrons from the greater-energy shells. When there is an electron from this greater-
energy shell filled up a hole of the lower-energy shell, the energy disparity of this
change can be distributed as an X-ray. This X-ray encompasses energy that is typical
of the energy variance among those two shells. This will depend on the atomic
number, which is an exclusive feature of each component. In this method, X-rays
are a ’fingerprint’ of every single element and could be utilized to distinguish the
category of elements that occur in a specimen. The microstructure description was
performed on specimen that was cutting by utilizing an optical microscope from the
as-received stock of the titanium alloy. Themodels were placed in Bakelite and at that
time damp ground on gradually better grades of SiC-saturated emery paper bymeans
of abundant amounts of water both as a coolant and lubricant. Then, the ground spec-
imen was automatically polished by utilizing a five micron diamond solution. Well

Table 1 Chemical composition (wt%) of work material

C Si Mn Cr Ni

1.20% 1.44% 1.54% 23.20% 1.38%
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refining to an accurate mirror-like finishing of the exterior was attained by utilizing
the one-micron diamond solution as the lubricant. The refined specimen of every
single positioning was engraved by utilizing a reagent that is a combination of 70 ml
of water (H2O), 20 ml of hydrofluoric acid (HF) and 10 ml of nitric acid (HNO3).
The etched part of the refined specimens was detected in an optical electron micro-
scope and imaged by utilizing a typical optimistic field illumination methodology.
The mechanical characteristics of hardness of the material are suitably dissimilar as
the resistance attainable by the material to a slash, stable distortion and fracture was
studied by utilizing a Vickers hardness tester. The hardness test is a modest, informal
and non-destructive technique which is vital and normally utilized for evaluating
the mechanical characteristics of metals, their alloy parts and also for merged mate-
rials. The Nikon microscope was utilized to measure the measurements of Vickers
Hardness (HV) with clemex image analyzer by utilizing a 150 gm of indentation
load for 25 s of dwell time through Vickers tool indenter. The indenter (which is
produced with diamond) has a pyramidal geometry with square base with a 250° of
inclined angle. The machine creates an impression or indent, on the exterior part of
the specimen whose transverse dimension was calculated through an optical micro-
scope with low resolution. The number of Vickers Hardness (HV) is the proportion
of load applied to the exterior part of the indent.

3 Result and Discussion

Various mechanical properties of the untreated, stress-relieved cum shot penned and
shot penned cum sandblasted leaf spring steels are shown in Fig. 1 and 2. Fromfigure,
it was understood that the Vickers hardness and ultimate tensile strength (UTS) of
the leaf steel were improved for both the stress-relieving cum shot penning and shot
penning cum sandblasting process. It was found that the ultimate tensile strength
of the leaf spring steel is improved in shot penned cum sandblasted process. The
improvement in the hardness of the material is sophisticated in the shot penning
cum sandblasted materials. Unlikely, the percentage of elongation is very less in
shot penned cum sandblasted processed leaf spring steel and very high in untreated
leaf spring steel. The ultimate tensile strength (UTS) for every single material
was computed according to the examination of calculated Vickers Hardness (VH)
values. From the past literature, the relationship of UTS was expressed as UTS
= 9.81[H/2.9][n/0.217]n (n = Strain hardening index, n = 0.20 for medium carbon
steel,H =Vickers hardness). Themicrostructures of stress-relieved cum shot penned
and shot penned cum sandblasted leaf spring steels are shown in Fig. 3. As sample
shows well distinct strain-induced elongated fine grains of pearlite with traces of
ferrite. Also, there is no rupturing of grains or no alignment of grains along the
particular direction [19]. The microstructure was found to be quite uniform. The
microstructure of the untreated specimen mixture of pearlite (black) and ferrite
(white), while the morphology of the shot penned sample is demonstrated in Fig. 3.
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Fig. 1 Effect of mechanical treatment process on various mechanical properties for carbon steel
grade III leaf spring steel

Fig. 2 Effect of mechanical
treatment process on
elongation percentage for
carbon steel grade III leaf
spring steel

From figure, it was understood that the ferrite grains had experienced comprehen-
sive shot penning diameter of 1 mm with 10 min, and the distorted structure was
fully normalized and the final microstructure consisted well distinct strain-induced
elongated fine grains of pearlite with traces of ferrite. Summary of microstructure
of untreated and treated carbon steel grade III leaf spring steel material is listed in
Table 2.
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Fig. 3 a, bMicrostructure of carbon steel grade III leaf spring steel after stress-relieving cum shot
penning process at 100×magnification and 500×magnification. c, dMicrostructure of carbon steel
grade III leaf spring steel after shot penning cum sandblasting process at 100× magnifications and
500× magnification.

Table 2 Summary of
microstructure of untreated
and treated carbon steel grade
III leaf spring steel material

Treatment type Established microstructure

Untreated sample Ferrite and pearlite matrix

Stress-relieving cum shot
penning

Coarse grains of pearlite with
traces of ferrite

Shot penning cum
sandblasting

Fine grains of pearlite with
traces of ferrite

4 Conclusions

Mechanical properties and microstructure of carbon steel grade III- leaf spring steel
were examined from its sample by means of different treatment process. The subse-
quent points were demonstrated from this research. Both stress-relieved shot penned
and shot penned cum shot blasted might expose the greater ultimate tensile strength
and hardness than untreated leaf spring steel material. In the sample, hardness was
improved by the shot penned cum sandblasted process according to the improved
shot energy. Both stress-relieved cum shot penned and shot penned cum sandblasted
processed leaf spring steels having low elongation due to higher surface hardness.
The microstructure of all the process sample having fine grains of pearlite with traces
of ferrite. The results of the study have demonstrated a major consequence for the
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development of a new method of treatment of leaf spring made of carbon steel grade
III with the aim of increasing their service life and reliability.
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Degassing of Aluminum Metals and Its
Alloys in Non-ferrous Foundry

Bhaskar M. Reddy and Tamilselvam Nallusamy

Abstract In non-ferrous foundry, casting defects like microporosity and pin-hole
porosity are due to expel of dissolved gases like hydrogen during solidification
of castings from liquid stage to solid stage. These porosity defects significantly
affect the strength and pressure tightness of the aluminum components. For a sound
casting, the amount of dissolved gases present in the molten aluminum metal should
be less. Degassing is a perfect process for removing dissolved gases from molten
aluminum metal and its alloys. In this research, degassing of LM13, LM25, LM28,
L99, and L155was performed by passing nitrogen gas into rotary degassing chamber
at different treatment time. The amount of H2 ml/100 g available in the aluminum
alloys was measured after degassing by hydrogen gas analyzer and compared with
the minimal value. Nitrogen degassing reduced the quantity of H2 ml/100 g less than
the minimal value and made the aluminum alloys defect free.

Keywords Degassing · Pressure die casting · Casting defects · Porosity ·
Aluminum melting and non-ferrous foundry

1 Introduction

Aluminum metals and alloys are melted in different types of furnaces for casting
purposes. The input rawmaterials to the melting furnaces are the virgin ingots, scrap,
runners, risers, and foundry returns. There are different types of die casting process
such as gravity die casting, high pressure die casting, low pressure die casting, which
are widely used in non-ferrous casting industry [1–4]. Gravity die casting (GDC) is
a process in which aluminum alloy is melted in the melting furnace, and the molten
metal is transferred through the ladle and poured into the metallic mold. Here, the
cavity/mold is filled up under gravitational force of liquid metal and hence, the name
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Fig. 1 High pressure die
casting

gravity die casting. After the solidification of metal, the casting is removed from the
mold for further operations like cleaning, inspection, machining, etc.

Gravity die casting is widely used for casting medium and large size castings such
as fly wheels, cylinder heads, engine blocks, housings. The production rate of gravity
die casting process is low, and the wall thickness must be sufficiently large enough
for filling up of the cavity.

High pressure die casting process is a process in which aluminum alloy is melted
in the crucible furnace, and the liquid metal is poured in to shot sleeve by manual or
auto ladle [5]. The metal is injected into the metallic mold cavity with high velocity
and pressure. The pressure range in the order of 1000–1200 bars and hence the name
high pressure die casting process (Fig. 1). The cavity is filled up with in fraction of
seconds. The solidification time required is 3–30 s depending upon the size of the
casting. The strength and surface finish of the casting are high compared to gravity
die casting process. The initial cost of the machine and die is very high which can be
compensated with high production rate [6–8]. HPDC is widely used for production
of automobile engine components. Casting defects like gas entrapment porosity, pin-
hole porosity, microporosity, and shrinkage porosity is common in high pressure die
casting process.

In low pressure die casting process (LPDC), liquid metal is flows through the cast
iron or ceramic tube which is fitted to bottom of the die, and the tube is immersed in
the molten metal in the holding furnace [9]. By pressurizing the holding furnace with
air, argon, or nitrogen under low pressure, the molten metal rises through the ceramic
or cast iron tube and fills with the die cavity under low pressure of 0.3 bars (Fig. 2).
After solidification of metal in the die, the furnace chamber is depressurized, and
the die is opened along with casting [10–13]. The casting is released from the upper
die with the help of ejector mechanism. The casting is subjected further operations
like cleaning, inspection, machining, plating, painting, etc., low pressure die casting
widely used for casting alloys wheels, clutch plates, fly wheels, engine cylinder
heads, cylinder covers, and transmission cases. Here, also the defects like pin-hole
porosity, microporosity, shrinkage porosity, cold shuts are quite common [14].

Degassing process is very important process in today’s aluminum foundry to get
sound castings that are subjected tofluid pressure tightness and strength in automobile
and aerospace industries. In this paper, various methods like gravity die casting
(GDC), high pressure die casting (HPDC), and low pressure die casting (LPDC)
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Fig. 2 Low pressure die
casting

to reduce and control the dissolved gases in the molten aluminum before casting
processes are discussed.

Successful casting of aluminum alloys requires greater attention in melting of
metal and its alloys. The common furnaces used formelting alloys are liquid fired, gas
fired, electrical coil heater type, or induction furnaces. Molten metal easily absorbs
hydrogen from atmosphere, moisture-contained scraps, wet scraps, or moisture-
contained refractory linings [13]. The solubility limit of hydrogen in solid aluminum
alloys is very low so that the dissolved hydrogen gas is readily expelled from the
molten aluminum in the form of gas bubbles, macro porosity, and microporosity as
the alloy freezes. To achieve sound, high integrity, defect free castings, degassing of
molten aluminum alloys is highly essential before casting process [15].

The maximum solubility limit of hydrogen in molten aluminum is as high as
0.6 ml H2/100 g. This can be reduced to 0.2–0.3 ml H2/100 g with careful attention
and best melting practices. The degassing process entails successfully passing gases
like chlorine, argon, or nitrogen over the melt in order to weaken hydrogen quantity
approximately 0.1ml/100g. For several years,makinguseof chlorine gas byplunging
hexachloroethane degasser tablets through the melt is usual practice. Use of these
degasser tablets is prohibited in European countries with effect from April 1, 1998
due to environmental and health issue to the work men in foundries [16]. The liquid
and solid solubility limit of H2 is different for different alloy series. For example,
Al–Cu–Ni alloy have nil porosity at 0.32 ml H2/100 g for low silicon. Whereas high-
silicon Al–Cu–Mn alloy is free from porosity at 0.12 ml H2/100 g. In aluminum
foundry’s tablet type, degassing is replaced by argon or nitrogen gas degassing by
passing gas through specially designed graphite rotary impeller immersed in the ladle
or furnace which contains molten metal [17]. This rotary impeller rotates at the base
of melt and ensures even distribution of nitrogen gas which results in effective expel
of hydrogen gas.

The hydrogen in liquid metal comes from sources such as melting wet scrap, dirty
or damp foundry tools, damp fluxes, damp refractory, and crucible linings, water
vapor in burner fuels and moisture from atmosphere. The graph shows relationship
between temperatures of melt versus hydrogen content is shown in Fig. 3 [18]. To
reduce H2 pickup; crucible, foundry tools, refractories, wet scrap, oil scrap, and
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Fig. 3 Relationship between
temperatures of melt versus
hydrogen content [18]

ingots are thoroughly preheated to remove moisture. The melt temperature is kept
at low temperature since more H2 gets dissolved at high temperature of melts. The
excess hydrogen in the combustion products avoided by slight oxidation of burner
fuels. The amount of hydrogen gas content can be measured by using hydrogen gas
analyzer device [19].

Various methods are available to reduce and control the dissolved gases in the
molten aluminum before casting processes like gravity die casting (GDC), high
pressure die casting (HPDC), and low pressure die casting (LPDC). It also reveals
the sources for causing the gases dissolved inmelting of aluminummetal and alloys in
aluminum melting and casting foundry. In this research, degassing of LM13, LM25,
LM28, L99, andL155was performed by passing nitrogen gas through rotary impeller
at different treatment time and ladle size. The quantity of H2 ml/100 g present in the
LM13, LM25, LM28, L99, and L155 alloys was measured before and after passing
nitrogen gas inside the chamber and compared with the minimal value. Porosity
free castings can be produced with minimal hydrogen content of 0.15 ml H2/100 g.
Anything higher than 0.15mlH2/100 g results inmicroporosity and pin-hole porosity
in the castings.

2 Experimentation and Results

The equipment consists motor for rotating the specially designed graphite rotary
impeller, inert gas cylinder supply, and amechanism to lower down the rotary impeller
and to take up the rotary impeller from the base of the molten metal (Fig. 4).

For effective degassing, it is essentially a very fine stream of bubbles of dry inert
gases like argon or nitrogen which is generated at the bottom of molten metal and
is dispersed thorough out the metal. The temperature level of the liquefied metal
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Fig. 4 Rotary degassing mechanism

must be maintained as low as possible throughout the degassing process [17]. The
solubility limit of hydrogen is low at low temperature and vice versa. The operation
is started by slowly dipping down the rotary impeller to the base of the melt and
switching on motor and inert gas flow through the impeller. The rotational speed
of rotor is around 250–300 rpm, and this produces fine stream of inert gas bubbles
though out the melt [20]. The fine stream of bubbles rises through the melt and takes
away the dissolved hydrogen gases from the melt to the atmosphere as the bubbles
reaches the surface of the melt. The rising bubbles also take away the inclusions from
the melt to the surface, and it can be skimmed off (Fig. 5).

The equipment is designed as fixed degassing unit or mobile degassing unit based
on the service requirement. Themobile degassing unit is pushed around the shop floor

Fig. 5 Bubble formation, degassing mechanism
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Table 1 Typical analysis results of degassing of aluminum alloys

S. No. Alloy Ladle
size
(Kg)

Treatment
time (min)

Hydrogen content (ml/100 g)

Before After Minimal
[22]

1 LM 13:
Al-Si12Cu1Mg1

250 5 0.29 0.19 0.15

2 LM 25: Al-Si7Mg0.5 250 6 0.41 0.14 0.15

3 LM 28:
Al-Si8Cu1.5Mg1Ni1

250 10 0.29 0.19 0.15

4 L99: Al-Si7Mg0.3 250 7 0.24 0.12 0.15

5 L155: Al-Cu4Si1 90 15 0.23 0.11 0.15

and brought near to the furnace. The arm swung over the furnace, and the impeller is
lowered to the center and at bottom of themelt. The degassing operation is carried out
by switching on motor and inert gas. The treatment time, gas flow, rotational speed
are preset for givenmelt capacity, and the process is completed within 3–7min. After
degassing, the impeller is raised from the melt, and the unit is take away from the
furnace. All the slag and inclusions collected at the top of melt is skimmed off, and
the metal is ready for casting process (Fig. 5). The graphite rotor has life of 100–150
metal treatments based on the temperature of the melt. Melts of 500–1000 kg can
be treated within time span of 1.5–6 min with inert gas flow ranging from 6 to 18
L/min [21]. Foseco manufacturing and supplying both fixed and mobile degassing
units to aluminum foundries in India and abroad. The results of typical analysis of
degassing of aluminum alloys displayed in Table 1. The degassing is widely used
in gravity die casting, high pressure die casting, and low pressure die casting units
[22]. After degassing operation, the hydrogen content is significantly reduced and
results in porosity a free casting which improves strength and pressure tightness of
the aluminum castings.

3 Results and Conclusion

Casting defects like microporosity, pin-hole porosity are due to expel of dissolved
hydrogen gases during solidification of castings from liquid state to molten state.
These defects can be reduced by degassing of aluminum melt by with inert gases
like argon or nitrogen gas with help of degassing equipment. The time duration of de-
gassingprocess greatly influences the solubility concentrations of dissolvedhydrogen
gases in the melt. High degassing time results in fewer amounts of dissolved gases
in the melt. This results in porosity free castings. This research paper also gives the
hydrogen content before degassing and after degassing for different alloys. Porosity
free castings can be produced with minimal hydrogen content of 0.15 ml H2/100 g.
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Anything higher than 0.15mlH2/100 g results inmicroporosity and pin-hole porosity
in the castings.
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Design and Fabrication of Hybrid
Mobility Scooter

N. Ramachandran, R. Sivasubramanian, R. Palanivel, P. Nishanth Kalathil,
and B. Nirmal

Abstract The concept of design and fabrication of hybrid vehicle was mainly
intended for differently abled people and the elderly. It is a vehicle which is solar
powered by solar and electrical energy. This vehicle is an electric vehicle powered by
solar energy obtained from solar panels on the surface of the vehicle. Solar vehicles
are not practical day-to-day transportation devices at present, but are used as primary
demonstration vehicle and for engineering exercises. The battery is the energy storage
device which can store charge from single-phase 230 V wall socket or through the
solar panel. A BLDC motor is the prime mover, and it drives the vehicle with the
support of two wheels. This vehicle has the capability to carry weights up to limits
of 150 kg and can travel at speeds of 40 km/h. It is designed as user-friendly which is
free from pollution, and it is different from conventional vehicles. Our main motto is
to fabricate a vehicle which supports differently abled and elder people at the lowest
cost possible.

Keywords Hybrid · Cost efficient and user-friendly

1 Introduction

Most of the vehicles in the market today cause pollution, and fuel cost is also
increasing day by day. In order to compensate the fluctuation of the fuel cost and
the increasing levels of pollution, a sustainable mean of transport is required. This
vehicle is for a single person who has difficulty in going places such as differently
abled or elder people. A person with such difficulties will be able to drive the vehicle
without any dependencies. In order to reduce pollution and help these cases, this
vehicle is a feasible solution [1].
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2 Objectives

• It should be simple and easy to use.
• It should be durable and safe.
• It should be comfortable.
• It should be affordable.
• It should have low maintenance.
• It should have proper operating capabilities.

3 Components Used

The components used in fabricating of said vehicle are explained below.

3.1 Chassis

A chassis is the basic component of a vehicle on which other parts and subsystems
are fixed. It can also be called the backbone for any vehicle. The supreme objective of
a chassis is to provide support to the vehicle’s parts and body. It is meant to absorb all
loads acting on the vehicle while at rest or in motion with absolutely no deformation
or failure [2].

3.2 BLDC Motor

Brushless DC motors are highly efficient motors which are used for a variety of
applications. The reasons for their extensive use are good torque, efficiency, silent
operation and durability. The two distributions of the windings are sinusoidal and
distributed [3]. A distributed winding has a trapezoidal back EMF, and a sinusoidal
winding would have a sinusoidal back EMF. The commutation of a BLDC motor is
controlled by electrical signals. In order to make sure, the motor controller energizes
coils in a correct order; implementation of Hall sensors helps in determining the way
the rotor is positioned [4].

3.3 Lead–Acid Battery

Lead–acid batteries are the common large-capacity rechargeable batteries. They are
very popular because they are dependable and inexpensive on a cost-per-watt basis.
There are other batteries that deliver bulk power as cheaply as lead–acid, and this



Design and Fabrication of Hybrid Mobility Scooter 647

makes the battery cost-effective for automobiles, electrical vehicles, forklifts, marine
and uninterruptible power supplies (UPSs) [5].

3.4 Controller

TheDRV8307 is a three half-bridge pre-driver which drives sixN-typeMOSFETs 30
mA with single power supply. Aimed at censored three-phase brushless DC motors,
the DRV8307 is driven by a single PWM input and supports integrated commutation
logic with all three Hall sensor inputs [6]. A separate 5-V regulator is included to be
used to power Hall effect sensors and for external components also. The DRV8307
normally includes a current sense input for current limiting and protection. The
current limit should be set by adjusting the value of RISENSE sense resistor [7].
Motor operation is controlled by the ENABLE terminal. If the ENABLE terminal is
set high and motor rotation has stopped, the device enters into a low-power standby
state, thereby conservation of overall system power during periods of inactivity
[8]. Protection features are included in the DRV8307 device such as locked rotor
detection, overcurrent and over-temperature protection and under-voltage lockout to
bolster overall system robustness and reliability [9].

3.5 Solar Panel

Solar energy from the sun’s rays is converted into electric energy by photovoltaic
cells present in the solar panel using photovoltaic effect. The photovoltaic cells are
crystalline silicon structures of very thin cross section. Photovoltaic cells are fragile
and should be kept safe from any sort of physical damage andmoisture [10]. The cells
are available in rigid and semiflexible types. The connection between consecutive
cells is always done in series. The photovoltaic cells use MC4-type connectors to
create an all-weather usable circuit completing the system.All connectionswithin the
modules are in series in order to achieve required output voltage. Magnetic or non-
magnetic conduction materials present in wires are used to remove current passing
through the cells [11].

3.6 Accelerator

The accelerator operates exactly as amotorcycle throttle.As the accelerator is twisted,
according to the signals sent from the accelerator the motor rotates and moves the
vehicle forward. These are very easy to use. To use the accelerator, the user holds the
throttle and turns it anticlockwise [12]. The accelerator is connected to a controller.
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The speed of the motor is directly proportional to the amount of twist on the electric
throttle. Care must be taken while operation as throttle is sensitive [13].

3.7 Solar Panel Mounts

Solar panels include bracket to be fixed onto any existing structure since this is a
new design, mounts of the solar panel and structures to mount them on to the vehicle
were custom designed and fabricated to suit our requirements. These mounts were
designed in such away that the panel acts as a roof of the vehiclewhile beingmounted
in such a manner that it has maximum exposure to sunlight whenever available. The
mounts are designed to act as an extra safety measure in case of any impact.

3.8 Driving Wheel and Balancing Wheels

The vehicle is a three wheeler; hence, one is for driving and two balancing wheels.
The driving wheel houses the BLDCmotor inside its hub and is mounted at the front
in order to achieve better starting torque as it is easier to pull rather push a load. The
driving wheel has a diameter of 450 mm. In the rear, two wheels are positioned at
two ends of the chassis of 210-mm diameter each [14].

3.9 Suspension

The vehicle was designed for outdoor travel on the streets and roads. This means
the vehicle will endure bumps and potholes while driving in order to minimize this
impact on the driver coil over suspensions are used on all three wheels on the vehicle
the front uses tube forks with shock absorbers, while the rear two wheels each have
their own coil spring shock absorbers. The front and the rear suspension setups work
in tandem to improve riding comfort and stability [15].

4 Fabrication Methodology and Material Selection

4.1 Fabrication Methodology

The methodology used for fabricating hybrid mobility scooter is shown in Fig. 1.
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Fig. 1 Fabrication
methodology

4.2 Selection of Materials

The material chosen should have the required characteristics for the design. The
different criteria which were up to the mark are: strength, shelf life, rigidity and
so on. Exclude these external factors such as availability, cost, machinability and
fabrication costs, which in most cases are decisive factors while choosing materials
(Table 1).

5 Parts Fabricated

5.1 Chassis

The chassis is fabricated with stainless steel hollow circular members. The proce-
dure commences with modifying the rods and plates into required lengths, and then
bent to actual design angles. To fasten the frame and other components, drilling is
done according to the design. Arc welding is done to join the members and plates
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Table 1 Bill of materials Part name Material Quantity

210-mm tire and tube Rubber 2

450-mm tire and tube Rubber 1

BLDC motor with wheel hub – 1

Solar panel—75 W Aluminum 1

Wheel rims Zinc-coated
Mild steel

2

Bearing Alloy steel 6

Suspension Alloy steel 3

Swing arm Mild steel 1

12 v, 7AMPH battery – 4

Controller Plastic 1

Seat Plastic 1

Twist throttle Plastic 1

Screw Steel As req

Nut Steel As req

Washer Steel As req

Bolt Steel As req

Panel mounts Mild steel 4

together. Bushes are made up of hollow mild steel cylindrical members. Small and
equal lengths of the members are cut and converted into bushes for required use
by operations like milling, boring, drilling, reaming, etc. Arc welding is performed
to join all separately fabricated components together, thus finally completing the
chassis.

5.2 Solar Panel Mounts

They are mild steel rods of L-cross section which is cut into required length and then
bent to the required angle at which the solar panel should be. Once bent, holes are
drilled of required diameter and fastened into the vehicle base using fasteners.

5.3 Housing Unit

The housing unit consists of the power pack, the controller, the charging and
discharging circuit, the solar circuit, and all necessary wiring. The housing unit was
fabricated using stainless steel plates by cutting the plates using gas cutting machine
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according to the design and then welded in the shape of a rectangular box on the
base below the passenger seat using arc welding.

5.4 Storage Bay

It is made up of high-grade steel. It is attached to the vehicle to carry everyday
necessities of the user around along with extras such as groceries and pets; it is
made of high-grade steel and in the form of a basket usually found on cycles. It
was fabricated by cutting and welding pieces of different length steel rods of small
diameter to form a skeleton; then, a wire mesh of aluminum was wrapped on 3 sides
leaving the top open and welded to the skeleton, thus forming the storage bay.

5.5 Handle Bar

It is constructed using stainless steel members. Its primary function is to maneuver
the vehicle. It is fabricated as a single hollow rod with a T-shaped extension for
mounting the handle bar onto the steering column bearing of the vehicle.

6 Working Principle

The working principle of “design and fabrication of hybrid mobility scooter” is as
follows: The vehicle is driven bymeans of motor. Here, the motor is the primemover.
The brushless direct current (BLDC) motor is used. The prime mover is supplied
power from a 42-V lead–acid battery, and the circuit is controlled by a controller.
The lead–acid battery is a secondary battery, and it is able to sustain to the vehicle
for speeds up to 40 kmph. While running of vehicle on roads, it obtains charge from
the solar panel and the charge generated is controlled by the charge controller. The
battery and controller setup is placed in the housing unit. The key is turned, and the
supply passes from the battery to the BLDC motor through the controller. BLDC is
prime mover which operates by minimum resistance path and through which high
initial torque can be obtained. Once the key on the circuit is closed and current flows
from the battery to the BLDC motor via the controller. The controller varies the
current flowing to the BLDC based on signals sent to it by the twist throttle in the
right-hand side of the handle bar. The rear wheels are the supporting wheels for the
chassis, and the suspension is provided for both the wheels. The front wheel has the
prime mover and the braking inside the wheel hub. Braking system uses drum brakes
with shoes for easy maintenance and dependability (Figs. 2 and 3).
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Fig. 2 Front view of hybrid
vehicle

Fig. 3 Rear view of hybrid
vehicle
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7 Applications

It can be used by all people for everyday commutes. It can be used to help people
with walking difficulties to move around. It can be used in crowded cities to avoid
traffic congestions and to avoid pollution.

8 Conclusion

As described in the above note, the hybrid mobility scooter is a vehicle which can
help people with moving challenges and suit their individual needs without extensive
modification.
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Optimization of Process Parameters
to Reduce the Green Sand Casting
Defects

M. Nandagopal, K. Sivakumar, M. Sengottuvelan, and S. Velmurugan

Abstract In this work, themold-related sand casting defects areminimized by using
the Taquchi optimization technique. The parameters considered are water content
percentage, green compression strength (GCS), hardness of the mold, and molding
sand particle size. The L9 orthogonal array is used to conduct the experiments. The
outcome of this work leads to the sand casting foundrymen to select the suitable level
of process parameters to produce good quality castings. The improvement expected
is around 8–10% reduction in mold-related casting defects.

Keywords Sand mold · Casting defects · Sand casting and Taguchi technique

1 Introduction

Green sand casting is one of the most widely used manufacturing processes.
Depending upon the requirements, casting having various complex shapes and sizes
can be easily manufactured in sand casting process. The steps involved in the sand
casting process are pattern making, mold and core preparation, melting and pouring
of the molten metal, and fettling. The major causes of casting rejections are due to
improper design of gating system, poor mold quality, and improper fettling of the
castings.

The quality of the products is more important in all manufacturing processes. The
casting rejection is more in sand casting process due to more process parameters.
In sand casting foundries, the total casting rejection rate is around 7–8%. The 35–
50% of the total casting rejections is only due to the poor condition of the mold.
The mold-related casting defects are occurring due to improper sand properties and
mold preparation. Many researches optimized the foundry process parameters, and
their result shows that the poor quality of the casting is due the uncontrollable mold
preparation process variables.
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Many researches were carried out to improve the quality of the sand casting
by using optimization techniques, casting analysis software, and quality control
tools [1] such as Ishikawa diagram, Pareto-Lorenzo’s analysis. Apart from sand
casting process parameters optimization, many researchers tried to optimize the
process parameters of the other casting process like pressure die casting, centrifugal
casting, and investment casting [2, 3]. The sand casting process parameters such
as compression strength, moisture, permeability, mold hardness, solidification time,
metal temperature, filling time, and sand particle size are optimized using Taguchi
optimization technique [4–7].

The sand casting defects are analyzed by using other methods such as non-
destructive testing and the genetic algorithm optimization technique [8, 9]. Apart
from process parameters, cast iron chemical composition also optimized by few
researchers [10]. The most commonly occurring sand casting defects such as blow-
holes, porosity, shrinkage, hot tear, and lumps are analyzed by many researchers [11,
12]. Case study researches [13, 14] were also carried out to improve the quality of
the cast iron cylinder block and housing. The optimization techniques are also used
to optimizing cutting conditions in single pass face milling for minimum cutting
energy, time, cost, and surface roughness [15].

The literature review results show that nearly 40–50% of the casting defects are
occurring only due to the poor quality of the mold. The most commonly occurring
defects are shown in Fig. 1.Hence in thiswork, the process parameters influencing the
quality of the molds are considered for optimization. Taguchi optimization is a very
useful problem-solving technique to improve the casting quality and productivity.
The process parameters such aswater content percentage,GCS, hardness of themold,
and molding sand practical size are optimized in this work by using the Taguchi
optimization technique.

Fig. 1 Casting defects
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2 Methodology and Experimentation

The objective of this paper is to optimize the sand casting major process parameters
such as water content percentage, GCS, hardness of the mold, and molding sand
practical size. The experiments for the optimization of sand casting process param-
eters are carried out in a jobbing foundry in South India. The Taguchi optimization
technique and L9 orthogonal array are selected for this work. Themethodology of the
work is shown in Fig. 2. Based on standards, significant interactions, and foundry
men past experiences, three levels are selected for each process parameters. The
parameters, along with their ranges, are given in Table 1.

Identify the sand casting defects for optimization.

Collecting the greensand casting defects details

Analyze the casting defects

Identify the influencing process parameters and select the suitable 
orthogonal array

Conduct experiments using Taguchi optimization technique to reduce 
the defects 

Results analysis and conclusions

Fig. 2 Methodology

Table 1 Range and levels of process parameters

Parameter Range Level 1 Level 2 Level 3

Water content (%) 3.0–4.0 3.0 3.5 4.0

GCS (g/cm2) 1250–1650 1250 1450 1650

Molding sand particle size (AFS number) 50–60 50 55 60

Hardness of the mold (number) 60–80 60 70 80
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Table 2 Experimental array

Trail number Water content (%) GCS (g/cm2) Molding sand
particle size (AFS
number)

Hardness of the mold
(number)

1 3.0 1250 50 60

2 3.0 1450 55 70

3 3.0 1650 60 80

4 3.5 1450 55 80

5 3.5 1650 60 60

6 3.5 1250 50 70

7 4.0 1650 60 70

8 4.0 1250 50 80

9 4.0 1450 55 60

2.1 Quality Characteristics

The most commonly occurring sand casting defects due to poor quality of mold are
monitored and recorded. The objective function is (Eq. (1))

Smaller is better = −10∗ log 10
(
sum

(
Y ∗∗2/n

))
(1)

The experimental array detail is shown in Table 2.

2.2 Experiment Results and S/N Ratios

The experiments are conducted three times for the same set of parameters. The casting
defects occurring in each trial conditions are recorded. The average casting defects
and S/N ratio are calculated using Eq. (2) and shown in Table 3. The molds prepared
for the experiments are shown in Figs. 3 and 4.

η = −10 log
[(

ε2iy
)
/3

]

= −10 log
[(
6.12 + 5.22 + 6.82/3

)]

= −15.56 (2)
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Table 3 Experimental results and S/N ratio

Trial number Experimentation results—percentage of defects Average value S/N ratio

1 2 3 Total

1 6.1 5.2 6.8 18.1 6.033 15.560

2 5.2 4.4 5.2 14.8 4.933 13.888

3 7.3 5.8 7.6 20.7 6.900 16.833

4 3.9 3.4 3.1 10.4 3.467 10.840

5 6.4 4.8 7.4 18.6 6.200 15.975

6 7.2 6.7 6.1 20.0 6.667 16.500

7 6.8 4.3 6.2 17.3 5.767 15.364

8 3.2 7.3 4.7 15.2 5.067 14.555

9 3.1 3.9 2.7 9.7 3.233 10.294

Fig. 3 Experimental molds

3 Conclusion

The literature review shows that nearly 40–50% of the casting defects are occur-
ring only due to the poor quality of the mold. Hence in this work, four important
sand casting process parameters are optimized to improve the mold quality using
Taguchi optimization technique. The Taguchi optimization results show that the
optimal condition of the process parameters is

Water content—level 2–3.5%
GCS—level 2–1450 (g/cm2)
Molding Sand Particle Size—level 1–50 (AFS Number)
Hardness of the mold—level 3–80 (Number).
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Fig. 4 SN ratio plot

From the above-optimized value, the improvement expected is 8–10% reduction
in mold-related casting defects. The optimized process parameters not only reduce
the casting defects, also improve the casting surface finish, dimensional accuracy,
and castings rework.
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Optimization of Welding Parameters
in CMTWelding of Al 5083

S. Suryaprakash, S. Vishal, M. Sethu Raman, S. Rajendra Kumar, M. Umar,
and T. Deepan Bharathi Kannan

Abstract In this article, an attempt is made to identify the optimized parameter
combination in cold metal transfer (CMT) welding of aluminium 5083 using tech-
nique for order of preference by similarity to ideal solution (TOPSIS) optimization
technique. Welding was carried out based on L9 Taguchi array with current (A),
welding speed (B), and frequency (C) as input parameters. The quality of weld
was assessed by measuring the depth of penetration, bead width, reinforcement and
heat affected zone (HAZ) width. From the TOPSIS optimization method, it was
identified that A1B2C3 as the optimized parameter combination. Analysis of vari-
ance (ANOVA) was used to identify most influential factor on the overall objective
function and it was found that welding speed controlled the weld geometry to the
maximum extent.

Keywords Cold metal transfer welding process · Al5083 · Technique for order of
preference by similarity to ideal solution · Analysis of variance

1 Introduction

Aluminium 5083 alloys have wide range of industrial applications and play a major
role in all industries due its high strength-to-weight ratio and lesser density. Al
5083 also has very good structural integrity despite its lesser weight. Al 5083 are
highly preferred in the manufacture of automotive components, ship building, and
aerospace components due to its high corrosion resistance and good formability [1].
In the process of manufacturing industrial components using Al alloy 5083, welding
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is preferred in the areas of complicated shapes. Till now, welding of Al 5083 is
explored using tungsten inert gas welding [2], laser beam welding [3] and also using
solid-state welding process such as friction stir welding processes [4].The main
problems associated with welding of Al 5083 are the formation of hot cracks and
reduction in the properties that was obtained through work hardening [5]. Excessive
heat input supplied during the conventional arc welding process is one of the major
reasons for the weld property reduction. One of the ideal options to reduce the heat
input is the usage of advanced arc welding processes such as pulsed TIG welding
and CMT welding processes [6].

Fronius ofAustria developedCMTprocess in the year 2004 as an advancedversion
ofmetal inert gaswelding processwhich has the capability toweld at lower heat input,
with controlled metal deposition. CMT welding process is preferred for both similar
and dissimilar weldings. CMT welding process works under short-circuit mode and
at low current, voltage ranges. The quality of the CMT weld mainly depends on
the parameters such welding speed, current, frequency, and the filler wire feed rate
[7]. Owing to the process nature of CMT, it would be an ideal option for joining
Al alloys. Gungor et al. [8] welded Al 5083 using CMT process and the authors
were able to obtain weld with good joint efficiency even at higher welding speed.
One of the main challenges in the application of new processes to any material is
the identification of optimized parameters. Identification of optimized parameters by
trial and error method is time consuming and laborious.Multi-objective optimization
technique would come in handy for the identification of optimized parameters in
any manufacturing processes. Grey relational analysis (GRA), TOPSIS are some
of the few examples of multi-objective techniques which are widely preferred in
the manufacturing processes. TOPSIS is a multi-criteria decision-making analysis
which was developed by Ching-Lai Hwang and Yoon in the year 1981 [9] and further
developedbyYoon inyear 1987 [10].DeepanBharathiKannan et al. [11] successfully
used TOPSIS optimization techniques for identifying the optimized parameters in
laser welding of NiTinol shape memory alloys. Mahidhar et al. [12] successfully
determined the optimized parameters in laser welding of Hastelloy C-276. Sampreet
et al. [13] welded Ti-6Al-4V using Nd: YAG laser welding process and successfully
found the optimized parameters using TOPSISOptimization. Laser power was found
to be the most influential parameter on the overall weld quality. Srirangan et al. [14]
welded Incoloy 800HT using gas tungsten arc welding and found using TOPSIS that
optimized parameter was within the L9 taguchi array. The authors recommended
the usage of TOPSIS for all the manufacturing processes owing to its simplicity.
Sudhagar et al. [15] compared the results of TOPSIS andGRA in friction stir welding
process. The authors found that the optimized parameter combination identified by
both GRA and TOPSIS was same.

From the above literatures, it is understood that only fewworks are explored in the
CMTwelding of Al 5083 alloys. It is also understood that TOPSIS is one of the ideal
multi-objective optimization techniques for identifying the optimized parameters in
any manufacturing processes. No visible literatures related to the optimization of
welding parameters in CMT welding of Al 5083 were found. Hence, in this work,
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an attempt is made to weld Al 5083 using CMT welding process and use TOPSIS
for identifying the optimized welding parameters.

2 Materials and Methods

2.1 Experimentation

Al 5083 plates of thickness 3mmwas used in this work and the chemical composition
of the same is presented in Table 1.

Butt joints were made using CMTweldingmachine and the picture of the welding
is depicted in Fig. 1.

Three levels of current, welding speed, and frequency were used in this work and
the corresponding values are presented in Table 2.

Table 1 Material composition

Elements Si Fe Cu Mn Mg Cr Ni Zn Ti Al

Composition 0.12 0.4 0.02 0.94 4.57 0.06 0.01 0.02 0.027 Bal.

Fig. 1 CMT 6-axis machine

Table 2 Levels of input
parameters

A (A) B (mm/min) C (Hz)

60 200 0.5

65 225 1

70 250 1.5
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Table 3 Input and output parameters

A (A) B (mm/min) C (Hz) Depth of
penetration
(mm)

Reinforcement
size (mm)

Bead
width
(mm)

Heat affected
zone (mm)

60 200 0.5 4.295 1.895 6.474 0.884

60 225 1 4.239 2.41 6.427 0.889

60 250 1.5 3.815 2.52 5.858 0.915

65 200 1 3.672 2.552 7.690 0.799

65 225 1.5 4.387 2.293 6.877 0.679

65 250 0.5 3.63 2.017 6.983 1.255

70 200 1.5 3.991 2.139 8.156 0.835

70 225 0.5 4.248 2.071 8.442 0.826

70 250 1 3.861 2.165 6.809 1.017

ER5356 wire of diameter 1.2 mm was used as filler wire and the wire feed rate
was maintained at 1600 mm/minute. Argon gas at a constant flow rate of 14.6 L/min
was used as shielding gas. The input parameters along with the output parameters
obtained in this work are presented in Table 3.

For micro-analysis and macro-analysis, the specimens were polished in two
stages: rough and fine polishing; rough polishing was done by using emery seats of
different grit sizes such as 400, 600, 800, 1000, 1200, 1500, 2000. The rough-polished
specimens were fine polished using hiffin spray and diamond paste. Followed by fine
polishing, Keller’s reagent which is the mixture of 6 ml HNO3 and 2 ml HF with
92 ml deionized water was used as etchant. The etching separated the welded and
base surface for easy identification of the surfaces.

The etched surfaceswere then observed using 2DOLM-visionmachine formacro-
analysis to find the depth of penetration, bead width, reinforcement and heat affected
zonewidth. Themicrostructure of the optimizedweldwas taken using upright optical
microscope.

2.2 TOPSIS

TOPSIS is multi-criteria decision making method used to solve decision-making
problems. It gives a solution closer to the ideal solution based on the parameters we
get based on experiment done and farther to the less ideal or negative ideal solution.
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3 Result and Discussion

3.1 Optimization Technique

The steps involved in TOPSIS analysis are as follows:

Step 1: The first step involves the normalization of the attributes.
The formula for calculating the normalized values is given by Eq. (1)

Nxy = Axy/
(∑

A2
xy

)
where x = 1 . . . n; y = 1 . . .m (1)

Step 2: The weights are allocated based on the importance given to each output
parameters. In this work, equal weights are given to all the output parameters and
hence the weight is chosen as 0.25.
Step 3: Weighted normalized values are calculated by multiplying each column
of normalized attributes with their respective weights. The weighted normalized
values are calculated using Eq. (2)

Pxy =QyRxy (2)

Normalized and Weighted Normalized values are calculated and the corre-
sponding values are presented in Fig. 2.
Step 4: Determination of positive ideal and less ideal solutions based on the
weighted normalized table values where Z+ is idealized values and Z− is negative
idealized values which are found using Eqs. (3) and (4), respectively

Q+ =,
{
Z+
1 , . . . , Z+

x

}
where Z+

y = {max(ZXY ) if y ∈ Y ; min (ZXY ) if y ∈ Y ′}
(3)

Q− = {
Z−
1 , . . . , Z−

x

}
where Z−

y = {max (ZXY ) if y ∈ Y ; min (ZXY ) if y ∈ Y ′}
(4)

The positive ideal and negative ideal values after calculation are given in Table 4.
Step 5: This step helps in determining the separation from the ideal value.
The separation from the ideal alternative is given by Eq. (5)

B+
x = [

�
(
Z+
y − Z+

xy

)
2
]0.5

where x = 1, . . . , n (5)

Similarly, the separation from the negative ideal alternative given by Eq. (6)

B−
x = [

�
(
Z ′
y− Z ′

xy

)
2

]0.5
where x = 1, . . . , n (6)
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Fig. 2 Relation between normalized and weighted normalized matrix

Table 4 Positive ideal and negative ideal values

Z+ 0.090843 0.070512919 0.0685156 0.061995

Z− 0.075168 0.094959878 0.0987383 0.114586

The values which are obtained from these equations are tabulated and presented
in Table 5

Table 5 Separation measure B+ B−

0.020147 0.049644

0.028081 0.043117

0.033845 0.043511

0.037364 0.042562

0.019010 0.058647

0.056615 0.026220

0.032787 0.042116

0.033834 0.044926

0.035996 0.032669
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Table 6 Relative closeness
value

VX Rank

0.711327 2

0.605591 3

0.562478 5

0.532521 7

0.755207 1

0.316533 9

0.562276 6

0.570415 4

0.475773 8

Step 6: Calculation of relative closeness and the same is calculated using Eq. (7)
and tabulated in Table 6

VX = B−
X /

(
B+
X+B

−
X

)
(7)

From Table 6, it is understood that experiment number 5 has the highest relative
closeness value. The graph showing the relative closeness value with respective the
closeness value is shown in Fig. 3.

Mean response table values were calculated based on relative closeness value and
the same is presented in Table 7.

FromTable 7, it can be inferred that AlB2C3 as the optimized parameter combina-
tion. The optimized parameter combination does not come inside theL9 combination.
Hence, confirmation test is done based on the optimized parameter combinations in
order check the prediction accuracy of the TOPSIS technique.

Fig. 3 Experiment number versus relative closeness
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Table 7 Response table

Symbol Input parameters 1 2 3 Optimum level Max–Min Rank

A Current 0.62647 0.53475 0.53615 A1 0.09031‘ 3

B Speed 0.60204 0.64374 0.53795 B2 0.17214 1

C Frequency 0.53276 0.53796 0.62665 C3 0.09390 2

Table 8 Initial and optimal
values comparison

Setting level Initial value Optimized parameters

Prediction Experiment

A1B1C1 A3B1C2 A3B1C2

Depth of
penetration

4.387 – 4.8

Reinforcement 2.293 – 2.18

Bead width 6.877 – 6.69

HAZ 0.679 – 0.58

Closeness value 0.7552 0.7653 0.7879

3.2 Confirmation Test

The predicted relative closeness value of the optimized parameter combination is
calculated using Eq. (8)

E = Ex +
Y∑

X=1

(Ez− Ex ) (8)

where Eq is the average of the closeness values, Ez is the values of the optimized
repose matrix values, and y is the number of parameters used for welding. The
comparison between the initial and optimum values is done and tabulated in Table
8.

The predicted and confirmation test relative closeness values are good in
agreement with each other and the percentage difference was found to 2.95% only.

3.3 Anova

Anova was used to find the most influencing parameter on the overall objective
function. The values that are obtained from ANOVA are tabulated in Table 9.

From Table 9, it could be observed that welding speed is the most influencing
parameter on the overall objective function followed by equal importance for both
current and frequency.
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Table 9 Significance of the parameters from ANOVA

Source DF Adj SS Adj MS F-value P-value

A 2 0.01657 0.008284 0.47 0.682

B 2 0.06129 0.030646 1.73 0.366

C 2 0.01671 0.008355 0.47 0.680

Error 2 0.035446 0.017729

Total 8 0.13003

Fig. 4 Optimized weld macro- and microstructure

3.4 Metallurgical Aspects of the Optimized Weld

The macrostructure and microstructure obtained after welding the specimen is given
in Fig. 4, respectively.

The microstructure of the optimized weld contained main matrix (α) and Al3Mg2
(β).β phasewas found to be evenly distributed. The presence of uniformly distributed
β phase particles acts as a hindrance during plastic deformation and hence improves
mechanical properties of the weld joint. Optimized weld was free from defects such
as porosity due to the proper shielding from atmospheric contaminations.

4 Conclusions

Al 5083 plates were successfully welded using CMT welding process and the
following observations were made.

The full penetration was seen in all the nine welding trials. TOPSIS optimization
techniquewas successfully used for predicting the optimized parameter combination.

The optimized parameter was outside L9 Taguchi array and the confirmation test
was performed. The predicted and confirmation test results were in good agreement.
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Welding speed was found to be the most influencing factor on the overall multi-
objective function. Microstructure of the optimized revealed the presence of α and
β phases.
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Effect of Cyclic Annealing on the Grain
Size of Low-Carbon Steel:
An Image-Processing Approach

K. Gajalakshmi and S. Saravanan

Abstract In this study, low carbon steel (LCS) plates are subjected to cyclic
annealing (repeated heating above 910 °C for 30 min followed by furnace cooling),
and the variation in microstructure, number of grains and its average size, is deter-
mined. The number of grains increases with the annealing cycle, as the grains splits
to form newer grains. Similarly, the pearlite concentration, in the low-carbon steel,
augmentswith the annealing cycle. Further, an attempt ismade to automatically count
the number of grains in the cyclic annealed LCSmicrostructure by employing image-
processing techniques, viz. Canny edge detection and Otsu threshold. The coding for
the image-processing algorithms was developed in MATLAB platform. The devia-
tion in the number of grains between the proposed image-processing method and the
manual three-circle method is less than 10%. Of the two image-processing methods,
Canny edge detection achieves a closer prediction (less than 2%).

Keywords Cyclic annealing · Grain size measurement · Image processing

1 Introduction

Low-carbon steel UNS 10180 (LCS) is extensively employed in water, air and
moderate-temperature industrial environments, in the form of plates and tubes.
During operation, LCS sheet and pipes are often subjected to repeated heating and
cooling, thereby a systematic change in the grain boundaries and the average size
of grains results. This behavior influences the mechanical and corrosion properties
of the low-carbon steel [1, 2]. Sahay et al. while attempting short duration cyclic
annealing (5 min) reported the acceleration of bainite grains in 1080 steel [3]. Like-
wise, Saha et al. reported the variation in microstructure and mechanical properties
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Table 1 Chemical composition (wt%) of low-carbon steel UNS G10180

Specimen Cu C Si Mn P S Fe

UNS G10800 0.6 0.2 0.6 0.6 0.04 0.50 Bal

of low–, medium- and high-carbon steel during cyclic annealing [2, 4, 5]. In another
study, Lu et al. attempted cyclic annealing of medium-carbon steel up to 12 cycles,
and concluded that the strength of the steel reduces after 5 cycles [6]. Recently, Zhai
et al. attempted cyclic annealing of amorphous alloys and reported deterioration of
magnetic properties at higher annealing cycles [7]. In a different attempt, Mandal
et al. concluded that the wear behavior and strength characteristics of cyclic annealed
white iron samples are higher than continuous annealing samples [8].

With respect to the grain size measurement in metals, metallurgists manually
determine the average size of grain by various methods, viz. intercept, planimetric
and three-circle method [9, 10]. Manual grain size measuring methods consider the
grains prevailing in a particular region or grains intersecting a rectangle or a circle of
known radius, ignoring the other section of the microstructure. Further, the accuracy
of the manual grain size measurement depends on many factors, viz. surface irregu-
larities, lighting condition, ability of the microscope and external factors, viz. visual
condition, tiredness, distraction, bias or perception of the human analyst [11]. The
observations of analyst vary as some of the grain boundaries are not closed, while
few boundaries are separated, leading to incorrect measurement and a decline in the
accuracy of the grain size measurement [12]. In this context, Baretto et al. employed
image-processing (Otsu) technique to count the number of grains in a particular
region of microstructure [11]. On the other hand, Gajalakshmi et al. recommended
Canny edge detection technique for the counting of grains in a whole microstruc-
ture [13]. Recently, Banergee et al. employed Canny edge detection method to
detect edges in a metallic microstructure, thereby counted the number of grains
and correlated with image J software [14].

Though few researchers studied the effect of cyclic annealing and grain size
measurement in metallic microstructure separately, studies on the variation of
microstructure after cyclic annealing and the subsequent grain size measurement
in low-carbon steel are scarce. Hence in this study, LCS plates are subjected to
four cycles of annealing, and the variation in microstructure and the number of
grains is determined by manual three-circle method. In addition, image-processing
techniques, viz. Otsu and Canny edge detection, are implemented, in a MATLAB
platform, to automatically count the number of grains after each annealing cycle,
correlated with the manual three-circle method, and the results are reported.
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Fig. 1 Cyclic annealing

2 Cyclic Annealing

Low-carbon steel plates (chemical composition given in Table 1), having dimensions
140× 40× 5mm3 were subjected to cyclic annealing varying from one to four cycles
(Fig. 1). Each cycle consists of heating the alloy at 930 °C (aboveAc3 temperature) for
30 min, in an INDFUR furnace, followed by furnace cooling to atmospheric temper-
ature. The as-received and cyclic annealedmicrostructure (100×) are determined in a
VERSAMAT–3 optical microscope equipped with Clemex image-analyzing system
following standard metallographic procedures, viz. grinding, polishing and etching
(4 ml nitric acid, 100 ml ethanol).

3 Proposed Methodology

The determination of the number of grains and the average grain size in a cyclic
annealed LCS microstructure is attained by following the steps detailed in Fig. 2.
Initially, each input microstructure image is converted into a grayscale image repre-
senting only an amount of light, as processing of color microstructure is complicated
due to variation in color levels of each pixel.

Fig. 2 Proposed methodology
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3.1 Otsu Method

The input gray image is processed, and a histogram is generated based on the
mean and variance of the intensity of neighboring eight pixels. Subsequently, the
gray image is thresholded to identify the vanished grain boundaries and threshold,
a specific value of intensity determined from the histogram. The underlying
mathematical expressions are given by [15]

σ 2
w(T ) = nB(T )σ 2

B(T ) + no(T )σ 2
o (T ) (1)

where

nB(T ) =
T−1∑

i=0

p(i) (2)

no(T ) =
N−1∑

i=T

p(i) (3)

‘T ’ is the threshold value, P(i) represent the number of pixels with gray value
‘i’ in the image and σo (T ) and σB (T ) are the variance of the pixels in the fore-
ground and background, respectively. Thresholding of the input image is achieved
by (a) separating pixels into two classes (foreground and background) based on the
threshold; (b) calculating the mean of pixels in both classes, (c) determining the
difference between the means and square the difference; and finally (d) multiplying
the obtained value by the number of pixels in both classes [16]. The pixels having the
intensity greater than threshold value are grouped into one class, and the remaining
pixels with lower intensity are grouped as another.

3.2 Canny Edge Detection

Canny edge detector method, a standard edge detection method, provides a balance
between noise and edge detection. It is implemented in three steps, viz. good local-
ization, detection and minimum response. Good localization indicates the closer
possible detection of edges in the real image, while a good detection means plot-
ting of possible real edges without missing the actual edges. The final pace, i.e.,
minimum response, indicates the marking of correct edges in a single response,
devoid of creating false edges [17]. The Canny edge detector initially smoothes the
input image, to eliminate the noise, by applying the Gaussian filter having a kernel
size (2k + 1) × (2k + 1), given by [13, 17]
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Hi j = 1

2πσ 2
exp

(
− (i − (k + 1))2 + ( j − (k + 1))2

2σ 2

)
; 1 ≤ i, j ≤ (2k + 1)

(4)

Up next, the image gradient is determined to highlight the regions with higher
spatial derivatives. Subsequently, the Canny algorithm employs various filters to
detect horizontal, vertical and diagonal edges of the blurred image. The value in terms
of the first derivative in horizontal (Gx) and vertical direction (Gy), respectively, is
determined by

G =
√
G2

x + G2
y (5)

The edge direction angle is rounded to one of four angles representing vertical,
horizontal and the two diagonals (0°, 45°, 90° and 135°). An edge direction falling
in each color region will be set to a specific angle values, for instance θ in [0°, 22.5°]
or [157.5°, 180°] maps to 0°. After identification of edges in the image, direction
(�) is identified by the relation

� = a tan 2(Gy,Gx ) (6)

where ‘G’ is computed by the hypot function, and ‘atan2’ is the arc tangent function
with two arguments. Finally, the regions holding higher magnitude (above threshold
value) are marked as edges, while the other regions having lower magnitude are
considered as non-edges.

4 Results and Discussion

4.1 Microstructure Variation

The optical microstructures of the as-received specimen (0 cycle) and different (1–
4) cyclic annealed LCS specimens (Fig. 3) feature the presence of ferrite grains
and pearlite (visible as dark color). The grain boundaries are irregular in nature and
the number of grains increases with annealing cycles, with a reduced average grain
size, consistent with earlier researchers [2–5]. With increasing annealing cycle, the
concentration of pearlite increases as well.

The microstructure of the as-received specimen (Fig. 3a: 0-cycle), prior to
annealing comprises coarse proeutectoid ferrite and pearlite primarily at the grain
boundaries. The as-received specimen contains 75% ferrite and 25% pearlite, consis-
tent with Fe–Fe3C phase diagram. The average size of the LCS grains, by manual
three-circlemethod, is determined by placing three equally spaced concentric circles,
having a total circumference of 500 mm on the microstructure. Subsequently, the
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Fig. 3 a–e Optical microstructure of LCS subjected to various annealing cycles

number of grain boundaries intersecting the concentric circles is counted and divided
by the magnification of the microscope to obtain the average grain size.

On execution of the initial heat treatment cycle (Fig. 3b), proeutectoid ferrite and
the ferrite concentration in pearlite transforms into austenite, which is diffusion less
in nature [2]. As the heat treatment temperature is above Ac3 temperature, the poly-
morphic transformation of α iron to γ-iron is probable [6]. Hence, the proeutectoid
ferrite begins to transform to austenite at high-energy locations, viz. ferrite, ferrite
boundaries and pearlite interfaces, leading to a increase in pearlite concentration
of 31%. Gaude-Fugarolas and Bhadeshia [18] opined that the pearlite interface and
ferrite grains are the probable locations for austenitization, as the cementite decompo-
sition yields carbon to the transformation front lowering the transformation temper-
ature. However on the pearlite region, austenitization commences on the interface
of ferrite–cementite lamellae. In this case, the ferrite transforms in to austenite quite
rapidly; however, the dissolution of cementite into austenite is diffusion-controlled
slow process [19] and is probable due to furnace cooling which provides sufficient
duration for the dissolution. Hence, it is observed that the implementation of heat
treatment (930 °C for 30 min) promotes a microstructure having fine austenite and
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cementite grains embedded in austenite. In addition, fine grains are evolved from the
austenite grains, during cooling, which lead to the grain size reduction, detailed in
the next section.

The second annealing cycle microstructure (Fig. 3c) is similar to the previous
case, except the formation of smaller grains and thicker cementite grains. The thicker
cementite grains enhance the pearlite concentration to 35%, attributed by the diffu-
sion of additional carbon across the grain boundaries, created during the first cycle of
annealing. In the next cyclic annealing cycles (3rd and 4th cycles), cementite lamellae
dissolve in austenite leading to enhanced carbon diffusion across the boundaries. The
cementite lamellae of pearlite are rapidly dissolved in austenite, and carbon diffu-
sion is amplified, leading to increase in the concentration of pearlite (38%), as shown
in Fig. 3d, e. It is inferred from the microscopic study that the execution of cyclic
annealing reduces the grain size and promoting the nucleation of finer austenite grains
(Fig. 3b–e) at the grain boundaries. However, the concentration of pearlite increases
with the annealing cycle. The variation in grain size due to cyclic annealing in LCS
is determined by image-processing techniques, detailed in the next section.

4.2 Grain Size Measurement by Image Processing

The optical microstructure, Otsu threshold and Canny edge detected images of LCS,
subjected to various annealing cycles, are shown in Fig. 4a–o. In Otsu images as
shown in Fig. 4b, e, h, k, n, the closed grain boundaries are automatically counted
by differentiating black and white, based on their pixel intensity. The unconnected
and the grains prevailing in the periphery are closed by implementing connected
component algorithm. However, in canny edge detected images, grain boundaries
are detected and highlighted in white color, while the inner sections of the grain are
visible as black Fig. 4c, f, i, l, o. It is observed that the number of grain increases
with the annealing cycles due to the formation of new smaller grains across the
boundaries, consistent with the findings of Saha et al. [4].

The optical microstructure, Otsu and Canny edge detected images of LCS after
the first cycle of annealing are shown in Fig. 4d–f, respectively. When analyzing
the input microstructure (Fig. 4d), Otsu threshold algorithm generates a histogram
based on the intensity of neighboring 8 pixels (Fig. 5), thereby a threshold (132)
value is determined. The grains having intensity higher than the threshold is labeled
as white, remaining as black (Fig. 4e). Finally, the white and black are counted to
determine the total number of grains (1054) prevailing in the microstructure. While
implementing the Canny edge detection technique on the same input image (Fig. 4d),
grain boundaries are identified (Fig. 4f) and thereby, the quantity of grains (1108) is
automatically counted. Post the first cycle of annealing, both Otsu and Canny edge
detection methods show a nearly 20% increase in the number of grains, than the
0-cycle annealing condition (Fig. 4a–c: Otsu: 820; Canny edge detection: 910). The
increase in the number of grains is attributed by the formation of new grains across
the boundaries, consistent with the reports of Offerman et al. [20].
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Fig. 4 Optical, Otsu and Canny images a–c 0th cycle d–f 1st cycle g–i 2nd cycle j–l 3rd cycle
m–o 4th cycle

The second cycle of annealing further divide the grain boundaries, thereby newer
grains with smaller cross sectional area are formed (Fig. 4g). Post the second cycle
of annealing, Otsu algorithm determines 1594 closed grains (Fig. 4h), while Canny
algorithmwhich highlights the grain boundaries, thereby 1765 grains are identified in
the same microstructure (Fig. 4i). The enhancement in the number of grains reduces
the average grain size, determined by [21, 22].

Average size (A) = Total area/Total number of grains (7)
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Fig. 5 Histogram

The average size of grain, after second cycle of annealing, by Otsu algorithm and
Canny edge detection technique reduces to 0.0025 mm2 and 0.0022 mm2, respec-
tively. According to Mohammed et al., metals having small grains exhibit higher
mechanical strength [22]. For metals having a larger grain size, even a low magni-
tude of stress causes the grain boundary to collapse thereby the strength of the metal
gets reduced [23, 24]

Subsequent to the third cycle of annealing, number of grains in the microstructure
further increases to 2116 (Fig. 4k: Otsu), with an average grain size of 0.00189 mm2

and 2285 (Fig. 4l: Canny) having an average grain size of 0.0017 mm2, respec-
tively. The transformation temperature and cooling rate during the cyclic heat treat-
ment contribute to the enhancement in the number of grains and a decline in the
grain size [4, 25]. Finally, the highest number of grains with the smallest average
grain size is obtained after the fourth annealing cycle (Fig. 4n: Otsu: 3557: grain
size: 0.00112 mm2; Fig. 6o: Canny: 3758, grain size: 0.0010 mm2). Hence, it is
inferred that the number of grains increases with annealing cycle, and consequently
the average size of grain reduces. The number of grains in Canny edge detection
technique is 5–10% higher than Otsu technique for all attempted conditions, as the
grain boundaries are detected more precisely by the Canny technique. In contrast, the
Otsu technique presumes few of the unclosed boundaries as single grain and fails to
count the grains. It is concluded that the Canny edge detection technique is suitable
for counting grains in a cyclic annealed LCS microstructure than Otsu threshold
method.
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Fig. 6 Comparison of results

4.3 Comparison of Results

The total number of grains in the as-received (0 cycle) and cyclic annealed LCS (1–4
cycles), by Otsu, Canny and the manual method is shown in Fig. 6. The deviation
between the Otsu method and Canny edge detection method with manual method
is less than 10 and 2%, respectively. Further, the deviation between the Canny and
Otsu method ranges between 5 and 10%. According to Gajalakshmi et al., the devi-
ation between actual and predicted should be less than or equal to 10%; hence, the
results are acceptable [26]. Hence, it is inferred that Canny edge detection technique
determines the number of grains more preciously than Otsu technique.

5 Conclusion

A image processing approach for the counting the number grains and measurement
of grain size in ametallicmicrostructure subjected to cyclic annealingwas attempted,
and the salient conclusions of this experimental study are

1. The quantity of grains in microstructure increases with annealing cycle, due to
the formation of newer grains across the boundary.

2. The concentration of pearlite grain increase with annealing cycles.
3. Image-processing technique is very effective in microstructure analysis.
4. Canny edge detection technique identifies the grain boundaries more preciously.
5. The deviation between Canny edge detection and Otsu technique with manual

method is less than 10%.
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Assessment of Start-Up Agility Using
Multi-grade Fuzzy and Importance
Performance Analysis

Edrion Chacko and M. Suresh

Abstract The aim of these papers is to report a study that has been carried out for
assessing agility of start-up using multi-grade fuzzy approach and classifying the
attributes based on Importance Performance Analysis (IPA). Agility refers to the
ability of an organisation to positively adapt to the changing business environment.
An agility assessment model was developed using multi-grade fuzzy. The model was
applied to the data gathered from a start-up to identify its agility index. The study
revealed that the start-up is agile but still there are still scopes for improvement. The
areas for improvement were analysed through IPA model. The proposed framework
helps for growing start-up companies to evaluate their agility index and focus on the
weaker attributes to improve the agility level in their practice.

Keywords Agile · Agility assessment · Agility in start-ups · Multi-grade fuzzy ·
Importance performance analysis

1 Introduction

Advancement in information and technologies have resulted in the blooming of
large number of start-ups in various sector in recent years. It has become a recent
phenomenon where people shift from job seekers to job creators. Ground-breaking
innovations caused start-ups coming up in higher rates in every part of the world.
Various government bodies have been taking up actions to drive up the start-up
ecosystem.

According to a recent report by IBM Institute for Business Value and Oxford
Economics, 90% of start-ups in India fail within five years [1]. The number of
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start-ups that are coming up and the number of start-ups that fail are highly corre-
lated. Amidst of various supporting schemes provided to support start-ups both in
terms of finance and resources, they fail to meet success. There are multiple reasons
contributing to the failure of start-ups which limelight to the question of start-up
agility. Agility is the ability of an organisation to positively respond to the changes
in business environment. Unceasingly updating technologies and innovations call
for start-ups to adopt agile practices. In order to survive in this dynamic business
environment, it is high time for start-ups to embrace agility.

2 Literature Review

Muduli et al. [2] proposed employee involvement can improve organisational perfor-
mance. Sherehiy and Karwowski [3] explained autonomy as an important predictor
of workforce agility. The study explained if management is responsive then the
employees are more likely to be adaptive and flexible. Sherehiy et al. [4] proposed
workforce agility as an important characteristic of agility that can be applied to all
aspects of enterprise. The paper explains adaptability, flexibility and agility as the
concepts needed for organisations to respond to changes. Nguyen-Duc et al. [5]
suggested strategy, personnel, artifact and resources as tactics that will enable start-
ups to achieve agility in its early stage. Patil and Suresh [6] explains innovation as
the tool to react to business changes and rebound easily. The study also proposes
collaboration within employees can help in exchanging expertise and thus faster
execution. Shinwon et al. [7] proposed employees should be trained on new tech-
nologies and skillsets and put them into action. Olugbola [8] highlighted training
has a positive influence on developing entrepreneurial ability and motivation. Patten
et al. [9] suggests that anticipation, agility and adaptability can improve the capa-
bility of organisations to support agile enterprise. It is the primary step towards agile,
anticipating what might happen in future and preparing accordingly to respond to
the opportunities and challenges.

Lin et al. [10] used fuzzy logic approach to develop a framework tomeasure agility
index. The study presented unprecedented application of fuzzy logic by illustrating
a rational structure to review the imprecise phenomena in agility evaluation. Vinodh
and Devadasan [11] used fuzzy logic to develop agility index measurement model.
The paper discussed the obstacles for attaining agility in manufacturing organisation
basedon a twenty-criteriamodel comprehendedwith fuzzy logic. The study identified
agility index that helped to identify the gaps and propose scopes for improvement.
Nallusamy et al. [12] used multi-grade fuzzy approach to measure environmental
sustainability. The study proposed a model to measure environmental sustainability
index and identify prospect for improvement. Vimal et al. [13] proposed fuzzy logic
to assess the sustainability of process orientation in organisations. The model calcu-
lated process sustainability index and observed the obstacles to achieve sustainability
improvement.
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Based on the literature review it was figured out that no research was reported
on assessment of start-up agility using multi-grade fuzzy logic and Important
Performance Analysis (IPA) model. In this context, this research study has been
initiated.

3 Conceptual Model for Assessing Start-Up Agility

The conceptual model for assessing agility of Start-ups is shown in Table 1. This
conceptual model was derived based on three aspects of start-up agility namely
Organisation [14], Technology [15] and Strategy [11]. The model consists of three
levels. The first level is the enabler, second level shows the criteria and the third
level includes the respective attributes. As a sample, the enabler organisation has
two criteria namely management and flexibility. The criteria management has three
attributes namely flat organisational structure, employee involvement and autonomy
and responding to changes in business.

Table 1 Conceptual model for assessing start-up agility

Enablers Criteria Attributes

Organisation (I1) Management (I11) Flat organisational structure (I111)

Employee involvement and autonomy (I112)

Responding to changes in business (I113)

Flexibility (I12) Multi-skilled employee (I121)

Positively adapt to changes (I122)

Technology (I2) Innovation (I21) Using latest technologies (I211)

Efficient methodology (I212)

Artifacts (I22) Developing new product or model (I221)

Upgrading existing systems (I222)

Strategy (I3) Training (I31) Cross learning in organisation (I311)

Training new skill set and technologies (I312)

Collaboration (I32) Team working (I321)

Collaborating outside organisation (I322)

Anticipation (I33) Tracking changes in business (I331)

Forecasting opportunities and challenges (I332)
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4 Research Methodology

Literature review on agility assessment was initiated to identify the relevant criteria
based on which the conceptual model was developed. The weightage for calculating
the start-up agility based on the developed conceptual model is done through expert
opinion. After which a suitable start-up was identified for conducting the case study.
The proprietors and employees of the start-up were interviewed to assess the agility
in that start-up. Based on the rating assessment and weightages by expert’s agility
is measured followed by IPA analysis and discerning attributes for improvement to
achieve agility.

5 Case Study

5.1 About Case Company

The study is carried out in one case start-up from India (hereafter referred to as ABC
start-up). ABC start-up is an IT consulting and services firm specialising in online
digitalmarketing, corporate branding, interior branding, socialmedia promotions and
search engine optimisation. The company aims to achieve enviable loyal customers
in its focus segments.

5.2 Assessment of Agility Using Fuzzy Logic

The agility of a start-up is denoted by I. It is the product of mean weightage of the
expert opinions represented by W and the overall rating factor R. The equation for
agility is given by I = W * R. Since the calculation of agility factor includes fuzzy
determination the assessment is categorised into five grades, I = (10, 8, 6, 4, 2)
where the range 8–10 represents that the start-up is ‘extremely agile’, 6–8 represents
‘agile’, 4–6 represents ‘moderately agile’, 2–4 represents ‘non-agile’ and 0–2 repre-
sents ‘extremely non-agile’. Five experts contributed to the discussion meeting for
weightage of agile enablers, criteria and attributes for IT-based start-ups. Five experts
from case company participated in the evaluation for agility assessment. The mean
normalised weightage of the experts’ opinions and the attributes rating is shown in
Table 2.

5.2.1 Primary Assessment Calculation

The calculation applied for the criteria ‘Management’ is as shown as follows. The
weightage related to the criteria ‘Management’ W11 = (0.34, 0.31, 0.35). Rating



Assessment of Start-Up Agility Using Multi-grade Fuzzy … 689

Table 2 Single-factor rating and weightage by experts

Ii I ij I ijk R1 R2 R3 R4 R5 Wij Wi W

I1 I11 I111 7 9 9 8 8 0.34 0.56 0.32

I112 6 6 6 5 6 0.31

I113 7 8 8 9 8 0.35

I12 I121 8 9 8 8 9 0.45 0.44

I122 8 9 9 6 7 0.55

I2 I21 I211 8 9 7 8 9 0.43 0.49 0.34

I212 8 7 7 6 7 0.57

I22 I221 6 6 6 7 6 0.52 0.51

I222 7 8 8 7 8 0.48

I3 I31 I311 8 9 10 7 10 0.56 0.33 0.35

I312 6 6 6 7 7 0.44

I32 I321 9 9 10 9 10 0.57 0.32

I322 8 8 9 7 9 0.43

I33 I331 8 7 7 9 8 0.49 0.35

I332 7 7 8 7 8 0.51

vector related to the criteria ‘Management’ is given by

R11 =
⎡
⎣
7 9 9 8 8
6 6 6 5 6
7 8 8 9 8

⎤
⎦

Index for the criteria ‘Management’ is calculated as [16]

I11=W11 ∗ R11

I11 = (6.69, 7.71, 7.71, 7.42, 7.38)

Similarly, using the same concept, the index for the other agile criteria is also
computed.

I12 = (8, 9, 8.55, 6.89, 7.89)

I21 = (8, 7.85, 7, 6.85, 7.85)

I22 = (6.48, 6.96, 6.96, 7, 6.96)

I31 = (7.123, 7.7, 8.25, 7, 8.69)

I32 = (8.57, 8.57, 9.57, 8.13, 9.57)

I33 = (7.49, 7, 7.50, 7.99, 8)
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5.2.2 Secondary Assessment Calculation

The calculation applied for the enabler ‘Organisation’ is as shown as follows. The
weightage related to the enabler ‘Organisation’ W1 = (0.56, 0.44). Rating vector
related to the criteria ‘Management’ is given by

R1 =
[
6.69 7.71 7.71 7.42 7.38
8 9 8.55 6.89 7.89

]

Index for the criteria ‘Management’ is calculated as [17]

I1 = W1 ∗ R1

I1 = (7.26, 8.28, 8.08, 7.19, 7.60)

Similarly using the same concept, the index for the other agile enablers are also
computed.

I2 = (7.22, 7.40, 6.98, 6.93, 7.40)

I3 = (7.72, 7.73, 8.41, 7.71, 8.73)

5.2.3 Tertiary Assessment Calculation

The calculation applied for finding the value of agile index of ABC is as follows.
Overall weight W = (0.32, 0.34, 0.35). Overall rating vector is given by R

R =
⎡
⎣
7.26 8.28 8.08 7.19 7.60
7.22 7.40 6.98 6.93 7.40
7.72 7.73 8.41 7.71 8.73

⎤
⎦

Agility index I = W * R

I = (7.41, 7.79, 7.82, 7.28, 7.92)

I = (7.41 + 7.79 + 7.82 + 7.28 + 7.92)/5

I = 7.6
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5.3 Classification of Agile Attributes Using IPA

IPAmodel is used to measure the agility of start-ups. IPA relates the mean weightage
of the expert opinion to the rating assessment of start-up. IPA model is graphically
represented in a framework distinguished by four zones [18]. The four zones and the
inference of IPA is described in Table 3. The zones of the IPA framework correspond
to the average of the mean weightage of expert opinion and the average of the mean
assessment rating [19].

6 Results and Discussions

Based on the assessment of agility, agility index for the start-up ABC was computed
to be 7.6. It comes in scale 6–8 which indicates that the start-up ABC is agile. Scale
8–10 is the range of extremely agile. This conveys that ABC has not achieved high
level of agility and still there are scopes for improvements.

Improvement Performance Analysis (IPA) was done to identify the obstacles
achieving high level of agility. The IPA model mentioned in Fig. 1 presented the
attributes that need to be focused. Developing new products or models, use of effi-
cient methodologies, forecasting opportunities and challenges in business environ-
ment and tracking changes in the business are the areas to be concentrated for
improvement. Performance of ABC in these attributes is fairly low and requires
action to be taken. Responding to changes in business, cross learning in organi-
sation and team working are the areas which are perceived to be important where

Table 3 Zones and inference of IPA model

Zones Inference

Zone 1 focus area This is the area of highest priority. Experts assessed the attributes in
this area as highly important ones. But the performance of the
company is low in this region. This indicates that the improvement
actions should be more focused on the attributes present in this region

Zone 2 preserve area Attributes in this zone are also assessed as highly important ones by
the experts. In this region, the Start-up is also doing a fairly good job.
This supports the company to maintain its performance in these
attributes

Zone 3 low-priority area This zone is analysed as the area of lower weightage by the experts.
Even though the performance of Start-up’s is low in this region, it
does not disturb the company’s overall performance. Less priority is
needed on the attributes present in this zone

Zone 4 unmerited area The performance of Start-up on the attributes in this zone is high, but
these attributes are assessed as of lower importance by experts.
Start-ups should focus less on this area. Managers should rethink
about the resource allocation and prioritise the attributes in this region



692 E. Chacko and M. Suresh

Fig. 1 IPA for startup agility assessment

ABC keeps a quality work. Employee involvement and autonomy, training new skills
and technologies, upgrading existing systems and positively adapting to changes are
some areas where the performance of the start-up ABC is low, but it is identified
as a region of lower importance. This indicates that the low performance in these
attributes won’t have much effect on company’s overall performance. Flat organi-
sational structure, collaboration with outside organisation, using latest technologies
and upholding multi-skilled employees are the areas where the performance of the
company is higher than needed. Manager’s may reconsider about resource allocation
on the attributes in this region and may focus more on other attributes that need
improvement.

6.1 Improvement Proposal for the Weaker Attributes

1. Developing new product or model: In this age of agility, driven by technology
and innovation new service or product development has become the lifelines of
any start-up. So, it is important to identify the needs of the targeted customer
segment and cater to the product or service depending on the customer demand.
The new product or should be able to deliver value to customers and able to make
customer delight.

2. Efficient methodologies: Use of efficient methodologies are vital for the success
of start-ups. Efficiency is important to save both time and money as well as for
proper use of resources. This can be achieved through focusing more on the areas
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where the performance of company is low by matching the proper skill sets to
meet these tasks and keeping the goals of the start-up focused and clear.

3. Forecasting opportunities and challenges: It is important for the success of
start-ups to forecast the challenges and opportunities as the pace of change
in technology and innovation takes place at a higher rate. This can be done
through keeping note of the updating technologies, understanding the changing
preferences of the customer segment and analysing the economic conditions.

4. Tracking changes in business: Business is a dynamic environment that is directly
affected by external as well as internal environmental conditions. However, the
internal factors are under the control of managers, the external factors are beyond
their control. So, to sustain in the competitive circumstancemanagers should keep
track of the surrounding changes and adapt accordingly.

7 Managerial Implications

The methodology for assessing agility index proposed in this study enables the start-
ups to measure its agility level. Apart from calculating agility index, the study helps
themanagers to identify obstacles for agility improvement and the areas to be concen-
trated. Themanagers can use thismodel to prioritise the attributes to achieve agility in
their organisation. This research is a useful resource for industry persons as it consti-
tutes the inputs from industry experts. In this context modern managers can focus
their start-up’s to be successful in ensuring agile practices by using this methodology.

8 Conclusion

The prime focus of this research is to assess the agility level of start-ups. Agility refers
to the ability of a firm to positively adapt to the dynamic business environment. This
study proposes a model to measure the agility index of start-ups. The model was
developed using multi-grade fuzzy approach that incorporated the opinions of the
industry experts. The paper discusses the case study of a start-up whose agility index
is measured using the developed conceptual model. IPA is used to find the obstacles
for the agility enhancement of start-up. On improvement of the weaker attributes
start-up can improve its agility level to attain competitive advantage. The model can
be further developed by incorporating enablers that are not addressed in this study.
The case study has been carried out in a single start-up that is into IT consulting and
services. Further study can be extended to various start-ups in different segments to
make the conceptual model more generic and validated.

Compliance with Ethical Standards Conflict of Interest The authors declare that there is no
conflict of interest in publishing this paper. The authors states the clarification of the anonymization
of the data collection or for questionnaires (if any).
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Design and Analysis of Pre-engineered
Buildings Using Staad Pro

C. Kavitha, S. Suryaprakash, N. Lavanya, and S. Durgadevi

Abstract Pre-engineered building (PEB) has greater advantages in long-span struc-
tures. In this paper, pre-engineered industrial building of 30 mspan and 10 m eave
height with slope of 10° has analyzed and designed using staad pro to understand
the behavior of structure and to achieve the economy in steel design by reducing
the material quantity as well as number of purlins and saving in erection time and
construction time. Designs are done as per IS 800-2007 codes. Load is considered in
modeling which are dead load, live load, wind load, and earthquake loads. Results
are observed for base reaction, column moment, rafter moment, and displacement.
From the parametric study, the PEB is fabricated in a factory and then it is erected
at site as per the requirement.

Keywords Steel design ·Moment reaction · Staad pro

1 Introduction

Pre-engineered building came into existence in 1960. Pebs are used for making
construction materials in a variety of shapes. This type of construction is usually
fabricated in site, and then they are transported to site [1]. Structural steel shapes like
I-beams have high moments of area, which means they are very stiff with respect to
their cross-sectional area and thus can support a high load without excessive sagging
and requires no support conditions [2]. Because of its behavior and structural aspects,
it possesses integrity and also pleasing appearance and better aesthetic view with
minimum quantity of steel requirements resulting in economy [3].

Usually, peb columns and beams are not available in standard shapes, and they
are just plate girders which are welded together to form members of different sizes
to provide stiffness [4]. Nowadays, cold-formed Z- and C-shaped members are used
as secondary structural elements to fasten and support the external cladding [5].
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Pre-engineered buildings can be adapted to suit a wide variety of structural appli-
cations; the greatest economy will be realized when utilizing standard details [6].
An efficiently designed pre-engineered building can be lighter than the conventional
steel buildings by up to 30% [7, 8]. Lighter weight results into less steel and great
savings in structural framework. Pre-engineered buildings have bolted connections
and hence can also be reused after dismantling and act as a roller support and provide
lateral resistance to earthquakes [9, 10]. Thus, pre-engineered buildings can be shifted
and/or expanded as in case of heavy loading conditions. Mezzanine floors are new
technologies in which multi-stories can also be constructed using pre-engineered
buildings.

2 Experimental Procedures Building

2.1 Description Details

Large industrial warehouse is been designed with span conditions 30 m × 30 m.

Structure Industrial warehouse
Location Coimbatore
Eave Height 10 m
Slope of Rafter 5.71°
Bay spacing 5 m
Wind speed 44.85 m/s
Terrain category Category 2 (Open terrain with well-scattered obstructions)
Importance factor 1.15 (Industrial Building).

2.2 Structural Drawings Using Staad Pro

They are designed using staad pro software, where all the inputs are computed as
per given details. First modeling of the structure has been complete. Then various
combinations of load acting on the structures are imposed on structure using loads and
definition methods [11]. Then post-processing methods are done to verify the output.
Followed by output steel design is achieved and quantities of steel requirements a
redetermined. To ensure economical purposes, unity check is also carried out to
cross-verify shear and moment safety and reduce over unnecessary weights, so that
overall economy can be achieved [12].
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2.3 Design of Primary and Secondary Sections

There are different kinds of tapered members which are designed using staad pro,
and their properties after deigned are listed below. The purlin used is cold-formed C
sections with lips, and other cladding materials are to used to finalize the structure
[9]. The cold-formed purlins are used to reduce the total weight of the structure, and
wind bracing is used to hold to provide resistance. In normal CSB buildings, the
purlins weight is associated with 28% of total weight and cold-formed structures are
light in weight and resulting in economy and faster constructions (Table 1).

Load Combinations Considered

• 1.5 (Dead load live load)
• 1.5 (Dead load + wind load along + x) + 0.5 cpi
• 1.5 (Dead load + wind load along −x) + 0.5 cpi
• 1.5 (Dead load + wind load along + Z) + 0.5 cpi
• 1.5 (Dead load + wind load along +x) + 0.5 cpi
• 1.5 (Dead load + wind load along −x) −0.5 cpi
• 1.5 (Dead load + wind load along +Z) −0.5 cpi
• 1.5 (Dead load + wind load along −Z) −0.5 cpi
• 1.5 (Dead load + wind load along −Z) −0.5 cpi
• Earthquake load along + x
• Earthquake load along −x
• Earthquake load along + z
• Earthquake load along –z.

Table 1 Properties of member

Members Column (M) Rafter 2 (M) Rafter 3 (M) Rafter 4 (M) Column 5 (M)

f1 (depth @
start node)

0.4 0.8 0.275 0.35 0.6

f2 (thickness of
web)

0.012 0.016 0.016 0.016 012

f3 (depth @ end
node)

0.6 0.275 0.275 0.6 0.8

f4 (width of top
flange)

0.25 0.25 0.25 0.2 0.25

f5 (thickness of
top flange)

0.025 0.02 0.02 0.02 0.025

f6 (width of
bottom flange)

0.25 0.25 0.25 0.2 0.25

f7 (thickness of
bottom flange)

0.025 0.02 0.02 0.02 0.025
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Table 2 Length and weight
of each member

Profile Length (mm) Weight (N)

Tapered member 1 69,999 96,254

Tapered member 2 71,386 98,490

Tapered member 3 71,386 75,457

Tapered member 4 71,386 82,038

Tapered member 5 69,999 109,160

Cold-formed purlins 210,000 34,105

Cross-bracings 48,000 248,010

Gable columns 44,000 179,754

Tie rods 59,999 25,073

Total weight: 948,346 N

3 Results and Discussion

3.1 Steel Takeoff

This steel takeoff helps in determining the total requirement of steel used in building
as per different specifications (Table 2).

Area-to-Weight Ratio
For an industrial area of 900 m2, the required quantity of steel is determined using
staad pro. The area-to-weight ratio of the industrial warehouse upto eave height of
10 m is listed below.

Area—900 m2

Required quantity of steel in kg—96671.3
Area-to-weight ratio—107.5.

4 Conclusion

Thus by using PEB roof structures, the dead weights are greatly reduced and for
especially for long-span structures the weight in rafters are considerably reduced
because these are designed using point of contra flexure and quantities of steel are
considerably used. Usage of pre-engineered building structures is faster in construc-
tion, and they are fabricated in factory and are assembled in site. The overall economy
is achieved to about 30%.
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Effect of Compression Ratio
on the Performance, Emission,
and Combustion Characteristics of C.I.
Engine Using Waste Cooking Oil and Its
Emulsion as Fuel

Selvakumar Raja, Jaikumar Mayakrishnan, Sasikumar Nandagopal,
and Sangeethkumar Elumalai

Abstract Increase in the use of fossil fuel results in the depletion of underground
reserves and responsible for increase in pollution. This demand for an alternate
fuel resources which provide performances close to fossil fuels with less emissions.
Waste Cooking Oil (WCO) is found as one such alternate fuel which possesses
properties close to diesel fuel. In addition, ease of availability, non-toxicity, and
biodegradability makes WCO a more desiring alternate fuel source. This work aims
to focus on studying the performance, emission, and combustion properties of WCO
in Compression Ignition (CI) engine. In this first phase of the work, neat diesel and
WCO were tested in a single-cylinder water cooled diesel engine at different load
conditions. In the second phase, WCO was converted in to its emulsion and tested in
the test engine. Finally, the test engine was operated with above mentioned said fuels
at two different compression ratio (i.e., 17.5:1 and 18:1), and results were compared.
It comes to know that compression ratio is a strong function of performance, emission,
and combustion characteristics of the test engine operated with different test fuels.
It is concluded that the WCO and its emulsion give trade-off between brake thermal
efficiency and oxides of nitrogen (NOx).

Keywords Fossil fuels ·Waste cooking oil · Compression ratio

1 Introduction

The importance of alternative fuels comes to limelight as the fossil fuel reserves are
depleting at larger rate. In addition, talks over climatic change also increases the
need of finding a suitable alternative for fossil-based energy resources. Past research
on alternate fuels over three decades claims different types of alternate fuels for
day-to-day application but the main challenge remains on effective utilization of

S. Raja (B) · J. Mayakrishnan · S. Nandagopal · S. Elumalai
Department of Automobile Engineering, Hindustan Institute of Technology and Science, Chennai,
Tamil Nadu 603103, India
e-mail: rselvak@hindustanuniv.ac.in

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
G. Kumaresan et al. (eds.), Advances in Materials Research, Springer Proceedings
in Materials 5, https://doi.org/10.1007/978-981-15-8319-3_70

701

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8319-3_70&domain=pdf
mailto:rselvak@hindustanuniv.ac.in
https://doi.org/10.1007/978-981-15-8319-3_70


702 S. Raja et al.

those alternate fuels in existing engine. The properties of vegetable oil were closer
to the diesel fuel. It can be due to the presence of triglycerides, try-glycerol ester
of various fatty acids with glycerol in chemical composition of vegetable oil. The
energy content of vegetable oil is also found to be almost close to the diesel fuel.

Vegetable oils like maua oil, rice bran oil, jatropha oil, and neem oil, etc., were
some of the notable vegetable oil utilized in diesel engines. WCO is also one such
resources from vegetable oil family. It comes to know that generation of WCO is
quite increasing in recent times due to the increase in restaurants as a result of
urbanization and change in people’s food habit. It was also observed that disposal
of such oil was highly challenging task as it spoils both human health as well as
environment [1]. The possibility of waste oils as alternative fuel for diesel engine
and identified that higher viscous nature of WCO needs to be addressed as it results
in poor spraying behavior [2]. The use of emulsion, water induction for controlling
diesel engine emissions it was observed from a study that the smoke emission of
engine reduced operated with emulsified form of WCO fuel (WCOE). [3]. Another
investigation reported that utilization of emulsified fuel increased peak pressure of
the engine owing to the secondary atomization of injected fuel. Study also reported
reduced part-load performance with emulsified fuel [4].

The advantage of emulsified fuel was to reduce the effort of ignition continued
burning nature at low-temperature environments [5]. A study revealed that emulsified
fuels prepared from equal proportions of used frying oil, and gas oil showed reduced
NOx concentration and smoke density without failing BSFC at rated output. [6]. It
is stated that emulsions of animal fat with methanol or ethanol apply for maximum
pressure and maximum rate of pressure rise as compared with neat animal fat [7].
The compression ratio is a strong function of BTE. Increased in compression ratio,
eventually increases the pressure and temperature, helps to ensure effective utilization
of injected fuel and increase the BTE [8].

This is clear from the literature that WCO has wide range of scope to utilize as
fuel for CI engine. However, it requires modification in the fuel as well as engine
level for optimized performance and emission behavior. In this study, an attempt was
made to study the effect of engine as well as fuel level modification of a compression
ignition engine operated with WCO. The study gives a brief idea about the influence
of WCO on fuel injection and course of combustion. It was found that ignition delay
of injected fuel increases as the load increases. Emissions like HC and CO have also
increased with the amount of WCO; however, NOx emission was on the lower side.
Usage of emulsified fuels was also found be gaining lots of attention in recent days.
The addition ofwater and surfactant in the formof emulsionwith bio oil is understood
to improve the combustion and performance characteristics of CI engines. Bio oil
emulsions resulted in considerable reduction in the concentration of pollutants as
well. Particularly, the concentration of oxide of nitrogen emission showed a important
reduction with emulsions of bio oil due to reduced cycle temperature.
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2 Materials and Methods

2.1 Fuel Preparation

The Waste Cooking Oil (WCO) was collected and filtered for removing the minute
food particles and dust. The Waste Cooking Oil Emulsion (WCOE) prepared from a
dispersion of two non-miscible fluids. SPAN80 was chosen as surfactant to reduce
the surface tension of emulsion. Ethanol is chosen as a co-surfactant to reduce the
viscosity of the emulsion. Waste Cooking Oil Emulsion (WCOE) was prepared by
mixing water, neat WCO, SPAN 80, and ethanol. Initially, ternary diagrams given in
Fig. 1 were drawn to prepare and identify the sample which was stable in nature over
a period of time. 20 samples were made and found a sample with a 90% WCO,
3% water, 5% ethanol, and 2% Span80 by volume appeared to be more stable
for two weeks. The important properties of WCO and WCOE were tested in the
laboratory. Important properties of the test fuels are listed in Table 1.

Fig. 1 Ternary diagram

Table 1 Properties of the fuels

Properties Diesel Waste cooking oil
(WCO)

Waste cooking oil
emulsion (WCOE)

ASTM standard

Density at 15 °C 818 kg/m3 880.7 kg/m3 925.8 kg/m3 D1298

Kinematic viscosity
at 40 °C

2.95 cst 5.12 cst 1.27 cst D445

Cetane number
Flash point (°C)

43 39 41 D613

Gross calorific value 45,325 kJ/kg 38,740 kJ/kg 36,195 kJ/kg D5865
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2.2 Experimental Setup

A single cylinder, four stroke, constant speed, direct injection, and water cooled
diesel engine has been selected to conduct experiments and study the performance,
emission, and combustion characteristics. Detailed specification of the test engine
is given in Table 2. The schematic diagram of the developed engine set up is given
in Fig. 2. Engine was connected to an eddy current dynamometer for applying load
on the engine. A burette and stop clock were used to measure the fuel consumption.
Engine is initially operated with standard CR 17.5:1, and injection timing is 23°
BTDC. AVL 444 N Di Gas analyzers and AVL 437C smoke meter were used to
measure the tail pipe emission. Piezoelectric pressure transducer and crank angle
encoder were used to measure the in-cylinder pressure. Maximum load calculation
was carried out for smooth operation of the engine. The uncertainty of the measured
instruments is listed in Table 3.

Table 2 Engine specification Make Kirloskar/240PE

Type Single cylinder, four stroke CI
engine

Cubic capacity 661 cc

Bore × Stroke 87.5 mm × 110 mm

Compression ratio 17.5:1

Power rating 3.54 kW

Rated speed 1500 rpm

Loading device Eddy current dynamometer

Standard injection timing 23°BTDC

Fig. 2 Experimental setup
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Table 3 Uncertainty of the
instruments

Particulars Uncertainty percentage (%)

Pressure (bar) ±0.50

Brake thermal efficiency ±0.05

Engine speed (rpm) ±1.50

NO (ppm) ±2.80

Brake power (W) ±1.20

HC (ppm) ±0.60

CO (ppm) ±0.70

3 Result and Discussion

3.1 Brake Specific Fuel Consumption (BSFC)

Figure 3 shows the Brake Specific Fuel Consumption (BSFC) of test fuels at different
load conditions. The diesel fuel has least BSFC as compared to other test fuels. On
the same hand, utilization of WCO in the test engine experienced highest BSFC of
all test fuels. It can be due to the lower energy content of the WCO which demands
higher fuels consumption for produced same power output as compared to diesel
[9–12]. However, on increasing the CR, slight decrease in the BSFC was noticed
with waste cooking oil at all the brake power.

Fig. 3 Brake power versus brake specific fuel consumption
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Fig. 4 Brake power versus brake thermal efficiency

3.2 Brake Thermal Efficiency (BTE)

Figure 4 shows the variation in BTE of test fuels at various load conditions. It comes
to know from the plot, diesel fuel experienced highest BTE as compared to other
test fuels. From the graph that, utilization of neat form of waste cooking oil in test
engine decreased the BTE.MaximumBTE observed with 22.6% at maximum brake-
power of the test engine with WCO. Decrease in the BTE with neat from of WCO
is mainly due to the slow burning nature of injected high viscous WCO [13–15].
However, improvement in the BTE was observed when WCO was used in the test
engine operated at higher CR (i.e., 18:1). On the other hand, emulsified from ofWCO
also resulted in significant increase in the BTE even at the standard CR of 17.5:1.
Maximum BTE with WCOE was observed as 24.4% at maximum brake power of
the test engine. Further increase in the BTE was observed with WCOE when it was
utilized in the test engine at higher CR.

3.3 Unburned Hydrocarbon (UHC) Emission

Figure 5 shows the variation of UHC emission of test fuels at different load condi-
tions; it is observed that emulsified from of WCO was producing high-hydrocarbon
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Fig. 5 Brake power versus unburned hydrocarbon

emission as compared with other test fuels at various power output. Maximum UHC
emission observedwithWCOEwas noted as 79 ppm atmaximumbrake powerwhere
as it was only around 52 ppm with WCO at same power output. Main reason for the
contrasting result is low-temperature combustion associated with WCOE [15].

3.4 Smoke Emission

Difference of smoke emission of test engine shows in Fig. 6. The diesel fuel shows
least smoke emission as compared with other test fuels at all the power outputs.
Usage of neat form of WCO resulted in highest smoke emission at all the load
condition. It can be due to the poor atomization characteristics of injected WCO
which consequences in large size fuels droplets, resulted in poor burning of injected
fuel and increase the smoke level in the tail pipe. However, on operating the same
fuel with higher CR ended up with reduced smoke emission [4]. Smoke emission
was observed as 47 ppm with WCOE at peak power output. Further reduction in the
smoke emission is observed when emulsified fuel was utilized. The smoke emission
was reduced to 38%withWCOE at CR of 18:1. This could be due to microexplosion
which is responsible for secondary atomization and reduce the smoke level.
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Fig. 6 Brake power versus smoke opacity

3.5 Oxides of Nitrogen Emission (NOx)

Variation of NOx emission of test fuels at different load conditions is shown in Fig. 7.
The increases of the in-cylinder temperature of the CI engine which leads to produce
the NOx emission. It is very clear diesel fuel experienced highest NOx emission as
compared to all other test fuels at all the load conditions. However, direct usage of
the WCO in the unmodified test engine resulted in reduced NOx emission. Minimal
NOx emission noticed with the waste cooking oil at maximum power output was
830 ppm but the diesel fuel gives 980 ppm at same power output.

3.6 Heat Release Rate

Figure 8 shows the variation of heat release rate of test fuels at peak load conditions.
It is clear from the plot, diesel fuel experienced highest heat release rate among
all other test fuels. It is mainly due to the higher energy content of the injected
fuel. On the other hand, straight form of WCO resulted in lowest heat release rate.
It is generally due to the slow burning of injected WCO [16–18]. This increase
the overall combustion duration and reduce the BTE as seen in Figure (BTE). It is
also observed that shift in the occurrence of peak heat release rate with WCO and
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Fig. 7 Brake power versus oxides of nitrogen

Fig. 8 Crank angle versus heat release
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prolonged diffusion combustion phase which is clear indication of increased smoke
emission as seen in Fig. 6.

4 Conclusion

Below conclusion was drawn from the above experimental work,

• It comes to know that compression ratio is the strong function of performance,
combustion, and emission characteristics of the test engine. It is also proved that
both fuel and engine level modifications are mandate for the use of alternate fuels
in CI engine.

• Utilization of neat form of WCO in unmodified CI engine reported for inferior
performance and emission characteristics. BTE, NOx and smoke emissions with
WCO were observed as 22.6%, 50%, and 830 ppm, respectively, at max. brake
power.

• Increase of CR has of the test engine which has increased the BTE to 24.6%
with WCO at same above mentioned power output with a slight increase in NOx

emission. At the same time, it is also observed with increase in CR all the carbon-
based emissions with WCO were reduced as compared with the previous case.

• Utilization of emulsified fuels ended up with simultaneous reduction of NOx

and smoke emission to a minimal value of 660 ppm and 44%, respectively, with
significant improvement in the BTE as well. Further improvement in the BTE
was obtained with WCOE as the CR was increased at a penalty of increased NOx

emission.
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Agile Practices in Human Resource
Management

R. Kavitha and M. Suresh

Abstract The agile approach gives scope for managing work as small consum-
able teams and enables incremental, value-based developments for quicker customer
delivery. The concept of agility is transcribed into support functions of the organi-
zation basically into Human Resources (HR) as it is the driver and enabler of agile
culture in the organization. This paper is the literature review on agility within the
HR department and the HR processes. This paper looked at information available in
the blogs, columns and few research papers from industry and HR thought leaders.
The concepts, practices and experiments with Agile HRM from industry have been
collated and presented based on which a model has been constructed.

Keywords Agile HRM · Agility · Agile practices · Agile organizations · Human
resources

1 Introduction

Agile HRM is the popular trend in Human Resources (HR) domain. Agility is the
software development model that has been off late adopted in all support functions
as it offers empowerment for individuals and offers new levels of flexibility. With
agility gaining insight into HR, HR department in organizations have to adapt to new
paradigm and rethink the processes that they have been handling for decades.

There has been no definite definition for Agile HRM but there have been efforts
by practioners to get to the closest definition. Agile HR is “Designing HR to
support and organization that works according to agile methodologies. Designing
the people practices to support agile ways and methodologies of working, the agile
organization model and the agile cycles”. Agile HR also defined as "Organizations
where the cross-functional teams that use agile methodologies help HR for stepwise
incremental development by following the values like agilemanifesto.org and the
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agilehrmanifesto.com in all the processes” [1]. “Agile HR” means looking ahead
[2].

Agile is not a technical jargon anymore. Agile has penetrated into other areas and
functions, from product development to manufacturing to marketing. It is now trans-
forming the way in which organizations manage to hire and develop their workforce
[3]. It is the capability of HR, functionally increasing its responsiveness effectively to
changes in employee expectations, workplace disruptions and business requirements
[4]. An agile HR approach is to evolve to an entire new degree of responsiveness
in an organization. In an agile environment, it is pertinent for HR to help manage
change within the organization.

Adaptation of HR to various new techniques and methods that can be respon-
sive in functional areas like manpower planning and organizational management,
revamping the HR policies, procedures, systems and programmes [5]. Agile-driven
human resource approach is an exit from traditional human resource management
approach which is predominantly plan-driven. In summary, agility of HR will drive
the organization to endure a confirming paradigm where HR can learn and replicate
the practices of agile software project management [6].

Agile transformations in an organization influence the teams’ organization and
management, capability building required for those teams are diagnosed, and orga-
nizational talents are managed accordingly. Whether the teams in the organization
use SAFe(R), Less, Scrum, Kanban, XP, Scrum waterfall method, understanding the
context to design is most important. Every organization has its own business situa-
tions, legal constraints and culture; hence, Agile HR cannot be designed commonly
to suit all.

In an agile organization, HR provides the people services with greater responsive-
ness in the processes like hiring, professional development and performancemanage-
ment. The scales of responsiveness cater to the evolving culture and work style of
the organizational changes [7]. HR’s role is just not to on board the transformation
process, but also be a transformation driver and enabler.

With agile processes influence and impact the organizations, there is a limited
published literature on methods to enable integration of HR and the other support
functions to the product development process and increasing the agility at work.

2 Bridging and Integration

It is essential that leadership teams in business begin to identify the concepts of agility
that could help manage HR’s business operations. The focus in HR operations would
be on teams handling recruiting, training and development, communications and
compliance. Rather than operating as a one whole unit, HR has to redesign itself
as small teams through agile concepts—prioritizing for value and maximizing flow.
With the IT business successfully adopting agile play book, it is time for people
management team to replicate the model for overhauling its operations.
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HR operations impact every employee of an organization in all the possible
aspects. The transformation of HR to agility throws many challenges as its complex
and extensive. The pioneers in the tech who have adopted agile techniques in their
software processes areway ahead of others. TheHR function requires re-skillingwith
more expertise in IT support and tools. Industry needs a future workforce which is
skilled and responsive. Hence, there is a need for HR function to go agile to support
the future workforce.

The “Agile Model of HR” conditions that HR department should do away with
controls and standards implementation and focus and drive execution. The focus has
to be to facilitate and improve agility in the organization.

Below given are examples of few Agile HR strategies [8]:

• Training leaders at all levels of the company to act as coaches and not just be
managers.

• Planning and dividing the organization into small, high-performance teams that
are independently set and achieve their targets.

• Create a scope for customer interactions internally and with all the other
stakeholders in the organization.

• Deliver alignment to create a strong, focus-minded value systems.
• Create systems with information transparency about the organizational goals,

information on who is working on what projects, who are the experts?
• Building a learning culture at all levels and focusing on continuous learning.
• Encourage people to give direct feedback to each other.
• Hiring and promoting experts/specialists, not just managers.
• Employing strategies to build a strong employment brand that attracts the right

talent.
• Implement systems for engagement and not dwell into practices of collaboration,

information-sharing, project management.

HR traditionally has been a function that revolves around managing people and
policies. While the agile frameworks actually may not directly impact the way
everyday processes of theHR department are handled but it will definitely impact HR
department if their company goes Agile. In most of the successful industry transfor-
mations, HR has played the role of driver of the change and a pivotal hub for driving
organizational change to success.

Going agile turns the HR into an aware, responsive team that evolves the organi-
zation to be agile and drives its culture on a daily basis. The ability of HR to flex and
flow with demand, by serving its customers better, and the enterprise is a form of
Agile HRM. Agile HRM is finding the minimal process route to drive or transform
operations from point A to point B. With latest generation cloud-based HR solutions
available, aiming towards the agile approach will be the next wave in HR transfor-
mation. Enriching and expanding agility to meet the challenges and needs should the
primary angle in HR radar.

HR agility becomes imperative in organizations that are adapting to agile culture
and hire agile workforce.
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The talent report fromRandstad Source right offers guidance toHR inmaximizing
an agile workforce [9]:

• Investing in appropriate tools—Organizations should have a platform for perfor-
mance measurement of all their workers to enable better management.

• Following the attraction strategies—Tailor the employer branding to appeal to the
best available talent pool.

• Keeping up compliance—To stay and follow compliance may be a challenge
where there is increasing contractual, independent and temporary workers.
Employers have to understand legalities with each category of worker.

• Building an integrated talent model—A cohesive methodology to incorporate
flexible workers into the mainstream workforce will be the strategy in optimizing
talent management.

The four values of agile development—adaptability, transparency, simplicity and
unity can be applied easily to the HR practices. Incorporating these can help improve
HR service delivery [5].

3 Alignment Areas

Alignment of human resource activities and the future needs of the business is the
rule; in strategizing growth and sustainability of most of the organizations, Agility in
the context of HR means driving the HR practices that creates adaptability, develops
competitive advantage, brings in innovation, collaboration and speed inmanaging the
projects. Organizations are radically changing their approach on managing perfor-
mance and evaluating talent, developing the skills that emphasize and develop radical
approaches in recruitment and rewards, and the ways to facilitate learning.

4 Talent Acquisition and Management

Agility in talent management is the new requirement for HR leaders. Agile talent
acquisition (TA) is the next generation framework, and operatingmodel for recruiting
in the digital era applying the incremental and iterative work cycle and framework
from agile can add value to talent acquisition in a multitude of ways [10]:

• Increase speed and efficiency
• Enhance the quality of an organization’s talent pool
• Reduce wasted cost and resources
• Decrease cycle time
• Increase predictability
• Prioritize to deliver the highest value first
• Improve the experience of candidates and hiring managers.
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Infusing Agile into an organization’s talent acquisition and recruiting functions
needs to be coupled with an assessment of skills and a review of the pre-existing
perceptions and expectations of the business [10].

HR needs to have more flex and flow in organizations. To meet the current needs
and drive the organization strategically HR should re-design, expand or eliminate
the roles. HR has to develop strategies to identify people that are open and can
adapt swiftly, who can be resourceful, who can be resilient to changes, who can
remain rational in uncertain situations and who can perform under pressure and any
circumstances. These are the capabilities that are essence of agility which has to be
identified and nurtured.

HR has to devise and align its strategies to identify and track the candidates who
can survive in an agile work environment. GE, IBM and Cisco are working with the
vendors to create software’s that do this.

5 Performance Appraisal

The core competitive advantage of any business lies in its performance manage-
ment system (PMS). An organization can become agile and responsive, with a flex-
ible PMS that ensures sustained business performance that results from continuous
performance of employees. The compensation and reward system in an organization
should also be flexible and aligned to the flexible PMS.

In agile organizations where individuals work on short-term projects of various
lengths, yearly performance feedback fromone boss, looks archaic. In agile organiza-
tion, the focuswill be on delivering continuous feedback so that teams become swifter
and “course-correct” mistakes, enhance performance and learn through continual
iterations. These are the key agile principles.

The appraisal processes should be tailored to cater the groups’ needs. The new
norm of continual and instant feedback should be enabled through technology HR
that requires a paradigm shift towards planning and enabling a PMS that supports
agility.

6 Learning and Development

HR has to completely revamp its training and development process. Traditional, L
and D approach was focussed on successional planning where the archetype top-
down approach and long-term planning was the best practice. In agile environment,
cross-training on various tools and practices, inter-departmental skill sharing is the
standard.

HR has to create an inventory matrix of the available skills and the needed skills,
bridge the gap between knowledge and expertise to build the capabilities critical to
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the organization’s future. The focus should be to identify and grow leaders from all
levels of the organization to act as coaches and not just be the managers.

To create an effective learning strategy, it should reflect the essence of the orga-
nizations strategy with particular attention around how to engage talent. The 4C’s
model covered in learning strategy for the C suite includes: capability; capacity;
compliance and culture. Implementation of learning has to focus on the capability
development that leverages a robust framework. A library that can provide accessible
on-line and off-line content should be created [11].

Agile HRM should accentuate towards newer approaches that utilizes data anal-
ysis for identifying the skills required for niche jobs and for career advancements.
It should sensitize employees about the individual training needs and futuristic jobs,
based on the individual experience and interest [12]. By combining a neuroscientific
approach through short games based on "behaviours and traits", making the players
determine internal traits and behaviours as part of best practice they would like to
cultivate, attract or avoid. HR has to focus on developing individualized training
suites for employees as a part of its agile transformation.

7 Compensation

Pay in agile context is changing as well. In an agile work culture, compensation
has to reinforce and reinstate in individuals the agile values of learning and knowl-
edge sharing. Pay structuring should reflect individuals’ impact on the business. The
compensation system should adequately address the needs of the employee and the
business. It should have multiple components to cater individual choice and needs.
Theflexible compensation system should support and alignwith business fluctuations
and should also cater to the needs of employees [11].

8 Building High-Performance Team

The strength of agile transformation is on its small self-managed teams. The self-
managed teams have to focus on creating customer delight, bring a culture of building
value and innovation in the products and services and build a bold and complementing
vision for people management. Agile transformation does not just mean improve-
ments in HR process, but requires a fundamental shift in the kind of management
[13].

Organizations are now organizing their work around the projects by organizing
into small, high-performance teams that set flexible own targets. Agile teams usually
create, execute and review their goals and tasks with scrums. Scrums help to adapt
quickly to new information that it comes in and redesign. These teams track their
progress effectively, identify obstacles quickly, assess their leadership diligently and
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generate performance improvement insights. A multi-directional, multi-level feed-
back are required to be in practice among peers, and decisions have to be made
upfront. Managers should be responsive and sensitive to manage the complex team
dynamics. Reaching the “more Agile” vision becomes essential to a HR team that
has turned Agile.

9 The Agile HRMModel

The aim of this paper is to put into perspective the functional areas within HR
that needs attention into evolving as an agile HR operation. The model for Agile
HRM shows the need for self-managed smaller teams enabled with technology that
can cater to individual HR functions. These functions individually have their own
capabilities, boundaries and functionalities. They holistically make an Agile HRM
but are intrinsically linked to one another.

This model is an output of the literature review on Agile HR practices and exper-
iments carried out by consultants in organizations. Based on the understanding from
various sources of information, the model was developed to collate and establish
relationships in building a framework of one HR.

Technology should drive the processes, and the process has to align with each
other on a technology enabled platform. Flexibility and adaptability with scope for
iterations should be the focus of one HR (Fig. 1).

10 Conclusion

HR has not changed much in recent decades when compared to the line operating
system it supports. But now as the operating levels are turning agile, the pressure
is on for HR to move away from old practices that are redundant. To cope with
the changing competition, the organization needs to have agile workforce [14]. The
readiness for change is necessary for workforce [15]. The HR function will also
require re-skilling. With cloud technology and the performance data generated by
the new apps, HR requires more expertise in IT skills and deeper knowledge about
people management skills in teams. It is essential to the new world HR that has to
undergo transformation to becomemore agile itself and also catalyze the organization
to become agile. The role of HR as an agile driver and enabler is expanding, and HR
function needs to transform itself to meet the new norms of business. More academic
research in this area can provide insights towards model development and methods
of scaling effectiveness.
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TA- Talent Acquisition; TM- Talent Management; T& D- Training & development; 
PMS- Performance Management systems; C&B- Compensation and Benefits

Fig. 1 One HR—a unified model for agile HRM
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Assessment of Organizational Agility
Using Multi-grade Fuzzy: A Case
of Adhesives Manufacturing
Organization

Aravind Hariharan and M. Suresh

Abstract Ability of the technology, people, processes, work, production, logistics,
safety and support functions of an organization to respond to crisis situations, adapt
to changes in the market and use the change as a competitive advantage as quick as
possible before the competitors respond is termed as organizational agility. Themore
it is, the more agile the organization is, which clearly means that the organization
can sustain in the long-run. This paper attempts to develop an assessment framework
for organizational agility using Multi-grade Fuzzy (MGF) approach. The framework
has been applied to the Adhesives Manufacturing Organization (AMO). The agile
attributes are classified based on Importance-Performance Analysis (IPA). The study
indicates that the case organization become ‘agile’ but has scope for improvement.
The case organizations’ weaker attributes are identified through IPA method and
appropriate suggestions have been provided that for improvement.

Keywords Organizational agility · Manufacturing organization · Agile systems ·
Multi-grade fuzzy · Importance performance analysis

1 Introduction

The Adhesives and Sealants market in India is consolidated, with the major players
at the top of the Industry with more than 80% market share in that sector. In such
a market, competition among the players who try to capture the remaining share in
the market is cut-throat. In a market where competitors can innovate their processes,
take strategic decisions to change the product line, strategic price changes, improve
quality, take cost-cutting measures etc., organizational agility plays a significant role
in the survival and growth of the organizations.

Changes are going to be certain and the resilience of the organization is of utmost
importance. The organizations must be able to use the impact for its betterment
and come up steadier and stronger. Assessment of organizational agility will help
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the organization to find the agility level and identify the weaker attributes of that
organization. Assessment helps the organization to improve agility level from current
stage to future stage. To ensure the organization is agile enough for its survival
and there-by enabling it to thrive in a competitive environment without the fear of
succumbing to market pressures and crisis.

2 Literature Review

Ability of the technology, people, processes, work, production, logistics, safety and
support functions of an organization to respond to crisis situations, adapt to changes
in the market and use the change as a competitive advantage as quick as possible
before the competitors respond is termed as organizational agility. The more it is, the
more agile the organization is, which clearly means that the organization can sustain
in the long-run. Gunasekaran [1] developed agile implementation framework and
indentified key agile enablers formanufacturing organizations.Dahmardeh andBani-
hashemi [2] proposed that the crucial concepts of agile manufacturing are responding
to changes and using them for benefit through tactical utilization of manufacturing
and managerial methods. Yusuf et al. [3] formulated that the fundamental aspect of
agile paradigm is to achieve competitive advantages in cohesion and without trade-
offs. Surbakti et al. [4] presents organizational agility based on Goldman model
with attributes such as people, organization, cooperation and customer satisfaction
to assess the level of its agility [5] reasoned that people have been overlooked in the
field of organizational agility because new organizational relationships and forms
openly resist description with traditional words, phrases and concepts [6] used the
fuzzy logic framework and proposed that an agile enterprise’s foundation lies in
integration of people, business processes and information technologies [7] used
multi-grade fuzzy framework to propose that the contemporary organization can
use sustainability assessment to survive in the market with cut-throat competition
and achieve high status [8] applied fuzzy logic framework to evaluate organizational
agility.

3 Conceptual Model for Assessing Organizational Agility

In order to assess the organizational agility of a case organization, literature review
was initiated tofind the criteria and attributes that are relevant to organizational agility.
Based on these, identified factors, the conceptual model was developed. The concep-
tual model for assessing organizational agility is shown in Table 1. This conceptual
model was derived based on three aspects of agility namely technology agility [9],
operational agility [10–12] and management agility [13–16]. The model consists of
three levels. The first level is the enabler, second level shows the criteria and the third
level includes the respective attributes.
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Table 1 Conceptual model for assessing organizational agility

Enabler Criteria Attributes

Technology agility (I1) IT integration (I11) IT application to eliminate paperwork
(I111)

IT utilities (I112)

Product development (I12) Management support for new product
development (I121)

Concurrent product development
(I122)

Design for Producibility (I123)

New product development team (I124)

Operational agility (I2) Workforce (I21) Workplace spirituality (I211)

Multi-skilled workforce (I212)

Implementing job rotation (I213)

Process (I22) Readiness for process change (I221)

Total productive maintenance (I222)

Process waste elimination (I223)

Maximum utilization of available
equipment (I224)

Flexibility (I23) Flexible inventory systems (I231)

Flexible production capacity (I232)

Flexible automation (I233)

Variety of products (I234)

Management agility (I3) Devolution of authority (I31) Training to create self-managed
teams (I311)

Clear definition of personnel’s
responsibility and authority (I312)

Organizational structure (I32) Interchange-ability of personnel
(I321)

Team oriented organizational
structure (I322)

Positive organizational culture (I323)

Smooth information flow (I324)

Nature of management (I33) Participative management style (I331)

Transparency in information sharing
(I332)

Rapid evaluation and implementation
of employee suggestions (I333)
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4 Case Study

The company in which the study is carried out is an Adhesives Making Organization
(AMO) located in India. AMO makes different types of adhesives and sealants for
different small and medium-scale industries depending upon their requirement. The
company’s goal is to expand its horizons and increase its market share.

4.1 Assessment of Agility Using Multi-grade Fuzzy

Organizational Agility is denoted by ‘I’. It is the product of mean weightage of the
expert opinions denoted by ‘W ’ and the overall rating factor denoted by ‘R’. The
equation for agility is as follows; I = W * R [17, 18].

Since the calculation of agility factor includes fuzzy determination, the assessment
is classified into five grades, I = (10, 8, 6, 4, 2). where the range 0–2 represents that
the organization is ‘extremely non-agile’, 2–4 represents ‘non-agile’, 4–6 represents
‘moderately agile’, 6–8 represents ‘agile’ and 8–10 represents ‘extremely agile’.
For the discussion of assessment of organizational agility, five experts from case
organization were contributed for ratings. Five experts from various organizations
contributed to the weightage of the enablers (Wi), criteria (Wij) and attributes (Wijk).
The factor rating and the mean normalized weightage of the experts’ opinions are
captured in Table 2.

4.1.1 Primary Assessment Calculation

The calculation applied for the criteria ‘IT Integration’ is as shown as follows.
Theweightage related to the criteria ‘IT Integration’W11 = (0.507692, 0.492308).
Rating vector related to the criteria ‘IT Integration’ is given by

R11 =
[
6 7 8 6 6
5 7 7 6 7

]

Index for the criteria ‘IT Integration’ is calculated as [19]

I11 = W11 ∗ R11

I11 = (5.507692, 7, 7.507692, 6, 6.492308)

Similarly using the same concept, the index for the other agile criteria is also
computed.

I12 = (6.745762, 5.559322, 6.694914, 5.661018, 5.677966)

I21 = (6.234044, 6.425533, 7.904256, 5.648937, 6.319150)
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Table 2 Rating and weightage by experts

Ii I ij I ijk R1 R2 R3 R4 R5 Wijk Wij Wi

I1 I11 I111 6 7 8 6 6 0.50 0.50 0.29

I112 5 7 7 6 7 0.49

I12 I121 8 6 7 4 5 0.25 0.49 0.33

I122 4 5 4 5 4 0.18

I123 8 6 7 8 7 0.30

I124 6 5 8 5 6 0.25

I2 I21 I211 4 7 6 3 4 0.25 0.34

I212 7 8 9 7 8 0.41

I213 7 4 8 6 6 0.32

I22 I221 8 8 8 7 9 0.27 0.31

I222 6 5 7 7 6 0.21

I223 7 6 7 8 8 0.25

I224 9 7 6 8 6 0.25

I23 I231 8 5 5 6 7 0.248 0.33

I232 7 5 7 7 6 0.256

I233 7 5 8 6 6 0.256

I234 5 4 6 8 7 0.24

I3 I31 I311 6 7 7 6 9 0.47 0.30 0.37

I312 6 8 8 9 8 0.52

I32 I321 6 5 9 7 8 0.23 0.34

I322 8 7 9 6 7 0.25

I323 8 9 8 6 9 0.27

I324 7 6 7 8 6 0.23

I33 I331 8 6 6 4 5 0.34 0.35

I332 7 5 6 4 7 0.34

I333 5 4 4 5 8 0.30

I22 = (7.566426, 6.594399, 7.027965, 7.503489, 7.342650)

I23 = (6.768, 4.76, 6.52, 6.736, 6.488)

I31 = (6, 7.527027, 7.527027, 7.581081, 8.472973)

I32 = (7.287679, 6.835624, 8.260282, 6.705486, 7.554802)

I33 = (6.726190, 5.035714, 5.380952, 4.309524, 6.619048)
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4.1.2 Secondary Assessment Calculation

The calculation applied for the enabler ‘Technology Agility’ is shown as follows.
The weightage related to the enabler ‘Technology Agility’ W1 = (0.506494,

0.493506).
Rating vector related to the criteria ‘Technology Agility’ is given by

R1 =
[
5.507692 7 7.507692 6 6.492308
6.745762 5.559322 6.694914 5.661018 5.677966

]

Index for the criteria ‘Technology Agility’ is calculated as

I1 = W1 ∗ R1

I1 = (6.118686, 6.289016, 7.106581, 5.83271, 6.090425)

Similarly using the same concept, the index for the other agility enablers is also
computed.

I2 = (6.833405, 5.914211, 7.160011, 6.599702, 6.697793)

I3 = (6.695968, 6.414997, 7.024017, 6.131855, 7.507257)

4.1.3 Tertiary Assessment Calculation

The calculation applied for finding the value of organizational agility index of AMO
is as follows.

Overall weight W = (0.297520661, 0.330578512, 0.371900826).
Overall rating vector is given by R

R =
⎡
⎣6.118686 6.289016 7.106581 5.83271 6.090425
6.833405 5.914211 7.160011 6.599702 6.697793
6.695968 6.414997 7.024017 6.131855 7.507257

⎤
⎦

Agile index I = W * R

I = (6.569654, 6.211972, 7.093545, 6.197519, 6.818135)

I = (6.569654 + 6.211972 + 7.093545 + 6.197519 + 6.818135)/5

I = 6.578165
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4.2 Importance Performance Analysis

IPA approach is used to classify the attributes of organizational agility. IPA approach
is graphically represented by four quadrants [20]. These quadrants are splits based
on the average of the mean weightage of experts’ opinion and the average of the
mean assessment rating of attributes [21]. The four quadrants and the inference of
IPA is described in Table 3.

5 Results and Discussions

Agility Index of AMOwas computed to be 6.578165. It means that the organizational
agility of AMO falls in the category of 6–8, which proves that the organization
is ‘agile’. AMO is an agile organization but there is skill scope for improving its
organizational agility to reach the category of 8–10whichwill make the organization,
‘highly agile’.

In the IPA the attributes were placed in four quadrants according to the expert
weightage and performance and itwas found thatmajority of the attributes are consid-
ered significant and weighed high by the experts. IT utilities, management support
for new product development, concurrent product development, new product devel-
opment team, implementing job rotation, total productive maintenance, participative
management style, transparency in information sharing and rapid evaluation and
implementation of employee suggestions were the attributes where AMO needs to
improve its performance. These attributes lie in the quadrant-I.

Table 3 Quadrants and inference of IPA

Quadrants Inference

Quadrant-I improve performance This is the area that is categorized as most significant by
experts but performance is not up to the mark here. If the
performance is improved in these attributes, organizational
agility will definitely be high

Quadrant-II maintain and retain This area also falls under the categorization of most
significant according to experts, and AMO’s performance in
these attributes is already very well. AMO should try to
maintain and retain this

Quadrant-III not very significant Neither this area is significant according to experts nor is the
performance high. This area need not be under high priority

Quadrant-IV excess performance This area is not very significant according to experts. But the
performance is high. AMO can divert resources and efforts
from this area and focus on quadrant-I for better results
concerning Organizational Agility
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IT Application to eliminate paperwork, design for producibility, multi-skilled
workforce, readiness for process change, maximum utilization of available equip-
ment, training to create self-managed teams, interchange-ability of personnel and
team-oriented organizational structure are the attributes where AMO is doing well
and has to maintain and retain it. These attributes lie in the quadrant-II.

Process waste elimination, Clear definition of personnel’s responsibility and
authority, Positive organizational culture and Smooth information flow are the
attributes which are not very significant but AMO has high performance in these
agile factors. If AMO can channel its efforts from quadrant-IV to quadrant-II it can
improve its organizational agility significantly.

Workplace spirituality, flexible inventory systems, flexible production capacity,
flexible automation and variety of products are the attributes which are regarded not-
very-significant and AMO’s performance is also not very high. This is quadrant-III
and much focus is not required here.

5.1 Improvement Proposal for the Weaker Attributes

Adapt to the changing market: Instead of developing all the attributes in one go,
AMO can see which attributes contribute the most towards organizational agility in
the current market conditions and focus on development to those attributes.

Channelizing the efforts and resources: In quadrant-IV, attributes are not very
significant for organizational agility. The AMO can channel the effort and resources
away from these attributes and concentrate on the development of crucial attributes
for organizational agility.

Cost–Benefit Analysis: AMO can perform a cost–benefit analysis to identify the
attributes where performance can be increased with comparatively lesser cost but
which contributes the most to the organizational agility.

6 Conclusion

This paper focuses on assessment of organizational agility in an AMO. The method-
ology used was multi-grade fuzzy approach. The attributes that contribute to organi-
zational agility, were rated by staff members of AMO and expert opinions was taken
to measure the importance of the attributes. The case AMO’s organizational agility
falls in the category of ‘Agile’. IPA approach was used to segregate the attributes
into four quadrants and making the AMO aware of the actions needed/not needed to
increase the strength of the attribute, ultimately increasing the organizational agility.
This study can also be expanded to other organizations in Adhesives and Sealants
industries sector.
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Advertising Media Selection Framework
Using Fuzzy VIKOR Approach: A Case
of New Insurance Product

M. Suresh and Deepak Joshy

Abstract Appropriate advertising strategies or media determine the potential
customer reach, adaptability and acceptability, and help the brand image to attain
competitive advantage. The selection of the advertising media is a challenging task,
and furthermore, the complexity increases when it comes to the promotion of new
product to the market. In this paper, an attempt has been made to develop a frame-
work for the selection of suitable advertising media for the release of a new insurance
product using fuzzy VIKOR (meaning is multicriteria optimization and compromise
solution) method. The case of this new insurance product is presented to exhibit
the applicability of the fuzzy VIKOR method. The result of this study shows that it
could be applied in new product promotion stage to accelerate a customer’s purchase
intention through appropriate media mix.

Keywords Fuzzy VIKOR ·Media selection · Advertising media · Advertising
strategies · Insurance products

1 Introduction

There are several works which have analysed the importance of advertising. Still,
advertisers are in a dilemma whether to have a soft-sell or hard-sell approach in
various media to promote goods or services through advertisements. India is one of
the emerging economies in the global market, and particularly after the 1990s, India’s
growth in the consumer market is tremendous. As the second highest populated
country, India is a target market for producers worldwide. The main tool which
assists any manufacturer to reach his customers is advertising. These days, we see
advertisements for anything and everything from a bar of soap to a cup of tea. But the
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question remains, do these advertisements fulfil what they are aimed at? Do they use
the right kind of appeal? Throughwhichmedium should they advertise their product?
Are they really effective? Towhat extent do these advertisements drive a consumer to
purchase a product? Thus, any advertisement should accomplish its objectives while
simultaneously adhering to the social and cultural diversity of India. In this paper, a
selection of advertisement media in television, radio, newspaper/magazine, outdoor
and Internet advertising have been studied through literatures, and an attempt has
been made to develop a framework for media selection. A case of selection of a
suitable medium of advertising for an insurance product is presented in this paper.

2 Literature Review

The literature has been reviewed from the perspective of various advertising media
and media mix strategies. Wysong and Beldona [1] have studied the billboard
advertising media and its effective reach to targeted audiences. Jackson et al. [2]
discussed sport advertising with reference to the cross-cultural differences. Jackson
[3] has studied the relationship between advertising and sales income. Smith [4]
has discussed the significance of Advergames strategy. Barnes and Hair [5] have
discussed the advertising paradigm shifts from the banners to Internet media and its
futuristic direction. Also, they studied the chronology of Internet adverting media
strategy from 1994 to 2007. Chtourou et al. [6] have studied the effects of advertising
through the animation in the internet media. Walsh [7] has studied the avoidance
behaviour of Internet advertisements. Coyle et al. [8] studied the effectiveness of
word-of-mouth marketing. Drossos et al. [9] have extensively studied the factors
influencing Internet advertising and related efficiency in the perceptions of adver-
tising agencies. Pan et al. [10] have studied the inter-relations between mass media
advertising and its impacts on revenue generation in the airline industry. They have
also proposed a network optimization model for advertising revenue management.
Rehman and Vaish [11] have studied the blend of various traditional and new media
advertising practices to achieve the media effectiveness and adaptability. Aouni et al.
[12] have applied a stochastic goal programming model for selection of suitable
media. Dasgupta and Gupta [13] have analysed the critical success factors in exper-
imental markets and a related case study is presented based on seventeen Indian
restaurants. Kamal and Chu [14] have studied social media usage in young customers
in Dubai and have also examined adverting behaviours in social media. Raj et al.
[15] have studied the performance evolution of Adstock models in the consumer
packaged goods industry. Adzharuddin [16] has conducted an extensive literature
review on the new and traditional advertising media mixes. Azadi et al. [17] have
developed a neutral data envelopment analysis model for media selection. Cader
and Al Tenaiji [18] have conducted a survey for social media marketing in UAE.
Lohtia et al. [19] have studied the presence of impacts of advertising and blogger
trustworthiness. Rau et al. [20] have studied mobile media advertising and have
extensively identified the critical factors influencing the customers to the avoidance
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of this media advertisement. Nilakantan [21] has studied the strategy of television
advertisements. Olga and Raj [22] studied the linkages between tourism promotion
adverting through social media and the changes of consumer behaviours regarding
the tourism destinations. Park and Ohm [23] have studied the impacts of customer
attitudes and purchase intentions on mobile advertisements. Qureshi [24] has anal-
ysed the advertising expenditure with respect to various media and also studied the
valuation effects in different media in UK firms.

Selecting the right media to advertise a product is extremely important in the
promotion of their product and thereby overall business. It is not necessary that all
advertisements should represent details which help consumers to choose a product.
There are several researches that focused on the criteria that should be consid-
ered while evaluating advertisement effectiveness. Criterion of this sense includes
educational level [25–27] and user-friendliness design [28]. This paper considers the
followingmedia, viz. newspapers, television, Internet, radio, outdoor advertising, i.e.
these were the media adopted for this study based on the literature survey [29–31].

3 Case Study

The case study has been piloted in a new life insurance product advertisement. There
exists a necessity to select the best advertising medium for a new insurance product
among the available alternatives. A new insurance product is selected as the case
study because the importance of having insurance is immense. Also, we will get
to know the best medium to advertise a new insurance product. It has the double
benefits of saving and security. Life is full of uncertainties so we can protect it from
any unforeseen events that may happen. It also acts as a safe and profitable long-term
investmentwhich has tax benefits and generates income through annuities, dividends,
etc. In most of the developed foreign countries, insurance is a must. All classes of
people can benefit from having insurance coverage. Table 1 depicts the advertising
media selection factors.

In this study, best advertising strategy for a life insurance product is found out
using the fuzzy VIKOR model of multicriteria decision-making methods. The key
benefit of the VIKOR method is that it emphasizes on classification and assortment
from a set of alternatives in the presence of differing criteria. It introduces the ranking
index based on the particular degree of closeness to the best solution as well. The
alternatives for advertisements are television ad (A1), radio ad (A2), Internet ad (A3),
newspaper/magazine ad (A4) and outdoor ads (A5). Based on the evaluation, criterion
optimization directions are determined. Based on the feedback collected from the
five decision-makers, the best advertising medium has been found out. The decision-
makers include southern headof a public sector insurance company; twopostgraduate
students in advertising and media studies and another two experts in the insurance
field. Here, the weights of various criteria and the ratings are considered as linguistic
variables as it can assess the independent opinion of decision-makers. The linguistic
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Table 1 Factors influencing the advertising media selection

Criteria Attributes of the criteria

Audience fit (C1) Age: Feel good effect, visual imagery based on age, ageing
and emotional, older and rational; ageing and interest towards
ads

Gender: Usual perception that females are more likely to
perceive soft-sell. Cross-cultural differences, intention to
purchase

Educational Background: Less educated more likely to
believe TV ads. Knowledge that holds is important

Advertisement irritation (C2) Younger people less irritated, depends on interaction, time
spent in watching ads

Purchase intention (C3) Credibility of the ads, the appeal that the ad creates, how well
the message is conveyed

Advertisement believability (C4) Easiness to understand, matching requirements, creating a
favourable image, trustworthy, exaggeration etc

Product brand (C5) Mentioning brand or product, placement of brand and
awareness

Time of advertisement (C6) Geographical and cultural differences, prime time ads, max
reach of ads through proper time and location

Cultural differences (C7) Different countries different perceptions, emotions, beliefs,
etc.

Cost of advertising (C8) Amount spent: prime time ads, location, size of ads, etc.

Coverage (C9) Selectivity, pass along frequency range, target reach, etc.

variables and their fuzzy numbers are shown in Table 2. The fuzzy VIKOR approach
is adopted from [32] and [33] for selection of the advertising media.

Five decision-makers D1 to D5 have given weights for each criterion. They have
used the linguistic variables to give weights to understand the importance of the
criteria. The respective weights of the criteria by the decision-makers are shown in
Table 3.

Also another five decision-makers have given ratings for the five alternatives with
respective to each criterion using the linguistic rating variables, and it is shown in

Table 2 Linguistic variables
for significance of every
criterion [34]

Linguistic variable Fuzzy number

Very poor (VP) (0.0, 0.0, 0.1, 0.2)

Poor (P) (0.1, 0.2, 0.2, 0.3)

Medium poor (MP) (0.2, 0.3, 0.4, 0.5)

Fair (F) (0.4, 0.5,0.5, 0.6)

Medium good (MG) (0.5, 0.6, 0.7, 0.8)

Good (G) (0.7, 0.8, 0.8, 0.9)

Very good (VG) (0.8, 0.9, 1.0, 1.0)
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Table 3 Weights of the criteria provided by decision-makers

Criteria Decision-makers

D1 D2 D3 D4 D5

C1 G G VG VG VG

C2 F MP G VG F

C3 G VG VG VG G

C4 G G MG VG F

C5 G VG MG G G

C6 VG VG G F VG

C7 G G VG G G

C8 MG G MG VG MG

C9 G G G VG G

Table 4. The decision-maker’s judgements are analysed to get the aggregated fuzzy
weight of each criterion, and fuzzy decisionmatrix was constructed using aggregated
fuzzy ratings of alternatives [32]. Aggregated fuzzy ratings bi j = {bi j1,bi j2,bi j3,bi j4}.

The fuzzy decision matrix is constructed, and then, it is defuzzified and fuzzy
weight of each criterion is converted into crisp values using centre of average defuzzi-
fication relation [33]. The values of S, R and Q are calculated for all alternatives and
presented in Table 5.

4 Results and Discussions

According to the results from fuzzy VIKOR analysis of selecting the best alternative
(smallestQ value is the best ranking) for the advertisement of an insurance product, it
is shown that advertising in television (A1) has gotmore effect on consumers followed
by newspaper/magazine advertisements (A4), radio ads (A2), Internet ads (A3) and
outdoor ads (A5) respectively. According to the results, the top two alternatives can
send custom-made messages to narrowly defined and segmented target audiences,
which show their efficiency. Themain limitation of this research is the lack of broader
variety of products and the cross-cultural validation for greater generalizability.

5 Conclusion

Different products are bought and used up for diverse reasons, and hence, the objec-
tives related to endorsing the goods may be different from those associated with
promoting another product. Product life cycle is an important factor thatwhich affects
the strategy of advertising a particular product. The advertising objective at the time
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Table 4 Rating of five alternatives by decision-makers under the criteria

Decision-makers Alternative C1 C2 C3 C4 C5 C6 C7 C8 C9

K1 A1 G MG G VG G VG G G G

A2 G F G G G G G MG MG

A3 G F G VG G G MG F VG

A4 G MG G G G MG G MG G

A5 G MP MG G G F G G MG

K2 A1 VG F VG G F VG VG MG VG

A2 G MG G VG G VG G P G

A3 MG F F MP P VP MP P F

A4 VG F G G MG F VG F MG

A5 F P F MP P F VG MG MP

K3 A1 G G VG G G VG MG G VG

A2 G MG G F G F P G G

A3 MG MP G G MP MG P MG MG

A4 G F G G MG G MG MG G

A5 MP G MG G F P P F G

K4 A1 VG VG VG VG VG VG VG VG VG

A2 MG G MG F VG G VG MG MP

A3 VG G MG G VG P VG MG G

A4 G MG G F VG P VG F G

A5 MG MP MP F VG VP VG F MG

K5 A1 G G G G VG VG F G G

A2 P VP MG MG MG P P MG F

A3 MG MG MG G MP MP F MG MG

A4 G MG MG G F F F MG G

A5 MG MG MG MG G G VP VG G

Table 5 Values of S, R and Q for all alternatives

A1 A2 A3 A4 A5

S 0.082 4.93 5.39 2.87 6.25

R 0.082 0.85 0.84 0.63 0.87

Q 0.00 0.88 0.91 0.57 1.00

of the introduction of the product will be to build awareness, whereas during the
growth and maturity of the product, it will be to generate further interest. Publicizing
as well as communicating objectives will vary from the time before the launch to the
time at which the end of the particular product in the market occurs. Certain media
will be more effective in promoting certain products; everything won’t go in a single
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method of advertising. So in all these cases, different mediums of advertising have
their own importance. Some advertisements can easily create brand awareness, while
some other can certainly affect the building of customer loyalty and so on. Different
ways of advertising in different mediums have their own importance in the promo-
tion, life cycle, etc. of a particular product. There are indeed an extensive group of
customized market segments, so it is important for one to know about the segments
and strategies that can be implemented in different market segments before planning
of promotion of a product. This research represents the selection of the best medium
of advertising before the plan to promote their product in the market is made. In
summary, the effectiveness of advertising in different mediums was measured for
an insurance product, and the best alternative was found out. Fuzzy VIKOR anal-
ysis is a significant and manageable instrument that can be effectively employed by
marketing specialists when considering the issue of which mass media will be the
most fitting for promotion of a specific product.
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Modelling the Factors of Store
Environment on Impulse Buying
Behavior Using TISM

M. Suresh and R. Dev Abhishek

Abstract The paper aims at identifying and studying all the major factors of the
store environment that affect the impulse buying behavior of customers in Indian
supermarkets, using the total interpretive structural modelling (TISM) technique.
This paper also describes the network of relationships among various factors along
with their positions of importance in causing impulse buying behavior, using analyses
of their dependent and driving power. Lighting, merchandizing display, temperature,
scent, and music are found to be the most important driving factors of the store
environment that influence impulse buying behavior. The dependent factors are found
to be degree of socialization, layout, and in-store promotional activities. Managers
would do well to focus more on the driving factors to drive impulse buying behavior.
Understanding the impact of the driving factors upon the dependent factors is also a
key in executing an impulse buying strategy.

Keywords Impulse buying behavior · Store environment · Super markets · Total
interpretive structural modelling

1 Introduction

Impulse buying behavior has been one of the most extensively researched topics in
literature. One of the early researchers of impulse buying [1] defined the term as
purchases made in an unplanned manner, as a response to stimuli. Stern [2] added
another dimension to impulse buying, saying it could be planned as well, as in the
shopper comes to the store planning to buy on impulse, contingent on stimuli. After
[2], literature has focused on the impact of various internal and external stimuli such
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as those based on the personal characteristics of the buyer such as shopping enjoy-
ment tendency, situational factors such as money availability [3] and characteristics
of the external environment such as lighting [4]. Mattila and Wirtz [5] have emphat-
ically asserted that the store environment must be as stimulating as the degree of
impulsiveness one would want the incoming customers to possess. Chang et al. [6]
also have corroborated on this and agreed that a customer would be more inclined
to buy on impulse when in a positive state of mind influenced by carefully manipu-
lated stimuli in the store environment. In fact, [7] have dealt with four environmental
factors that influence impulse buying in an Indian context. It has thus become clear
that identifying the degree of importance of various store environment factors, in
reference to their influence on impulse buying behavior has become crucial. This
study takes into consideration all the major store environment factors that may have
an impact on impulse buying behavior.

2 Literature Review

Reviewing literature from various sources with regard to impulse buying behavior
has helped in identifying the ten factors used for this study. The literature review for
each of the factors has been detailed below.

2.1 Lighting in the Store Environment

The first factor refers to the quantum and genre of lighting in the store environment
that helps customers optimally view the layout, products, and other nuances of the
supermarket [4, 7].

2.2 Layout of Products in the Store

Layout of products in a store refers to the arrangement of products in a particular
way so as to accommodate a spacious, comfortable platform for customers to view
and buy products from. A spacious layout can put the customers’ mind at ease and
shop at their own pace, thus making them comfortable enough to shop impulsively
[7, 8].
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2.3 Music Played in the Background

Music is one of the most studied aspects of the store environment that can influence
impulse buying decisions [9, 10].

2.4 Merchandizing Display

Merchandizing display refers to the degree of attractiveness of the products in display
at the supermarket. Customers would feel more enticed about after viewing the
visually appealing products and that excitement could translate to making impulse
purchases [11, 12].

2.5 Temperature of the Store Environment

The in-store temperature stands for how comfortable the customers feel inside the
store with reference to the levels of internal climate they feel in their bodies in
response to the external climate present in the store environment [13, 14].

2.6 Employee Friendliness

Employee friendliness corresponds to how friendly the employees are toward the
customers visiting the store. Friendlier employees make the customers stay for a
longer period of time in the store, and thus invoke the possibility of impulse purchases
[5, 15].

2.7 Degree of Socialization Involved While Shopping

Degree of socialization refers to the impact of the surrounding social group upon
the immediate shopping environment of the customer. This social group can have a
significant bearing on the impulse buying behavior of the customers [16, 17].
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2.8 Crowding of a Store

Crowding means a large number of people in the store. When a large number of
people are in the supermarket, customers may look to get done with their shopping
and leave the store soon enough, thus not giving themselves enough time to engage
in impulse buying behavior [10, 15].

2.9 Scent in the Store

Scent means the smell that can be sensed by the shoppers when they are inside the
supermarket. This scent, when found appealing by the customers, can relax them and
cause them to engage in impulse buying behavior [14, 18].

2.10 In-Store Promotional Activities

The in-store promotional activities correspond to those activities that are aimed at
delivering or pitching a product or service through aesthetically designed activities
that may appeal to the senses of customers so that they may go ahead and buy that
particular product or service, or at the very least cause them to get interested about
it [1, 19].

3 Methodology

The TISM technique is a modified and upgraded version of the ISM approach, and
over the years has found use in a diverse stream of applications [20–26]. TISM
requires the successful implementation of the following steps [27–30] in order to be
useful for analysis and practical implications:

Identify and define the factors: Ten factors are identified from literature and all
of these are corroborated upon by experts, who incidentally also have taken up the
questionnaire survey. Impulse buying behavior has vast literature. The ten factors
can be glimpsed as part of Table 1 along with sources.

Initial Reachability Matrix (IRM): To arrive at the reachability matrix in its initial
form, it is necessary to first arrive at contextual relationships among various factors.
To aggregate the 25 responses of individual experts and customers, mode is used as
a method of compilation. The IRM for impulse buying behavior in supermarket is
depicted in Table 2.
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Table 1 Factors identified in the store environment

Factors References Factors References

Lighting (F1) [4, 7] Employee friendliness (F6) [5, 15]

Layout (F2) [7, 8] Degree of socialization (F7) [16, 17]

Music (F3) [9, 10] Crowding (F8) [10, 15]

Merchandizing display (F4) [11, 12] Scent (F9) [14, 18]

Temperature (F5) [13, 14] In-store promotional activities
(F10)

[1, 19]

Table 2 IRM for store environment on impulse buying behavior

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

F1 1 1 1 1 0 0 0 0 0 1

F2 0 1 0 0 0 0 0 0 0 1

F3 0 0 1 0 0 1 1 1 0 0

F4 0 1 1 1 0 0 1 1 0 1

F5 0 0 0 0 1 1 0 1 0 0

F6 0 0 0 0 0 1 1 1 0 1

F7 0 1 0 0 0 0 1 0 0 1

F8 0 1 0 0 0 1 0 1 0 1

F9 0 0 0 0 0 1 1 1 1 1

F10 0 0 0 0 0 0 0 0 0 1

Use transitivity check to design the final reachability matrix (FRM): A process
called the transitivity check is used to arrive at the final reachability matrix. If K =
L and L = M; then K =M. The FRM depicts in Table 3.

Splitting up the reachability matrix into partitions: In this step, the reacha-
bility matrix is partitioned into three sets, viz. reachability set, antecedent set, and
intersection set.

Interaction matrix: The interaction matrix is designed using the direct links as
well as the transitive links that are significant.

Using the digraph to create the TISM technique: At the final level, an entity known
as the digraph is created. The model prepared using the TISM approach is shown in
Fig. 1.
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Table 3 FRM for store environment on impulse buying behavior

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 Driving
power

MICMAC rank

F1 1 1 1 1 0 1* 1* 1* 0 1 8 1

F2 0 1 0 0 0 0 0 0 0 1 2 7

F3 0 1* 1 0 0 1 1 1 0 1* 6 4

F4 0 1 1 1 0 1* 1 1 0 1 7 3

F5 0 1* 0 0 1 1 1* 1 0 1* 6 2

F6 0 1* 0 0 0 1 1 1 0 1 5 5

F7 0 1 0 0 0 0 1 0 0 1 3 6

F8 0 1 0 0 0 1 1* 1 0 1 5 5

F9 0 1* 0 0 0 1 1 1 1 1 6 2

F10 0 0 0 0 0 0 0 0 0 1 1 8

Dependence 1 9 3 2 1 7 8 7 1 10

*indicates transitive links

4 Results and Discussions

4.1 Interpretive Interaction of the TISM Model

According Fig. 1 demonstrates the results of the TISM analysis of the factors in the
supermarket environment that influence impulse buying behavior in supermarkets.
The model describes seven levels of factors. Interpretive interactions between the
factors are as follows:

F1 to F2: The layout of products may be adjusted to suit the lighting system put
in place, for the ease of movement and viewing of the customers.

F1 to F3: If the music is not played in tune with the aesthetic appeal created by
the lighting system in place, then it may not appeal to the customer’s senses.

F1 to F4: Products may appear more attractive under the right kind of lighting.
On the contrary, bad lighting can ruin the aesthetic appeal of a product.

F1 to F10: The right kind of lighting can augment the in-store promotional
activities by highlighting the visual appeal of the activity in the customer’s eyes.

F2 to F10: The layout of products in the supermarket can make it physically easy
for in-store promotional activities to be carried out.

F3 to F6: The mood of employees working in 12-h shifts may change as a result
of the pleasantness of music.

F3 to F7: Older people may not prefer supermarkets with loud/rock music.
F3 to F8: Unappealing and loud music can drive out customers.
F4 to F2: The layout must be adjusted to accommodate the diverse degrees of

attractiveness of products so as to obtain the right kind of appeal.
F4 to F3: Supermarkets with more attractive merchandizing displays tend to back

up their displays with more exotic music.
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Significant transitive link
Direct links 

Fig. 1 TISM Model for impulse buying factors
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F4 to F7: The attractiveness of merchandizing display may influence customers
to bring along younger companions to visit the supermarket.

F4 to F8: Visually appealing merchandize can bring more customers into the
supermarket.

F4 to F10: The visual appeal of merchandizing display may make for aesthetic
viewership and positive acknowledgement of in-store promotional activities.

F5 to F6: Extreme temperatures can create an unpleasant working environment,
leading to less friendlier employees.

F5 to F8: Extreme temperatures may make the customers feel uncomfortable.
F6 to F7: Supermarkets with more friendly employees may make it an attractive

option to take kids and older people along.
F6 to F8: Employee friendliness may cause the inflow of customers to increase

as a result of pleasant shopping experiences.
F6 to F10: Customers are likelier to pay heed to in-store promotional activities if

they are delivered by friendlier employees who create pleasant shopping experiences
for them.

F7 to F2: Bringing along hyperactive companions like kids may be feasible only
if the layout is designed appropriately.

F7 to F10: The age-related demography of the customers visiting the supermarket
may affect the genre of in-store promotional activities put in place.

F8 to F2: The degree of crowding in a supermarket may force the supermarkets
to alter the layout appropriately so as to accommodate the crowd.

F8 to F6: Employees who work on long shifts may not be too high in spirits
after/while attending to a large crowd.

F8 to F7 (Significant transitive link): The degree of how crowded a supermarket
is may affect the likelihood of customers bringing along companions who are very
young/old, owing to their special requirements of care.

F8 to F10: The crowding that happens in a supermarket maymake it more difficult
for the in-store promotional activities to happen owing to diverted resources.

F9 to F6: Employees may not be able to exercise friendliness in a foul-smelling
environment, as a result of their dampened moods.

F9 to F7: Supermarkets with dense/pungent smells may not be preferable for
taking older people along.

F9 to F8: The pleasantness of scent inside the supermarket can influence more
people to visit the supermarket.

F9 to F10: Good scent can accentuate the positive aspects of in-store promotional
activities by creating a sensually appealing experience for the customers.

4.2 MICMAC Analysis of the Store Environment

MICMAC refers to ‘Matrix Impact Cross Multiplication Applied to Classification.’
It classifies the given factors into four different zones: the first zone comprises the
autonomous factors; the second zone comprises dependent factors; the third includes
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the linkage factors; and the fourth zone comprises the independent/key /driving
factors [31–37]. It defines the relationships between various factors and gives them
a rank.

This present study has found no relevant autonomous factors, i.e., factors that
have both less driving and dependent power. It only comprises the driving, linkage,
and dependent factors. The driving factors are found to be factors 1, 4 5, 9, and 3.
This being the case, and the significance of the driving factors becomes even more
crucial. The linkage factors are found to be 6 and 8. These factors have both high
dependent and driving power. The dependent factors are 7, 2, and 10. These factors
depend on the driving factors to establish a significant amount of presence.

The ranking as per the MICMAC analysis for the ten factors considered for
the study of impulse buying behavior in supermarkets is depicted in Table-3. The
MICMAC rank computes extremely critical ratios by dividing the driving power by
the dependence [38–41] of each factor. The MICMAC ranks show the importance of
each factor in the entire systemof the chosen store environment factorswith reference
to impulse buying behavior in supermarkets. Factor 1, corresponding to lighting, is
clearly the most important factor according to the MICMAC analysis. It is the fore-
most driver in the system of chosen factors. Apart from factor 1, the factors 4, 5, 9,
and 3 are also found to be ranked at the top so as to indicate criticality and importance
in driving the entire system. Factor 4 refers to merchandizing display which refers to
the attractiveness of the products; factor 5 stands for the in-store temperature; factor
9 refers to the scent in the store environment; and factor 3 refers to the music being
played out at the background. Managers in supermarkets can leverage these driving
factors to influence impulse buying behavior.

5 Conclusion

This paper has identified ten major factors of the store environment in a supermarket,
which are responsible for customers’ impulse buying behavior. TISM model formu-
lated through the approaches provide an insight as to which factors drive the entire
system of chosen factors relating to customer impulse buying behavior. As per the
TISM model developed using the chosen ten factors, managers in supermarkets can
use the factors in various manners to elicit various intensities of impulse buying
behavior on the part of customers. The driving factors of the model from the in-
store environment, instrumental in controlling the entire system of chosen factors,
are found out to be lighting, merchandizing display, temperature, scent, and music.
The linkage factors are employee friendliness and crowding. The dependent factors
are degree of socialization, layout, and in-store promotional activities. Managers in
supermarkets can use this framework as a model, on which to base their actions
with regard to the importance they place on each factor, when they decide to act on
improving customer impulse buying behavior. After all, every supermarket has its
own nuances with regards to the intensities of application of the ten chosen factors. It
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is also important to note that the ten factors chosen for this study are not an exhaustive
list of the possible in-store environmental factors.
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Modelling the Factors of Environmental
Sustainability in Healthcare Dispensaries

M. Suresh and S. V. Krishnan

Abstract Sustaining the environment as it is in which we are living has become
a challenging task to the mankind. Dispensary still acts as primary health centre
(PHC) in many parts of India. In this paper, interpretive structural modelling (ISM)
approach has been used to identify the interrelationship between the factors and
identifying key/triggering factors using MICMAC analysis. This framework helps
to the administrators to enrich the environmental sustainability practices in their
dispensaries. This study results indicates that standard operating procedure is the key
influencing factor followed by management of hazardous substances and resource
usage for maintaining environmental sustainability in dispensaries.

Keywords Environmental sustainability · Healthcare · Dispensary · Primary
healthcare · Interpretive structural modelling

1 Introduction

People’s longevity and increasing scale of global population are no secrets in today’s
world. In fact, according to the report by the United Nations projects, the earth will be
filled by more than 10 billion people by the year 2100 [1]. The increase in population
is directly proportional to the increase in the use of natural resources,which ultimately
would lead to a saturation point. This increase in the population and utilization of
resources are one of the main reasons why environmental sustainable development
is very important, and through such development we can conserve something for our
future generations.

The mankind will be forced to seek the hospital or dispensary, if they do not take
care of the environment. The overall value of Indian healthcare market around US$
100 billion, and by 2020, it is expected to be around US$ 280 billion [2]. There
are many environmental sustainability projects undertaken around the world but it
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would be more effective if it started from our end. This paper helps in identifying
the factors which can influence the environmental sustainability in a dispensary.

The interrelationship between these factors and the order of influence between
each factor can be found with the help of the interpretive structural modelling (ISM)
approach and used MICMAC analysis for categorizing the factors. This study will
help in identifying the key factors that play amajor role in determining environmental
sustainability in dispensary.

2 Literature Review

The literature review is classified into two parts: environmental sustainability practice
and ISM approach. The first part is about the environmental sustainability practice
followed around the world and the second part is about the ISM approach and its
application on various fields.

2.1 Literature Review on Environmental Sustainability

Sustainability is considered as one of the most important tools of survival in this
competitive business world [3]. Ljungberg [4] discussed four complications such
as pollution, over consumption, resource consumption and overpopulation as the
reasons for the state of being unsustainable. Sangeeth Kumar and Gokulachandran
[5] studied cleaner production strategies based on environmental sustainability,maxi-
mization of waste reduction, recycling and reuse in cleaning equipment manufac-
turing company. Vinodh et al. [6] discussed the sustainability valuation has become
an important tool to move in the direction of sustainability. Cui et al. [7] applied envi-
ronmental sustainability index to measure the sustainable development of Shandong
province in China. Hai et al. [8] analysed the sustainable development of health and
environmental sustainability in Vietnam.

2.2 Literature Review on ISM Approach

Jain and Banwet [9] applied ISM for the analysing critical factors in telecom operator
space.Mahajan [10] applied ISM for analysing quality factors ofmanagement educa-
tion in India. Bag [11] identified the interrelationship between the factors of flexible
manufacturing system using ISM approach. Mandal and Deshmukh [12] applied
ISM approach to determine key enablers for vendor selection process. Kumari et al.
[13] applied ISM for analysing the rural marketing barriers.

Meena and Thakkar [14] developed a balanced scorecard for healthcare system
with the help of ISM and analytic network process. Sharma and Singh [15] used ISM
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as a tool to identify barriers in knowledge sharing of an organization. Satapathy et al.
[16] applied ISM for analysing service quality factors of e-electricity utility service.
Azar and Bayat [17] applied ISM for process orientation factors. Sarkar and Panchal
[18] developed a project risk management framework using ISM.

3 Research Methodology

Preserving the environment and sustaining it for the future generations has become
important to the mankind. Thus, the responsibility lies with each and every one of us
and also on all organizations to maintain the environmental sustainability for a better
future. This paper focuses on the identification of environmental sustainability factors
which influence the day-to-day dispensary operations and analysing the relationship
between the factors using ISM. The various factors that influence environmental
sustainability in hospitals are identified by the study of published works in this area.
The identified factors are shortlisted with the help of experts based on the impact
of environmental sustainability of dispensary. The experts are doctors and nurses of
selected dispensaries located in Tamil Nadu, India.

ISM method involves the following steps:

1. Identification of factors that will affect the environmental sustainability in
dispensaries (Table 1).

2. 2. Self-Structural Interaction Matrix (SSIM): It is prepared based on the
contextual relationship between the pair of factors [19–22] and it is shown below:
Example: Relationship between the factors x and y ?
Option-1: V: x influences y.
Option-2: A: y influences x.
Option-3: X: mutual relationship between x and y.
Option-4: O: no relationship between x and y.
SSIM is developed based on the consensus of the 23 experts’ opinions, and it is
shown in Table 2.

3. Initial Reachability Matrix (IRM): It is developed from SSIM [23–26]. The IRM
has been shown in Table 3.

4. Final Reachability Matrix (FRM): It is developed from IRM through transitivity
analysis which follows that if F= G, G= H, then F= H [27–30]. The FRM has
been shown in Table 4.

5. Partition of the FRM: The FRM is then partitioned into different levels [31, 32],
and the MICMAC ranks are captured in Table 4.
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Table 1 Identified factors for environmental sustainability

Factors Definition References

Waste management system (T1) Establish and practice an appropriate
waste collection system for waste
disposal

[33]

Management of hazardous substances
(T2)

Establish hazardous waste collection
system and safe handling practices

[33]

Energy conservation (T3) Knowledge of energy consumption and
efficient use of practice

[33]

Green image (T4) Maximum use of eco-friendly products
to maintain the green image

[33]

Recyclability (T5) Ability to recycle products/processes,
waste and materials to reduce resource
consumption

[33]

Resource usage (T6) Make the most efficient use of available
resources and utilize natural resources

[33]

Standard operating procedure (T7) Certain procedures followed in
dispensary for various treatments

[34]

Reducing Air pollution (T8) Air pollution that may be caused by
using various equipment and chemicals
in dispensary. Try to avoid or minimize
the air pollution in dispensary

[35]

Renewable energy (T9) Percentage of renewable energy used
when compared to total energy utilized

[36]

Green building initiatives (T10) The initiative taken in a dispensary in
order to maintain a green environment

[37]

Table 2 SSIM for environmental sustainability

Factors T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

T1 1 A O V A A O A O V

T2 1 O V O O A V O V

T3 1 O O A A O V O

T4 1 A O O A X V

T5 1 O A O O O

T6 1 A O O O

T7 1 O O O

T8 1 O V

T9 1 V

T10 1
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Table 3 IRM for environment sustainability

Factors T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

T1 1 0 0 1 0 0 0 0 0 1

T2 1 1 0 1 0 0 0 1 0 1

T3 0 0 1 0 0 0 0 0 1 0

T4 0 0 0 1 0 0 0 0 1 1

T5 1 0 0 1 1 0 0 0 0 0

T6 1 0 1 0 0 1 0 0 0 0

T7 0 1 1 0 1 1 1 0 0 0

T8 1 0 0 1 0 0 0 1 0 1

T9 0 0 0 1 0 0 0 0 1 1

T10 0 0 0 0 0 0 0 0 0 1

Table 4 FRM for environment sustainability

Factors T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Driving Power MICMAC rank

T1 1 0 0 1 0 0 0 0 1 1 4 6

T2 1 1 0 1 0 0 0 1 1 1 6 2

T3 0 0 1 1 0 0 0 0 1 1 4 5

T4 0 0 0 1 0 0 0 0 1 1 3 7

T5 1 0 0 1 1 0 0 0 1 1 5 3

T6 1 0 1 1 0 1 0 0 1 1 6 2

T7 1 1 1 1 1 1 1 1 1 1 10 1

T8 1 0 0 1 0 0 0 1 1 1 5 4

T9 0 0 0 1 0 0 0 0 1 1 3 7

T10 0 0 0 0 0 0 0 0 0 1 1 8

Dependence 6 2 3 9 2 2 1 3 9 10

1 indicates transitive links

4 Results and Discussions

The ISM digraph is obtained from the final FRM, and it depicts in Fig. 1. The
digraph is a visual representation of the various relationships between the factors
and the levels at which they are positioned. Top level indicates level-1, and bottom
level indicates least level.

Group I:

Autonomous factors: These factors have weak driving power and weak dependence
power [38, 39]. In this case, autonomous factors are recyclability (T5), energy
conservation (T3) and reducing air pollution (T8).
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T10

T4 T9

T1 T3

T5 T8 T6

T2

T7

Fig. 1 ISM for the environmental sustainability factors

Group II:

Dependence factors: These factors have weak driving power and strong dependence
power [40, 41]. In this group we have four factors, waste management system (T1),
green image (T4), renewable energy (T9) and green building initiatives (T10).

Group III:

Linkage factors: These factors have strong driving power as well as strong depen-
dence power [42, 43]. The absence of linkage factors in this study indicates that all
the key factors are directly impacts on dependent factors.

Group IV:

Driving factors: These factors also called key or triggering factors. These factors
have strong driving power and weak dependence power [44, 45]. In this group, we
have three factors, management of hazardous substances (T2), resource usage (T6)
and standard operating procedure (T7).

The MICMAC rank is calculated through driving power divided by dependence.
It depicts in Table 4. This rank 1 factor indicates highest priority, and rank 8
indicates least priority and appropriately given importance to the improvement of
environmental sustainability practices in dispensaries.
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5 Conclusion

In the dynamic environment, implementation of environmental sustainability prac-
tices in our everyday business or process has become necessary in order to conserve
the environment for our future generations. This model enables managers to iden-
tify key factors in the implementation of environmental sustainability in dispensary.
These factors are to be considered for the successful implementationof environmental
sustainability in dispensary. This study focuses on ten major identified factors using
the ISM approach. The MICMAC analysis provides the classification of factors.
This gives a direction to the dispensaries for concentrating on the important factors
required for the implementation, and the dispensaries will be able to prepare their
own action plan in maintaining environmental sustainability successfully.

In the current study, green building initiatives have been inferred as the most
dependent factor. The other factors have been distributed at various levels in the
order as: green image and renewable energy at level–2, waste management system
and energy conservation at level–3, recyclability, resource usage and reducing air
pollution at level-4, management for hazardous substances at level-5 and standard
operating procedure at level-6. This ISMmodel was developed based on the experts’
opinions of the particular region. Future work could be extended to the opinion of
different regional experts and investigates the barriers to successful implementation
of environmental sustainability in dispensary. The structural equation modelling can
be applied for statistical validation of this model.
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Manufacturing Flexibility Assessment
Using Multi-Grade Fuzzy: A Case
of Garment Industry

R. Sowmiyaa Sri and M. Suresh

Abstract Flexibility in manufacturing is an effective way of confronting the uncer-
tainties of the rapidly changing environment. The paper develops a conceptual frame-
work for assessing the manufacturing flexibility level of a garment industry using
multi-grade fuzzy approach. Flexibility is the ability and willingness to change
or compromise to perform better. The flexibility attributes are classified based on
importance-performance analysis (IPA). The study indicates that the case industry
has become ‘flexible’ but has scope for improvement. Using this framework, the
company can better evaluate its manufacturing flexibility and the areas that the
company needs to focus on to improve its flexibility.

Keywords Manufacturing flexibility · Flexibility in garment industry · Production
flexibility · Multi-grade fuzzy · Importance-performance analysis

1 Introduction

As globalisation increases, market competitive pressure increases. The ability to
compete is an essential requirement for organisation’s survival in the manufacturing
industry. The evolving market needs cause constant changes in the product life cycle,
setup times and cost–benefits. Flexibility in manufacturing is an effective way of
confronting the uncertainties of this rapidly changing environment. Flexibility is the
ability of the manufacturing firm to adapt to changes and the uncertainties associated
with them. The aim of the study is to first find the enablers, criteria, and attributes that
affect themanufacturingflexibility and assess themusingmulti-grade fuzzy approach
and identify the weaker attributes that the firmmust work on to increase its flexibility
index. A case of a garment industry is taken for assessing the flexibility. Garment
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industry is taken becausemost garmentmanufacturing unitswork only toward quality
and not flexibility. They still follow the traditional method and are not yet digi-
tised completely. In this paper, six enablers of flexibility are discussed viz. product,
process, strategy, technology, workforce, and customer–supplier management.

2 Literature Review

According to [1], flexibility refers to thefirm’s capability tomake intentional changes,
respond to anticipated changes and adjust to the consequences of these changes. Das
and Caprihan [2] refers manufacturing flexibility as the system’s ability to adapt to
consumer demand andmarket conditions. Normally, computing an accurate estimate
of the flexibility for an organisation is difficult due to varying contribution levels of
underlying elements. [3] describes product flexibility as the flexibility of the intro-
duction of new products andmodification of the existing products likemaking design
changes and adding value to the product. The number of new products produced per
year, the time required to produce those new products, the cost of producing new
products, etc., come under product flexibility. As per [4], the range of volumes can
be produced, and time and cost required for changing the required quantity come
under volume flexibility. Expansion flexibility is the additional capital required for
increasing the plant capacity with small marginal investments [5]. Process flexibility
is the ability to produce a new set of part patterns with different batch sizes [6].
Rerouting, transfer speed, and substitutivity are the factors that come under process
flexibility [7].

Based on the literature review, it was found that no research has been reported
on the evaluation of manufacturing flexibility in a garment industry using a multi-
grade fuzzy and IPA. This study has for the first time developed the manufacturing
flexibility assessment framework for the garment industry using multi-grade fuzzy
and IPAs.

3 Conceptual Model for Assessing Manufacturing
Flexibility

A conceptual model has been developed to estimate the manufacturing flexibility of
a garment industry and is shown in Table 1. This conceptual model is derived from
the literature review and experts’ opinion. The multi-grade fuzzy logic approach has
three levels. The first level consists of six enablers, the second level has the criteria,
and the third level consists of the various attributes corresponding to each criterion.
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Table 1 Conceptual model to assess manufacturing flexibility in a garment industry

Enablers Criteria Attributes

Product flexibility (I1) Customisation (I11) New product introduction (I111)

Response to changing market
requirement (I112)

Value addition to products (I113)

Volume (I12) Range of volume (I121)

Time required to increase or
decrease the output (I122)

Cost required to increase or
decrease the volume of output
(I123)

Process flexibility (I2) Material handling flexibility
(I21)

Rerouting (I211)

Transfer speed (I212)

Substitutability (I213)

Expansion flexibility (I22) Modularity index (I221)

Expansion ability (I222)

Workforce flexibility (I3) Human knowledge and skills
(I31)

Multi-skilled and flexible people
(I311)

Job rotation system (I312)

Training and workforce skill
update (I313)

Team work (I32) Cross-functional team (I321)

Empowerment and centralised
decision making (I322)

Technology flexibility (I4) IT integration (I41) Online order tracking (I411)

E-bills (I412)

Paperless work (I413)

Manufacturing setup (I42) Less time for changing
manufacturing setups(I421)

Automated tools for reducing
repeated work (I422)

Upgradation of machines (I423)

Customer and supplier
management (I5)

Supplier (I51) Delivery of multiple kinds of
materials as per the requirements
(I511)

Involvement of suppliers (I512)

Customer requirement and
feedback (I52)

Communication media to collect
the customer responses (I521)

Effective system for handling
customer complaints (I522)

(continued)
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Table 1 (continued)

Enablers Criteria Attributes

Empowerment of personnel to
resolve customer problems (I523)

Strategy flexibility (I6) Quality (I61) Products exceeding customer’s
expectations (I611)

Innovation in product design
(I612)

Survey/feedbacks to ensure
quality status (I613)

Time management (I62) Scheduled activities (I621)

Effective and immediate
communication—information
flow on time (I622)

Adoption of time compression
technologies (I623)

4 Research Methodology

The literature review on manufacturing flexibility was conducted to identify the rele-
vant enablers, criteria, and attributes. A garment industry was chosen, and employees
in the managerial level or above were interviewed to rate the attributes. The weigh-
tage for calculating the manufacturing flexibility based on the conceptual model
developed is done by collecting data from experts in various garment industries.

4.1 About Case Company

The study was done in one garment manufacturing unit from Tirupur, Tamil Nadu,
India (hereafter referred to as XYZ Garments). XYZ Garments are hosiery garment
manufacturer with inbound printing and embroidery services. XYZ is specialised
in manufacturing t-shirts for multiple international brands. Knitting and dyeing are
outsourced, whereas all other processes like cutting, ironing, packing, and stitching
are done within that company. The company aims to expand further and double the
turnover.
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4.2 Assessment of Flexibility Using Multi-grade Fuzzy

The manufacturing flexibility is denoted by I. It is the product of mean normalised
weightage of the expert opinions represented by W and the overall rating factor R
[8–12]. The equation for flexibility is given by I = W*R.

Regarding the weightage of the enablers, criteria, attributes, and case company
attributes, ratings are captured using the following scale (Table 2):

Calculating flexibility factor includes fuzzy determination, and hence, the assess-
ment is categorised into five grades, I = (10, 8, 6, 4, 2) where the range 8–10 repre-
sents that the garment industry is ‘extremely flexible’, 6–8 represents ‘flexible’, 4–6
represents ‘moderately flexible’, 2–4 represents ‘non-flexible’, and 0–2 represents
‘extremely non-flexible’. Five experts were interviewed for the assessment of manu-
facturing flexibility in the XYZ garment industry. Five experts from five different
garment industries contributed to the discussion meeting for weightage of flexibility
enablers, criteria, and attributes. Experts’ opinions mean normalised weightage of
enablers, criteria, and attributes, and the attribute ratings are captured in Table 3.

4.2.1 Primary-Level Assessment Calculation

The calculations that were applied for the criteria ‘customisation’ are shown below:
The weightage corresponds to the criteria ‘customisation’ W11 = (0.32, 0.36,

0.32). Rating vector for the criteria ‘customisation’ is given by

R11 =
⎡
⎣
7 8 8 8 8
9 8 8 9 9
8 8 8 7 8

⎤
⎦

Index calculation for the criteria ‘customisation’ is I11 = W11* R11.
I11 = (8.0, 8, 8, 8.0, 8.36).
Similarly, the index for other manufacturing flexibility criteria is computed.

Table 2 Weightage and
rating scale for enablers,
criteria, and attributes

Scores Level

0–2 Very low

2.01–4 Fair

4.01–6 Normal

6.01–8 Good

8.01–10 Excellent
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Table 3 Factor ratings and expert weightages

Ii I ij I ijk R1 R2 R3 R4 R5 Wij Wi W

I1 I11 I111 7 8 8 8 8 0.32 0.51 0.19

I112 9 8 8 9 9 0.36

I113 8 8 8 7 8 0.32

I12 I121 8 9 10 8 9 0.35 0.49

I122 8 9 10 8 9 0.34

I123 7 8 9 8 7 0.30

I2 I21 I211 7 9 8 7 6 0.31 0.55 0.16

1212 9 8 7 8 8 0.34

I213 9 8 8 9 9 0.35

I22 I221 7 7 6 7 7 0.49 0.45

I222 7 8 6 7 6 0.51

I3 I31 I311 8 9 8 8 9 0.31 0.49 0.17

I312 9 8 7 9 9 0.34

I313 9 8 8 9 9 0.35

I32 I321 9 8 7 8 9 0.50 0.51

I322 8 7 7 8 7 0.49

I4 I41 I411 6 7 6 5 6 0.29 0.47 0.15

I412 8 6 7 8 7 0.35

I413 7 8 6 7 7 0.35

I42 I421 8 8 7 8 7 0.3 0.53

I422 8 8 9 8 7 0.35

I423 9 8 9 7 8 0.35

I5 I51 I511 9 8 8 8 9 0.51 0.50 0.17

I512 8 9 9 8 8 0.49

I52 I521 8 8 9 8 8 0.32 0.49

I522 8 9 8 9 8 0.33

I523 8 9 8 7 9 0.34

I6 I61 I611 9 8 8 7 9 0.35 0.51 0.16

I612 8 7 8 7 7 0.35

I613 8 9 8 8 7 0.30

I62 I621 7 8 9 9 8 0.34 0.49

I622 8 8 9 8 8 0.34

I623 8 7 7 8 8 0.33
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4.2.2 Secondary-Level Assessment Calculation

The calculations that were applied for the enabler ‘product flexibility’ is shown
below: the weightage corresponds to the enabler ‘product flexibility’ W1 = (0.51,
0.49). Rating vector corresponding to the criteria ‘product flexibility’ is obtained
from primary-level assessment results.

Index calculation for the enabler ‘product flexibility’ is I1 = W1* R1.
I1 = (7.87, 8.34, 8.829, 8.02, 8.38).
Similarly using the same concept, the index for the other flexibility enablers is

also computed.

4.2.3 Tertiary-Level Assessment Calculation

The calculation to find the manufacturing flexibility index of case XYZ Garment
industry is as follows: Overall weightage W = (0.187, 0.159, 0.167, 0.151, 0.171,
0.163).

Overall rating vector is given by R which is obtained from results of secondary-
level assessment calculations.

Flexibility index I = W ∗ R

I = (8.04, 8.03, 7.88, 7.85, 7.92)
I = (8.04 + 8.03 + 7.88 + 7.85 + 7.92)/5
I = 7.94

4.3 Classification of Flexibility Attributes Using IPA

IPA approach helps us to measure the manufacturing flexibility in the case garment
industry. IPA shows the relation between the averageweightage of the expert opinions
and the rating assessment of the chosen garment industry. IPA model is graphically
depicted using a framework separated by four regions [13, 14]. The four regions and
their conjectures are explained in Table 4. Also, the case industry flexibility attributes
are classified into four regions and shown in Table 4.

5 Results and Discussions

Based on the assessment model, the manufacturing flexibility index for the XYZ
Garment Industry is valued at 7.94. It comes under the scale range 6–8, which means
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Table 4 Regions and conjectures of IPA

Region Conjecture

Region 1:
Areas for improvement

This is the highly perceived area for improvements. The attributes in
this region are weighted high by experts, but the garment industry
performance is lesser comparatively. This shows that all attributes in
this region should be given importance and focused
I612, I111, I113

Region 2:
Highly performing area

Attributes in this region are weighted high by the experts, and the
organisation is also performing well in these factors. This is the highly
performing region, and the same should be maintained
I112, I121, I122, I213, I311, I312, I313, I422, I423, I511, I512, I521, I522, I523,
I611, I621, I622

Region 3:
Low-priority area

Attributes in this region are analysed as lower weightage by the
experts. Despite the organisation’s low performance in this region, it
will not disturb the organisation’s overall performance. Less priority is
enough for the attributes in this region
I123, I211, I212, I221, I222, I322, I411, I412, I413, I421, I613, I623

Region 4:
Overkill

The garment industry’s performance on the attributes in this region is
very high, but these attributes are given lower weightage by the
experts. The organisation should reduce focus on this area, and the
management should re-consider the resource allocation and prioritise
the factors for improvement
I321

that the XYZ Garment Industry is ‘flexible’. For extreme flexible, the scale range is
8–10. Thus, we conclude that XYZ has further scope to improve the flexibility index
and move into the ‘extremely flexible’ category.

IPA is done to identify the focus areas for achieving high level of manufac-
turing flexibility. It helped identify the attributes that need to be focused on. New
product introduction, value addition to products, and innovation in product design
are the areas that need to be focused on for improvement. Performances of the above
attributes are comparatively low and require immediate actions to be taken by the
case industry. Responding to changing marketing conditions, flexibility in the range
of volumemanufactured, the time required to cope upwith this volume change,work-
force skill and training, job rotation techniques, handling customer complaints, and
resolving them are the areas where case industry is performing really well. Expan-
sion ability, centralised decision making, online order tracking, paperless work, and
adoption of time compression technologies are areas where case industry performs
low, but these also have low weightage. Hence, these low performing attributes will
not have much impact on overall flexibility. Cross-functional team is the areas where
the case industry’s performance is higher than needed. Managers may reconsider the
resource allocation on the attributes in this region and may focus more on other
attributes that need improvement.
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5.1 Improvement Proposal for the Weaker Attributes

1. Innovation in product design: In this current technology-driven world, in order
to compete, firms have to constantly innovate new service or product. Hence, it
is important to identify customer needs and satisfy the customer demand with
the new product features.

2. Value-addition to products: Every customerwants value addition to their product.
With respect to garments, the value can be in terms of quality of the mate-
rial, organic/eco-friendly fabric and attractive and trending designs at affordable
prices. The organisation should rightly identify the values it can provide and
maintain the competitive advantage.

3. New Product Introduction: If the firm is manufacturing only t-shirts, it should
be ready to add products to its product line like shorts, pants, jackets, etc. They
should have the resource and capacity to add new products.

6 Managerial Implications

The framework proposed in this study helps the garment manufacturing units to
measure its manufacturing flexibility index. This study helps top management to
identify their weak attributes and identify areas of improvement. The management
team will use this framework to focus on the weaker attributes that will drive signifi-
cant changes in their company’s manufacturing flexibility and lead them to maintain
competitive advantage.

7 Conclusion

The main focus of this paper is to assess the manufacturing flexibility in garment
industry. Flexibility refers to the ability of a firm to continuously change and adapt
according to the customer needs and market trends. This research has proposed
a framework to measure the manufacturing flexibility index of garment industry.
This conceptual model developed using multi-grade fuzzy approach. The case XYZ
industry comes under the category of ‘flexible’ but there is still scope to achieve
‘extremely flexible’. IPA is used to identify areas of improvement and areas where
more resources are used and how these inferences can help an industry improve its
flexibility index. This frameworkwas limited to garment industry particularly t-shirts
manufacturing. The scope of this framework can be further expanded by incorpo-
rating additional flexibility attributes related to the textile or clothing, spinning mills
and dyeing industries.
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Leanness Assessment Using Multi-grade
Fuzzy: A Case of Textile Manufacturing
Company

S. Sreedharshini and M. Suresh

Abstract Lean practices are implemented in many small businesses to improve
productivity and increase profitability. This article discusses the assessment of lean-
ness level in a small-scale textile Tape Manufacturing Company (TMC) using a
multi-grade fuzzy (MGF) approach. This approach has a unique advantage of being
concise and avoids bias in computation. The lean enablers, criteria and attributes are
identified through literature review and expert opinions. The weaker attributes are
identified through importance performance analysis (IPA). The results found that
the weak attributes of the case company were smooth information flow, managerial
engagement, consistent operating practice, information transparency and layout. The
proposed framework helps for small-scale tape manufacturing companies to evaluate
their leanness level and focuses on weak attributes to improve leanness.

Keywords Leanness · Lean assessment · Small-scale manufacturing · Importance
performance analysis · Textile ·Multi-grade fuzzy

1 Introduction

Lean is now implemented in many small-scale manufacturing industries in India, but
it is not as effective as it is implemented and used in large-scale industries. Many
companies claim that they are lean practitioners but in reality they are not an effective
lean practitioner. Some of the small-scale industries are not aware of most of the lean
concepts. Waste can be eliminated from their systems by effectively implying and
practicing lean concepts.
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There are other types of small-scale businesses that are unwittingly running lean
practices in their company. Therefore, to understand the effectiveness of lean prac-
tice in the organization, specific industry-related lean attributes are identified and
evaluated. This paper focuses on developing a framework for calculating leanness
level in the organization and simplifying the calculation using the MGF approach.

2 Literature Review

Vinodh and Vimal [1] developed leanness assessment model using fuzzy logic
approach for manufacturing industry. Rakhmanhuda and Karningsih [2] developed
a lean assessment framework. The concept of continuous improvement and lean
can be used as a solution in solving global challenges such as cost-effectiveness,
lead time, quality and safety. Leanness in both quantitative approach and the qual-
itative approach is assessed. In quantitative approach, it measures the application
of lean in accordance with the implemented results and objectives. In qualitative
approach, it reflects the stakeholder’s perception. Bidhendi et al. [3] developed
weighted leanness assessment framework. Leanness index provides a direction to
eliminate or at least reduce manufacturing wastes during the implementation of
lean strategies toward continuous improvement. To measure the leanness level of an
organization more accurately, quantitative methods have been developed using lean
performance metrics. Vidyadhar et al. [4] developed leanness assessment framework
for SMEs using fuzzy logic approach. Vinodh and Balaji [5] developed a decision
support system using fuzzy logic approach for leanness assessment in manufac-
turing industry. Narayanamurthy et al. [6] developed an assessment framework for
readiness for lean implementation in healthcare settings using fuzzy logic approach.
Vimal and Vinodh [7] developed leanness assessment framework using if–then rules
for manufacturing organizations.

3 Conceptual Model for Assessing Leanness

The enablers, criteria and attributes are identified using literature review and expert
opinion in the field. In this framework, four enablers, nine criteria and twenty-nine
attributes are identified to evaluate the leanness level of the case TMC and it is
depicted in Table 1. This conceptual model was derived based on four aspects of
leanness, namelymanagement responsibility [8–10], overall equipment effectiveness
[11], wastage elimination [12–15] and manufacturing leanness [1].

Five experts from a different TMC contributed to the discussion meeting for
weightage of lean enablers, criteria and attributes. Five experts from case TMC
participated in the evaluation for leanness assessment.
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Table 1 Conceptual model for leanness assessment

Enablers Criteria Attributes

Management
responsibility (L1)

Nature of management (L11) Smooth information flow (L111)

Management involvement (L112)

Standard operating procedure
(SOP) (L113)

Organization culture (L12) Information transparency (L121)

Resistance to change (L122)

Cleanliness (L123)

Job security (L124)

Team working skills (L125)

Overall equipment
effectiveness (L2)

Availability (L21) Downtime (L211)

Instantaneous availability (L212)

Performance (L22) Machine utilization (L221)

Production speed (L222)

Quality (L23) Defect rate (L231)

Customer satisfaction (L232)

Rework (L233)

Wastage
elimination(L3)

Cost (L31) Inventory cost (L311)

Overproduction (L312)

Scrap sales (L313)

Transportation cost (L314)

Time (L32) Setup time (L321)

Non-value-added time (L322)

SMED (L323)

Manufacturing
leanness (L4)

Standardization (L41) Process flow standardization
(L411)

IT communication (L412)

Standardization of components
(L413)

Layout (L414)

Pull production (L42) Demand-driven production (L421)

WIP reduction (L422)

JIT delivery (L423)

4 Case Study

This organization is a private textile tape manufacturing organization, which manu-
factures cotton tapes, webbing tapes, twill tapes, etc., operated in a small town from
Tamil Nadu, India. Cotton yarn is purchased from spinning mills. First process of



776 S. Sreedharshini and M. Suresh

manufacturing is stated by converting cotton yarn into warp using warping machine.
This warp is loaded to shuttle loom machine or needle loom machine. There are
almost 60 shuttle looms involved in the process and 10 needle looms.

Needle looms are modern machines that run at a rate five times faster than shuttle
looms. This is an important process for the company to convert the warp into tapes.
Then, the tapes are sent to the packaging.

4.1 Assessment of Leanness Using Multi-grade Fuzzy

This framework helps the managers of the TMC by answering the following research
questions (RQ):

RQ 1: How to measure leanness levels in Textile Manufacturing Company?

RQ 2: What are the attributes that influence leanness in Textile Manufacturing
Company?

RQ3: How to address those weaker attributes to enhance leanness level?
Regarding the weightage of the enablers, criteria, attributes and case, company

attribute ratings are captured using the following scale (Table 2):
The rating and weightage are collected from the experts in manufacturing firms.

Among the collected data, the ratings for negative attributes (minimum is best) are
collected in the reverse order of scale. Themean normalizedweightage of the experts’
opinions and the attribute ratings are shown in Table 3.

4.1.1 Primary Assessment Calculation

The primary assessment calculation is performed by using the below-mentioned
formula. The calculation is performed using data collected for rating and the
weightage calculated from the mean of the attributes.

R11* W11 = L11 [16–18].

Table 2 Importance and rating scale

Scores Level Grades

0–2 Very low Extremely non-lean

2.01–4 Fair Non-Lean

4.01–6 Normal Moderately lean

6.01–8 Good Lean

8.01–10 Excellent Extremely lean
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Table 3 Rating and weightage by experts

LAijk E1 E2 E3 E4 E5 Wij Wi W

LA111 8 7 7 9 8 0.330508475 0.4878 0.2704

LA112 9 7 6 8 7 0.338983051

LA113 7 8 8 9 7 0.330508475

LA121 8 8 7 7 8 0.213903743 0.5122

LA122 7 6 7 7 8 0.14973262

LA123 6 8 5 9 7 0.197860963

LA124 8 8 8 8 9 0.22459893

LA125 8 9 7 8 9 0.213903743

LA211 10 9 8 10 9 0.535211268 0.32 0.2453

LA212 6 7 6 9 7 0.464788732

LA221 10 10 9 8 9 0.548780488 0.328

LA222 9 10 5 9 8 0.451219512

LA231 9 9 6 9 8 0.294117647 0.352

LA232 9 10 7 9 9 0.344537815

LA233 10 5 9 10 8 0.361344538

LA311 4 7 4 8 6 0.2265625 0.494 0.2327

LA312 5 5 5 6 6 0.2109375

LA313 10 7 8 9 8 0.2890625

LA314 8 9 3 8 9 0.2734375

LA321 4 7 7 9 7 0.329545455 0.506

LA322 10 7 8 9 8 0.375

LA323 8 9 3 8 9 0.295454545

LA411 10 9 8 9 9 0.252941176 0.5059 0.2516

LA412 8 9 8 8 9 0.247058824

LA413 10 10 9 9 8 0.258823529

LA414 8 7 7 7 8 0.241176471

LA421 9 8 6 9 8 0.371681416 0.4941

LA422 7 7 6 8 7 0.327433628

LA423 9 10 7 7 9 0.300884956

4.1.2 Secondary Assessment Calculation

The secondary assessment calculation is performed by applying the results from the
primary assessment calculation and using the weightage calculated for criteria of the
data collected.
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4.1.3 Tertiary Assessment Calculation

The tertiary assessment calculation is performed by applying the results from the
secondary assessment calculation and using the weightage calculated for enablers of
the data collected.

Leanness index is found by calculating the average of the resultant matrix. Thus,
the average of L is found to be around 7.9; hence, the TMC is ‘lean.’

4.2 Classification of Lean Attributes Using IPA

The mean of the attribute rating is taken as performance which is the X-axis, and the
weightage of the attributes is taken as the weightage which is in the Y-axis [19]. The
data are plotted in a scattered plot graph, and the average of both the performance and
the weightage is marked using a line in the graph, to section it into four quadrants
[20]. The four quadrants and the inference of IPA are described in Table 4. The
attributes are classified using IPA, and it is depicted in Fig. 1.

5 Results and Discussion

The case TMC leanness level L is found to be around 7.9, which lies in the scale of 6–
8 and which proves that the organization is ‘lean.’ Case TMC is a lean organization,
but there is still scope for improving its leanness to reach the category of 8–10 which
will make the organization ‘extremely lean.’

5.1 Improvement Proposal for Weaker Attributes

The weaker attributes are identified using the IPA. The attributes falling in the
quadrant-1 are weaker attributes, and these attributes deserve more attention. Some
suggestions for improvements have been identified and recommended in Table 5.

6 Conclusion

The main focus of the paper is assessment of leanness level in the case TMC. Lean
implies more efficiency by reducing wastage and improving the ease of process flow.
A multi-grade fuzzy approach is used to create this framework, and IPA is used to
identify weak attributes. Also, suggestions are provided to improve weaker attributes
and gain competitive advantage. The case TMC comes under the category of ‘lean,’
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Q1 Q2

Q3 Q4

Fig. 1 IPA for leanness assessment

Table 5 Weaker attributes identified

Weaker attributes Improvement suggestions

Management involvement (L112) The management involvement is found to be low in this
organization, where it is very important to improve the
involvement of the management. The management should
then and there follow up the flow of processes and encourage
employees

Information transparency (L121) The information transparency should be improved. It helps to
build trust in the views of the employees of the organization
which increases the profitability of the company

Layout (L414) The layout of the manufacturing unit is not very appreciable,
and an effective layout must be built either with the help of
internal/external consultants or by taking time studies

Smooth information flow (L111) The smooth information flow helps the employees and the
managers to take right action at right time. A proper and
efficient communication channel could be set up to enhance
the smooth flow of information

SOP (L113) Standard operation procedure is very important for a
company to set up and follow. SOP could improve the
efficiency and flow of materials and information of the
company. Employees should be encouraged to follow the
SOP
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but there is still scope to achieve ‘extremely lean.’ The scope of this framework can
be further expanded by incorporating additional lean attributes related to the textile
processing industries. Although this framework is well suited to TMC, it can also be
used to evaluate the leanness level of other clothing or garment industries by slightly
changing the attributes used in this framework.

Compliance with Ethical Standards’ Conflict of Interest The authors declare that there is no
conflict of interest in publishing this paper. The authors state the clarification of the anonymization
of the data collection or for questionnaires (if any).
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Pairwise Nonparametric Model Analyzed
Advanced ICT Skills and Adaption
of E-Health Solution in India

K. Ravichandran

Abstract The information and communication technology (ICT) in health will
create a distinct world of all told level. The transformation of the health system
has narrowly targeted on the activity of diseases in hospitals by health professionals.
There is a system targeted on keeping public health by providing them with data to
require care of their health, whenever the requirement arises, and where they will
be available. Hospital administrators and their staff need to properly manage ICT
e-health skills with the mind-set that it can improve quality, strengthen processes and
create its additional economy. The public health service of the government has bowed
down and collapsed. In the vast world, increasing population density, lack of trans-
portation and the resulting hardship, illiteracy, poverty, poor environmental pollution,
poor health, lack of funding and poor eating habits are all contributing factors to the
decline in healthcare services. This paper discusses the challenges and opportunities
in ICT implementation during a healthcare specific to the Indian scenario with pair-
wise nonparametric model analyzed advanced ICT skills and adaption of e-health
and solution of India.

Keywords Information and communication technology—ICT · E-health and
nonparametric model

1 Introduction

India is that the most populous settled country within the world, and it has one-
fourth billion population tending access between urban and rural regions [1, 2].
Indian health services are often very favourable to urban people. Unfortunately, only
one-third of the total population has access to proper health care, especially the 700
million people who do not have access to accurate medical care. The main reason for
this is that 18% of medical professionals are willing to work in urban areas for more
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money and luxury facilities [3]. Nearly, one million Indians die each year without
inadequate tending facilities [4]. “E-health is a rising field inside the convergence
of medicinal data preparing, general well-being and business, bearing on well-being
administrations and the information conveyed or improved through the web and
associated innovations” [5]. Overburdened and folded public healthcare system is
additionally taking the ICT components of the country [6]. The prime objectives are
ICT with Internet service area unit essential for medical professionals, and a body
supported members and patients to prepare, share and access medical services [7].

Increasing health care not only enhances the information and skills of medical
professionals but also empowers ICTs to provide individuals with the information
they need to create intellectual needs for a way to live healthier [8]. As an alternative
to human activities, ICT provides vital health information, health awareness and
counselling to the general public [9].

Evidence-based clinical practice needs sufficient knowledge on the latest devel-
opment in medical science [10, 11]. Automated information management tools like
the Internet, web-based libraries, electronic medical record (EMR), electronic health
record (EHR) and computerized prescriptions are important components. Quality
assurance (QA) is analyzed by total qualitymanagement (TQM) through the comput-
erization of hospitals, so that all processes, including pharmacy, finance and procure-
ment division [12], are audited, including medical and nursing. Computerization
can help inventory and administration machinery, and accurately detect the budget,
time and human error [13]. India faces many difficulties inside the improvement of
compelling e-health arrangements simply like the inactivity of antiquated plans and
ways that of getting things done [14]. There are various questions about the way to
properly modify the health system that technical standard area unit has to be adopted
for the current level of technology [15, 16].

2 Objective of the Study

• The objective is to study the ICT skills in the health sector and challenges of
implementation healthcare system in India.

3 Materials and Methods

Essential information was gathered dependent on the overall population view of the
elements concerning model once a few adjustments. This investigation of data gath-
ered 300 samples fromdoctors, patients, students and IT experts fromnumerous spots
like city town in India. Supposition concerningmedical help quality was evoked from
the point of cutting-edge ICT abilities in the therapeutic segment toward to support
rustic health objective. The research factors of Basic ICT—e-health, Advanced
ICT—e-health, Advanced mobile e-health skill, Perceive easy to use, Behavioral
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adoption, and E-health information usage has been determined by the Technology
Adoption Model (TAM ).

4 Results and Discussion

The results analyzed nonparametric models. Based on the survey conducted, the
participants like doctors, nurse, laboratory technicians and patients belong to
metropolitan cities in India. In total, 328 public participated in the study. Following
knowledge screening, a final sample of three hundred was achieved. A total of 300
samples had been taken for this research: 108 were women (36%) and 192 were men
(64%). In particular, 3% are between the ages of 25 and 30, 30.3% are between the
ages of 26 and 35, 20% are between the ages of 36 and 45 and 19.3% are over the age
of 45. In terms of educational qualification, HSc is 24.7%, UG graduates 25.7%, PG
graduates 33.3% and professional graduates 16.3%. On the marital status, 60.3% are
married and 39.7% are unmarried. In terms of various occupations, the working in
the public sector is -45%, the private sector is -25.7%, the self-employed are -20.7%
and the others are 20.3%.

Tests like Kruskal–Wallis involve quite a pair of samples. They take a glance
at all sample units of measurement from populations with similar characteristics.
This characteristic might even be the distribution, mean or median counting on the
hypotheses. Denote the null hypothesis. Once this overall hypothesis is rejected
at the user-specified significance level (using two-sided p-values apart from the
Jonckheere–Terpstra taking a glance at here), we have got a bent to possibly wish
to know where is the variation unit of measurement among the populations. The
multiple comparison procedure units of measurement have been thought to answer
this research question. Particularly, pairwise multiple comparisons and a stepwise
reduction procedure have taken for multiple comparison analyses. The Pairwise
Multiple Comparisons have all come-at-able combine wise hypotheses like for unit
of measurement tested.

Basic ICT with e-health centers comprehend quality tending, just as access to
protection care as easy to use by weak customer with low negotiation power. Doctors
and attendants accept their aptitudes to work with computers. Advanced computer
usage in the medical sector provides healthcare information and improves public
health. In Fig. 1, if the adjusted p-value is larger than one, it will be significant. The
two-sided p-value area unit is important with the yellow line.

In Fig. 2, if the adjusted p-value is bigger than 1, the two-sided p-values are
significant with the yellow line. Advanced ICT–e-health perceives all the equipment
of ECG level, blood pressure level and other medical measurements that should
have connected to the cloud for using the public utility. Public health is easy to
use by e-health, which is an effective solution to improve access to health care for
people in rural areas. E-health centers receive quality health care, including access to
preventative care and medical record on the cloud, and the doctor can see it and give
me medication, anywhere in the world or anywhere in the city, to motivate public
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Fig. 1 Basic ICT–e-health

Fig. 2 Advanced
ICT–e-health

health system (PHS) with competition and weak customers with low bargaining
power.

In Fig. 3, if the adjusted p-value is larger than one, the two-sided p-value area
unit is important with the yellow line. Advanced mobile e-health skill comprehends
e-health centers get quality tending. ICT helps in therapeutic and nursing instruction,
and health care data improve to open.

In Fig. 4, if the adjusted p-value is larger than one, it is set to one. The calculation
of the two-sided p-value area unit is important with the yellow line. Perceive easy
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Fig. 3 Advanced mobile
e-health skill

Fig. 4 Perceive simple to
use understand

to use, all the instrumentation of ECG graph, blood pressure level, and alternative
medical measures—connected to cloud exploitation the computer as simple to use.
E-health is a good answer to boost access to tending for individuals in rural areas,
as the e-health centers receive quality tending, as well as access to preventative care.
Medical records on the cloud and therefore the doctor will see it and provides the
medication, anywhere within the world or anywhere within the town, to motivate
public health system (PHS).

In Fig. 5, if the adjusted p-value is larger than one, it is set to one. The calculations
of the two-sided p-value area unit are important with the yellow line. Behavioral
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Fig. 5 Behavioral adoption

adoption understands all the instrumentation. The computer is as simple to use by
e-health centers and receive quality tending, as well as access the preventative care
and medical history on the cloud. In Fig. 6, if the adjusted p-value is larger than one,
it is set to one. The calculation of the two-sided p-value area unit is important with a
yellow line. E-health data usage understands to access anyplace within the world and
to avoid medical errors. This study has been analyzed by the technology adoption
model which affirmed that the impression of basic use and utility of e-health had
the most grounded effect on patients. Basic fundamental ICT ability region unit is

Fig. 6 E-health information
usage



Pairwise Nonparametric Model Analyzed Advanced … 789

appallingly intensely identifiedwith cutting-edge e-health and alsowith cutting-edge
ICT aptitudes. The model furthermore builds up that to a lesser degree essential ICT
abilities assume an immediate job in their goal to receive. Propelled e-well-being
abilities were appeared to intervene in the job of apparent straightforward use and
utility on the aim of researchers to receive e-health. This implies e-health innovation
can impact their impression of public health. Indian Vice President Venkaiah Naidu
[17] said that the Indian nation faces many challenges in the healthcare sector and the
lack of adequate medical infrastructure in rural areas is a challenge. It is necessary
for the government to work with the private sector to reach the rural areas with
modern health facilities. He also said there was a shortage of qualified physicians and
concerned about setting up of technologically advanced ICT primary and secondary
health centers.

5 Conclusions

ICT will bolster upgrades inside the nature of social insurance by serving to extend
the capabilities and abilities of well-being and therapeutic experts and in this way
improve the conveyance ofwell-being administrations.However, access to datamight
not be adequate in and of itself. Health professionals ought to gain an understanding
of away to appraise, interpret and apply the data to their specific applications. ICT can
even be instrumental in serving the general public to become additionally enlightened
concerning their health and the way to be healthy, although till a larger share of the
population is online and technologically literate, low-tech solution area unit probably
to be more practical. At long last, information and communication technologies will
assume a solid job in raising the intensity of well-being administrations. Through
Computer-based records in the cloud and option innovative framework building,
human services foundations will higher oversee and offer information along these
lines raising the intensity of the wellbeing framework as a full. Computer-based logs
play an important role in creating a cloud and custom innovative architecture. Such
high-quality facilities are helping to possible to fully elevate the welfare of health
structure in human society.
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Modelling of Surface Roughness
in Wire-EDM Using Response Surface
Methodology Technique

P. Mathan Kumar, D. Dinesh, G. Sundarraju, S. Madheswaran,
and K. Perumal

Abstract Wire EDM is one of the most important and useful machining process
in metal cutting industry due to its minimum heat-affected zone (HAZ) ability near
the machined surface. Surface finish of the machined surface in Wire EDM mainly
depends on the input parameter such as pulse current, voltage, pulse on time,wire feed
and type of dielectric medium. In this current work, surface roughness was taken as
a response characteristics for the analyses and further optimized with selected input
process parameter. Response surface methodology centre composite second-order
rotatable design was used to design the experiments. The selected process parame-
ters for this current study were pulse on time, pulse off time, flushing pressure, wire
tension, servo voltage and wire feed rate. The regression model for surface rough-
ness was established with inclusion of all the input process parameter. Optimized
values were predicted using genetic algorithms. Finally, predicted optimized value
is compared with experimental value, and the closeness with obtained experimental
value is stated interns of percentage.

Keywords Wire electric discharge machining · Surface roughness · ANOVA

1 Introduction

Wire electrical discharge machining (WEDM) is been widely used in die-making
industry, aerospace, medical and practically machine any electrically conductive
material. It is an unconventional machining process which uses continuously feeding
electrically conductive electrode wire to cut the work piece based on the written
programme. Wire electrical discharge machine commonly called as WEDM, and
the conductive wire is fed against the work piece [1]. Majhi et al. [2] have made
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an attempt to determine the optimal process parameters MRR, SR and TWR for
EDM process. Kumar and Kumar [3] have modelled and optimized the WEDM
for the selected input process parameter. To figure out optimum surface roughness
(SR), they selected the input process parameters like pulse on time, pulse off time,
wire speed andwire feed. Taguchi techniqueswas effectively used for optimization of
minimizing the SR. Pasam et al. [4] conducted an experiment inWEDM to determine
the relation among the responses characteristics and its input process parameter.
From the study, they concluded that metal removal rate, surface finish and kerf
width are most important responses to study in WEDM. Lal et al. [5] used Taguchi-
based gray relational analysis, to find the optimal input process parameter setting
for machining composite material using molybdenum wire as an electrode with a
diameter of 0.18 mm. Shivade and Shinde [6] have used same technique to optimize
the D3 tool steel material. Jaganathan et al. [7] have optimized the wire-EDM input
process parameter and output responses characteristics such as material removal rate
and surface finish for EN31 using Taguchi L27 orthogonal array (OA). Pradhan [8]
had run the experiment using Taguchi method and response surface methodology for
designing the experiment and to estimate the optimum machining condition within
the input process parameter range. Sinha et al. [9] have applied Taguchi method for
single objective optimization and principal component analysis (PCA) been used for
multi-objective optimization. Huang and Liao [10] applied grey relational analyses
for optimizing the input process parametr in the WEDM.

The main focus on this paper is to analyse the effect of selected input process
parameter on the surface roughness.

2 Experimentation

The experiment was conducted on ELEKTRA SPRINTCUT 734 four axes WEDM
machine tool. High-carbon high-chromium die steel (HCHCR) was used as a work
piece. The composition of high-carbon high-chromium die steel (HCHCR) work
material used is given in Table 1. Molybdenum wire of 0.18 mm diameter was used
an electrode material for all the run.

The photographic view of the molybdenum wire electrode is shown in Fig. 1.
The other fixed parameter details is given in Table 2. The selected input process
parameters (are pulse on time, pulse off time, servo voltage and wire feed) and their
rangewith coded value are given inTable 3. TheSRwasmeasured by usingMitutoyo-
SJ-201P surface tester on the work piece at four different spot after machining. 4 mm
is chosen as an evaluation length for the measurement. The average value is taken for

Table 1 Chemical composition of high-carbon high-chromium die steel (HCHCR) (wt%)

C Cr Si V Mn Mo

1.54 12 0.32 0.91 0.34 0.76
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Fig. 1 Molybdenum wire electrode

Table 2 Fixed parameters S. no. Fixed parameter Set value

1 Wire material Molybdenum wire of
diameter of 0.25 mm

2 Peak current 230 Amps

3 Pulse in peak voltage 2

4 Servo feed setting 250

Table 3 Input variable and their levels

Variables Symbol Levels

−2 −1 0 1 2

Pulse on time—Ton (µs) A 105 110 115 120 120

Pulse off time—T-off (µs) B 35 40 45 55 10

Servo voltage—Sv (volt) C 10 15 20 25 30

Wire feed rate—Wf (m/min) D 4 6 8 10 12

the analysis. Initially, number of trial runs have been conducted to fix range of input
process parameter range for design of experiment. The resolution of the Mitutoyo-
SJ-201P machine is 0.01 mm. The surface roughness tester machine which used for
this study is shown in Fig. 2.
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Fig. 2 Surface roughness tester

3 Developing the Design Matrix

Response surfacemethodologywas used for to design the experiment. This is used for
experimental modelling of polynomials as limited approximations to get exact input
and output interaction. Centre composite second-order routable design was selected
for record the readings. This is an effective technique comprises of two subset points,
first one which approximate linear and two factor interaction effects and second
subset create curvature effect. It is effective method to predict the interaction and
requiredminimal runs to predict errors. It comprises of 16 corner points, 8 axial points
and 6 central points. The design is given in Table 4. Accordingly, the 30 experimental
runs were conducted to evaluate the linear quadratic and two-way interactive effect
of the WEDM variable on the responses.

4 Development of Mathematical Models

Using the experimental result which is obtained from the central composite-rotatable
design of experiments and applying regression analysis, themodelling of the selected
response with a small quantity of independent input process parameter can be gained.
The response surface exists expressed as follows.

y = a0 +
n∑

i=1

ai xi +
n∑

i=1

aii x
2
i +

n∑

i< j

ai j xi x j + ε (1)

In this equation,

y—the corresponding response surface,

xi and xj—the coded values of input variables and the coefficients

ai, aii and aij—the linear terms, quadratic terms and interaction effects, respectively.
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Table 4 Design of experiments

Run Ton Toff Sv Wf SR (µm)

1 2 0 0 0 3.411

2 1 1 −1 1 3.32

3 −1 1 1 −1 2.91

4 −1 1 −1 −1 2.89

5 −1 −1 1 −1 2.89

6 −2 0 0 0 2.82

7 1 1 1 −1 3.32

8 1 1 −1 −1 3.29

9 1 −1 −1 −1 3.252

10 1 1 1 1 3.25

11 0 0 0 −2 3.087

12 0 0 0 2 3.05

13 0 0 0 0 3.04

14 0 0 0 0 3.04

15 0 0 0 0 3.04

16 −1 1 −1 1 3.02

17 −1 1 1 1 3.011

18 −1 −1 1 1 3.01

19 −1 −1 −1 1 2.991

20 −1 −1 −1 −1 2.95

21 0 0 0 0 3.141

22 0 0 2 0 3.11

23 0 0 0 0 3.11

24 0 0 0 0 3.11

25 0 2 0 0 3.11

26 1 −1 −1 1 3.218

27 1 −1 1 −1 3.191

28 1 −1 1 1 3.19

29 0 −2 0 0 3.159

30 0 0 −2 0 3.152

4.1 Developing the Final Model

As determined by the procedures, the final mathematical models in terms of process
parameter are given below:

SR = +3.10 + 0.15 ∗ A + 9.208E − 003 ∗ B − 0.010 ∗ C + 0.010 ∗ D
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Table 5 ANOVA for SR

Source Sum of square df Mean square F value p-value
Prob > F

Model 0.55 10 0.055 30.13 <0.0001 Significant

A-A 0.52 1 0.52 285.32 <0.0001

B-B 2.04E−03 1 2.04E−03 1.11 0.305

C-C 2.46E−03 1 2.46E−03 1.34 0.2608

D-D 2.46E−03 1 2.46E−03 1.34 0.2608

AB 7.18E−03 1 7.18E−03 3.92 0.0623

AC 6.13E−04 1 6.13E−04 0.33 0.5698

AD 0.014 1 0.014 7.44 0.0133

BC 6.38E−04 1 6.38E−04 0.35 0.5621

BD 2.64E−04 1 2.64E−04 0.14 0.7083

CD 1.81E−05 1 1.81E−05 9.86E−03 0.9219

Residual 0.035 19 1.83E−03

Lack of fit 0.024 14 1.75E−03 0.85 0.6331 Not significant

Pure error 0.01 5 2.06E−03

Cor total 0.59 29

+ 0.021 ∗ A ∗ B − 6.187E − 003 ∗ A ∗ C

− 0.029 ∗ A ∗ D + 6.313E − 003 ∗ B ∗ C

+ 4.062E − 003 ∗ B ∗ D − 1.062E − 003 ∗ C ∗ D (2)

Adequacy of the developed model is checked using ANOVA technique. ANOVA
result is given in Table 5. It found that model is significant, and lack of fit is not
significant. F ratio was greater than the tabulated values at 95% confidence level. R2

and adjusted R2 values are 91.49 and 89.27%, respectively.

5 Confirmation Experiments

In order to verify the developed surface roughness regression model, confirmation
experiment was conducted. One set of values of input process parameter (pulse on
time, pulse off time, servo voltage and wire feed) is taken to feed in the developed
equation. The experimentwas conducted for the same reading. The experiment values
were compared with predicted value. The errors values are in satisfactory level. The
comparison value is given in Table 6.
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Table 6 Optimum process parameter

Process parameter SR (µm) Error

Ton Toff Sv Wf Predicted Experimental

120 55 10 10 3.31 3.24 2.16%

6 Effect of Working Parameters on the Surface Roughness

Figure 3 shows the relationship between pulse on time and pulse off time while
keeping other two parameter as a constant (servo voltage and wire feed). From
the graph, it observed that an increase in pulse current leads to increase in surface
roughness value. It is due to supplying of electrical energy for longer duration which
will produce cracks and void on the machined surface. While considering the pulse
off time in the graph, it found that increase in pulse off time would reduce the surface
roughness. This is due to allowing the time for reaching fresh dielectric medium on
the surface which having minimum carbon content [11, 12].

Figure 4 shows the variation of surface roughness with respect to the servo voltage
and wire feed. From the shown graph, it was noticed that increase in wire feed would
increase the surface roughness. This is due to increase in wire speed which increases
the number of spark with respect to time [13]. This makes the work surface more
voids on the side. In other aspect of the graph, increase in servo voltage would reduce
the surface roughness. This is due to voltagewhich has inverse relationshipwith pulse
current, so that surface roughness getting reduced [14, 15].

Fig. 3 SR versus pulse on time and pulse off time
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Fig. 4 SR versus servo voltage and wire feed rate

7 Conclusion

In this study, influences of process parameter on surface roughness were investigated,
and following conclusion was made:

(i) Wire cut electric discharge machining process has showed its adequacy to
machine high-carbon high-chromium die steel (HCHCR) work material under
acceptable surface finish (Ra) of 3.41 µm.

(ii) The investigation of the selected response (surface roughness) using response
surface methodology—CCD method—has the advantage of explaining the
effect of each input parameter on the value of the resultant response char-
acteristics.

(iii) The list of 30 different input process parametric combinations will act as tech-
nical information for effective machining of high-carbon high-chromium die
steel (HCHCR) work material.

(iv) ANOVA results show that model is significant, and pulse on time has a
significant effect on surface roughness rather than a other parameter.
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Experimental Investigation
on Mechanical Properties of TIG Welded
Dissimilar AISI 304L and AISI 316L
Stainless Steel

A. Ramakrishnan, T. Ramesh Kumar, G. Rajamurugan, V. D. Tamilarasan,
and M. Vijayakumar

Abstract The practice of stainless steel in the industry is persisting in growing regu-
larly. Investigators conducted different experiments for various grades of steels. The
use of austenitic stainless steel (304L) and stainless steel (316L) has been increased
noticeably in building up of railway wagons and modern boilers where corrosion
resistance areas and mechanical properties like tensile strength, toughness, hard-
ness, etc., of the welded zone plays a major role. The objective of the present paper
is to investigate the mechanical properties on dissimilar metal of austenitic stainless
dteel (304) and stainless steel (316) joining under TIG welding process. Single V-
groove butt welding process was carried out using gas tungsten arc welding (GTA)
and shielded metal arc welding (SMAW). The experiment was conducted with iden-
tical parameters such as current, gas flow rate, and nozzle-to-plate distance, and their
effects were investigated. ASTM standards are adopted for the weld specimens, and
the results have been discussed.

Keywords TIG · Stainless steel · Tensile · Hardness and impact

1 Introduction

Steel plays a major role in pharmaceutical, food, biotechnology, construction indus-
tries, etc. The structures and pipelines are exposed to pressure, temperature, corro-
sion, etc., which should possess goodweldability. There are different grades of steels,
where austenitic stainless steel plays a major role in railway wagon construction.
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The construction of railway wagon consists of different grades of austenitic stain-
less steel. The permanent joint is done using dissimilar welding process. Control-
ling the composition in the welded metal is important. Narrow controlling of weld
metal composition leads to avoid weld defects like hot cracking and different phase
formation. In this work, experimental investigation of mechanical properties of 304
stainless steel and 316 stainless steel dissimilar weld is done. The parameters for this
study are taken from the past literature. The author aims to report a novel technology
on tungsten inert gas welding. The study finds that the technology provides consid-
erable cost cut off to the user. The welding technique provides improved quality of
their product and reduces their cost [1]. The primary requirement is to develop strong
high temperature materials. This articles reviews the operational experiences, poten-
tial benefits of the present scenario, and the development in materials that require
focused attention, in respect to power plants with super critical steam conditions [2].
6 mm thick modified X2CrNi12 stainless steel is welded using gas metal arc welding
and tested for microstructural, toughness properties, and mechanical properties for
two different heat inputs. Results reveal that impact toughness is improved due to
refinement of grain size. Tensile properties or bend properties does not get affected
due to coarsening of gains, but the HAZ impact toughness at sub-zero tempera-
tures reduces generally, and this depends on the amount of courser grain structures
and eventual precipitates present [3]. Shielded metal arc welding and gas tungsten
arc welding are used to join AISI 201 and AISI 304 dissimilar weld joint. Tensile
strength and microhardness of the dissimilar weld joints were obtained along with
the microstructure [4]. Three level of speeds are fixed to weld 201 stainless steel
sheet using gas tungsten arc welding process. The welded specimens were tested
for microstructure, mechanical properties, and corrosion. Higher speed is preferred
for welding 201 stainless steel which possess good mechanical, microstructural, and
corrosion properties [5].

304 stainless steel base material welded using gas tungsten arc welding with three
level of heat input parameters low,medium, and high [6]. The effect onmicrostructure
of thematerial due to arc energy produced at different levels of heat input is discussed,
and tensile properties are tested [7]. Different grades of mild steel and stainless steel
dissimilar joints are welded using TIG andMIGwhere better properties are obtained
in TIG welded dissimilar joint compared with MIG. 316 stainless steel is welded
using three different parameters at three levels; gray-based Taguchi method is used
to optimize the parameters to obtained optimum values [8] (Table 1).

Table 1 Welding process parameters

Parameters Unit Samples

1 2 3

Current A 60 80 100

Gas flow rate L/min 4 5 6

Nozzle-to-plate distance Mm 9 12 15
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Fig. 1 Universal testing
machine

2 Welding Procedure Specifications

The shielding gas used for this welding process is argon. The filler rod ER304L holds
good for this base metal combination. Gas flow rate is decided to flow from 4 to 6
L/m. The class diameter range is kept constant at 1.6 mm, and the voltage is varied
from 10 to 12 V. The welding polarity is DCEN—direct current electrode negative
with medium heat input.

3 Testing Methods

3.1 Tensile Test

This dissimilar welding specimen is experimented for its tensile strength using
universal testing machine (UTM) as per ASTM standards. The test was done using
UTM (Tinius Olsen H10KS) that is shown in Fig. 1. Electrodischarge machining
was used to cut the specimen to the required dimension. A constant strain rate of
2 mm/min was maintained. The tensile test specimen is shown in Fig. 2.

3.2 Effect of Weld on Tensile Test

Table 2 shows the test results of different welded samples. The best result is obtained
from the sample no. 2 such that the specifications are 80 A current, 5 L/min of gas
flow rate, and 12 mm nozzle-to-plate distance. The worst result can be obtained from
sample no. 1; thus, the specifications are 60 A current, 4 L/min of gas flow rate, and
9 mm nozzle-to-plate distance.



804 A. Ramakrishnan et al.

Fig. 2 Tensile test sample

Table 2 Mechanical properties of 304 and 316 TIG welded joint

Specimen Yield
load,
N/mm2

Yield
strength,
N/mm2

Tensile
load, KN

Tensile
strength

Initial
gauge
length,
mm

Final
gauge
length

%
Elongation

1 44.24 323.68 58.76 449.04 101.61 106.79 5.11

2 47.90 384.54 60.23 50.61 101.82 108.83 7.01

3 46.07 372.37 59.81 486.2 101.15 107.37 5.83

Fig. 3 Tensile strength

The obtained test results of tensile strength and percentage of elongation are shown
in Figs. 3 and 4.

3.3 Effect of Weld on Hardness Test

From Fig. 5, it shows that sample no. 2 gives the higher hardness value when
compared with other two specimens. So it clearly shows that the combination of
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Fig. 4 Percentage of
elongation

Fig. 5 Rockwell hardness
value

80 A current, 4 L/min of gas flow rate, and 9 mm nozzle-to-plate distance gives the
higher hardness value.

4 Impact Test

Charpy V notch test is conducted to determine the impact or toughness values. The
amount of energy rapt by the material during fracture of welded joint. The toughness
value will change because of the effect of heat input given to the base metal for
making the permanent joint. This will affect the performance of the welded joint.
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Fig. 6 Impact strength

4.1 Effect of Weld on Impact Test

From Fig. 6, it is observed that the value of energy under toughness region for the
samples is 39 Joules, 45 Joules, and 44.5 Joules. From the obtained values, it is clear
that the sample no. 2 with specifications of 80 A current, 4 l/min of gas flow rate,
and 9 mm nozzle-to-plate distance gives the higher impact strength.

5 Conclusions

The welding of two dissimilar austenitic stainless steels 304L and 316L is success-
fully carried out. ER304L is the filler rod used to perform welding. The mechanical
properties were examined. It is found that the sample no. 2 gives the high tensile
strength, hardness value, and impact strength. The welding specifications are 80 A
current, 4 L/min of gas flow rate, and 9 mm nozzle-to-plate distance. It is observed
that sample no. 2 posses higher hardness value compared to other samples.
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Modelling of Factors Influencing Saving
Behaviour of Women in India:
An Interpretive Structural Modelling

M. Suresh , D. Sangeetha, and Sumathi Kumaraswamy

Abstract Saving is the amount of money left over after personal consumption for a
time period, which can be further turned into income. This paper focuses on saving
behaviour of women and emphasis on why do women save and which factors influ-
ence their saving. The purpose of this paper is to identify the variables that influence
saving behaviour of women in India. An Interpretive Structural Modelling (ISM)
has been applied to find key factors influencing women’s saving behaviour in India.
ISM approach is used to recognize the relationship between each factor and identify
the dependence and the driving power of these factors. Finally, this paper concludes
with the most influential factors GDP per capita growth, interest rate, inflation rate
and bank density which influences women’s saving behaviour.

Keywords Interpretive structural modelling · Saving behaviour ·Womens saving ·
Saving influencing factors · Saving systems

1 Introduction

Savings are one of the crucial parts of economic activity. The economic impact is
based on how much a consumer spends and how much a consumer saves. Various
saving motives and the differences in individual preferences and characteristics of
households affecting the saving motives and perceived liquidity constraints across
15 countries in the Euro-zone have been discussed by Blanc et al. [1]. The authors
haveobserved that bothhousehold’s characteristics and institutionalmacro-economic
variables are significant. The cross-country data analysis had also helped in analysing
howcountry-specific institutional settings affect saving behaviour. Choi et al. [2] have
considered how precautionary saving, i.e., saving for future expenses or unexpected
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future situations, influences savings in China and saving of United States being the
world’s two largest economies. In this study, discuss the variables that influence the
women in India to save. This paper helps in understanding the driving factor for
saving based on characteristics related to household as well as economy according
to women in India. ISM approach is used to identify the interrelationships between
factors.

2 Literature Review

Kibet et al. [3] identifies factors that directs savings of the farmers, teachers and
entrepreneurs in seven rural divisions of Nakuru District, Kenya. Study for the result
directed that educational qualification, income, gender, nature of profession influ-
ences the saving behaviour positively while age, loan amount, dependency ratio
influences negatively. Ismail and Rashid [4] analysed the influence of demographic
and socio-economic variables with saving of the household’s for short term and long
term in Pakistan for 1975–2011 using time series data analysis and error correc-
tion model. Athukorala and Sen [5] analysed factors influencing the rate of private
saving in India for the period 1954–98. Analysis shows that growth of per capita
income, inflation rate, spread of banking facilities and real interest rate does positive
impact on domestic saving. Niculescu-Aron and Mihaescu [6] analyses the saving
behaviour in the Eastern and Central Europe households. The study shows following
results: GDP growth influences the saving negatively, interest rate and inflation does
not majorly impact savings. Though crisis impact saving behaviour but they aren’t
fixed. Agrawal et al. [7] have analysed the behaviour of saving in five of the South
Asian countries which are Sri Lanka, India, Bangladesh, Pakistan and Nepal. Their
findings suggest that access to banking facilities and income per capita positively
affect the savings, while availability of foreign savings and dependency ratio impact
negatively on savings rate.

Kapounek et al. [8] identified the psychological and economic factors prompting
the households behaviour of saving in EasternUnion Countries for the period of 2004
to 2014. Using empirical study authors found that the saving manners of households
are more unreasonable especially in the course of financial crisis and economic
downturn. Horioka and Terada-Hagiwara [9] analyses the factors of trends in rate of
household saving in 12 developing countries in Asia using random effect and fixed
effect model for 2001 to 2007. The result of the study includes: income impacts
saving negatively for lower income and positively as income rises; credit negatively
impacts saving rate and real per capita GDP impacts positively. Umar et al. [10]
analyses the influence of socioeconomic variables in saving behaviour of farmers in
Gwaram LGA, Nigeria using multiple regression models and descriptive statistics.
The authors have considered factors including age, number of years of farming
experience, farm size, annual revenue, household size, cost of production, uncertainty
in price, financial institutions and foundyears of education, farm size, annual revenue,
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age as significant variables. Pryor [11] examines shift in demographic composition
of the population becoming the cause for the decline in personal saving in the future.

The main objective of the paper has been converted into the following Research
Questions (RQ):

RQ1: What are the major factors that influencing women’s’ saving behaviour in
India?

RQ2: What is the relationship among these saving behaviour factors?

RQ3: Can these factors be ranked according to priority?

3 Methodology

ISM approach has been applied in diverse fields [12–17]. The following steps are
adopted [18] for the successful application of the ISM model:

Table 1 Identified factors influencing women’s saving behaviour in India

S. No Factor Definition Reference

1 Expected savings (ES) Over the next 12 months, how likely is it
that you save any money?

[8]

2 GDP per capita growth long-term and short-term relationship of
GDP per capita growth and saving

[4]

3 Annual income households’ average net income at
constant prices;

[6]

4 Level of education Educational qualifications viz. primary,
secondary, undergraduate, postgraduate

[10]

5 Age Age group respondents belong to and
years left for retirement

[11]

6 Household size number of person per household [10]

7 Dependency Ratio the ratio of no of unemployed persons in
the house to the household size

[9]

8 Interest rate the relevant rate of real return for most
households and even firms in developing
countries(real interest rate on bank
deposits)

[7]

9 Type of occupation Teacher/business person/others [3]

10 Credit access credit access is normal monthly expenses
on loan repayment

[3]

11 Inflation rate The rate of inflation [5]

12 Bank density Population per bank branch [5]
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Table 2 SSIM for factor influencing women’s saving behaviour

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12

F1 1 O A A A A A A A A A O

F2 1 O O O O O A O O X V

F3 1 X A O A A A V O O

F4 1 O O O O V O O O

F5 1 O O O O V O O

F6 1 V A O O O O

F7 1 O O V O O

F8 1 O O X X

F9 1 O O O

F10 1 O A

F11 1 V

F12 1

1. Factors were identified based on literature review. Table 1 depicts the identified
factors related to saving behaviour of women in India. The data was collected
for these factors from 20 women in India.

2. Self-Structured Interaction Matrix (SSIM) is created to depict the contextual
relationship between two factors [19–22] and it is represented as follows:
Example: Relationship between the factors x and y ?
Option-1: V: x influences y.
Option-2: A: y influences x.
Option-3: X: mutual relationship between x and y.
Option-4: O: no relationship between x and y.
The pair wise comparisons of factors are taken from opinions of 20 women’s.
The highest mode of opinion is selected from the opinions of all experts. The
SSIM is depicted in Table 2.

3. The Initial Reachability Matrix (IRM) is created using the SSIM [23–25] and its
shown in Table 3.

4. Final Reachability Matrix (FRM) is obtained by transitivity analysis from IRM
[26, 27]. Transitivity analysis which follows
First Level transitivity (for 1*): if J = K;K = L; then J = L.
Second Level transitivity (for 1**): if J = K; K = L; L =M then J =M.
Third Level transitivity (for 1***): if J = K; K = L; L =M; M = N then J = N.
FRM for factors influencing women’s saving behaviour is shown in Table 4.

5. Partition of the FRM: The FRM is then partitioned into different levels [28, 29].
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Table 3 IRM for factor influencing women’s saving behaviour

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12

F1 1 0 0 0 0 0 0 0 0 0 0 0

F2 0 1 0 0 0 0 0 0 0 0 1 1

F3 1 0 1 1 0 0 0 0 0 1 0 0

F4 1 0 1 1 0 0 0 0 1 0 0 0

F5 1 0 1 0 1 0 0 0 0 1 0 0

F6 1 0 0 0 0 1 1 0 0 0 0 0

F7 1 0 1 0 0 0 1 0 0 1 0 0

F8 1 1 1 0 0 1 0 1 0 0 1 1

F9 1 0 1 0 0 0 0 0 1 0 0 0

F10 1 0 0 0 0 0 0 0 0 1 0 0

F11 1 1 0 0 0 0 0 1 0 0 1 1

F12 0 0 0 0 0 0 0 1 0 1 0 1

4 Results and Analysis

Directed graph (Digraph) is prepared from level partition and FRM. The digraph is a
visual representation of the various relationships between the factors and the levels
in which they are positioned. Factor at top of the digraph is first level and factors at
bottom level are sixth level. Figure 1 represents the ISM model.

The key factors are 2, 8, 11 and 12 and these factors are influencing a major role
in saving behaviour of women.

F2 influences F11: GDP growth is a result of increase in production which implies
increase in employment, hence increased money in an economy, i.e. leading to
increase in inflation rate.

F2 influences F12: During increasingGDPgrowth there is an increase in employment
which leads to increase in bank users.

F8 influencesF2: Increase in interest rate increases the tendency to save and decreases
the tendency to borrow. Similarly, decrease in interest rate decreases the tendency
to save and increases tendency to borrow leading to more investments and more
spending hence increase in economy growth.

F8 influences F6: Increases in interest rate attract more savers leading to increase
in number of bank users. Similarly Decrease in interest rate attracts more borrowers
leading to increase in number of bank users.

F8 influences F11: Decrease in the interest rate attracts more borrowers leading
to increase in investment and spending, which increases the demand for products.
Hence result in increase in inflation rate. Similarly, increase in interest rate decreases
inflation rate.
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Fig. 1 ISM Model for
factors influencing saving
behaviour of women
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F8 influences F12: Decrease or Increase in interest rate influences rise in number of
bank users thus leading to increase in need of banks in a region.

F11 influences F2: During a controlled inflation, employment increases, consumers
have more money to buy goods and services leading to economy growth.

F11 influences F8: During a high inflation, interest ratewill increase because increase
in interest rate reduces the tendency to borrow and increase the tendency to save.
Resulting in decrease in the amount of money circulated in the economy and fall in
demands of goods and service leading to decrease in inflation. Similarly during a
low inflation, there is a decrease in interest rate.

F11 influences F12: During a controlled inflation, employment increases, leading to
increase in number of bank users, hence increasing the number of banks needed in
a region.

F12 influences F8:When there is an increase inBank density, Customers are attracted
to save leading to increase in supply of money.

5 MICMAC Analysis

MICMAC analysis includes the development of MICMAC Rank and MICMAC
graph. Factors are broadly classified into four zones based on the dependence and
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the driving power, namely, autonomous factors, dependent factors, linkage factors
and independent factor [30–33]. The factors can be explained as below:

1. Autonomous factors: Factors that have weak dependence power andweak driving
power are known as autonomous factors. Factors F5, F6 and F7 are autonomous
factors.

2. Dependent factors: Factors that have a strongdependencepower, butweakdriving
power are known as dependent factors. Factors F1, F3, F4, F9 and F10 are
dependent factors.

3. Linkage factors: Factors that have a strong dependence power and strong driving
power are known as linkage factors. This study has no linkage factors.

4. Driving factors: Factors that have a strong driving power, but weak dependence
power are known as driving factors or independent factors. Factors F2, F8, F11
and F12 are the driving factors in this study.

Table 4 shows the MICMAC Rank for each factor where Rank 1 denotes the most
important factor and Rank 7 denotes the least crucial factors among the factors. Age
is the most critical factor influencing saving behaviour of women in India. Saving
behaviour of women changes according to their age.

6 Conclusion

This paper gives insight onwhydowomen’s save andwhich factor influences themost
to save and how each factor influences each other. The usage of ISM approach has
been useful in identifying the most momentous variables and finding the relationship
between the variables. In this study, the key factors are rate of interest, GDP per
capita growth, rate of inflation and bank density which influences women’s saving
behaviour in India.
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Modelling the Factors of Job Stress
in Audit Firms: A TISM Approach

M. Suresh , R. Srividya, and Sumathi Kumaraswamy

Abstract The purpose of the paper is to identify and categorise the factors causing
stress in audit firms using total interpretive structural modelling (TISM) approach.
The awareness about these factors would help audit firms in understanding the stress
factors and help them in deciding the specific aspects to concentrate on in order
to improve their efficiency. This paper also studies the interrelationship among the
factors and helps to establish a hierarchy among them using their dependence and
driving power. Furthermore, this is the first attempt made to understand these stress
factors and their relative significance using TISM approach. Role conflict pressure
and role ambiguity pressure are the major driving factors of stress in audit firms. The
focus on reducing those pressures would go a long way in reducing the overall stress
in the audit firms.

Keywords Audit firms · Stress factors · Occupational stress · Job stress · Total
interpretive structural modelling

1 Introduction

Occupational stress has been described as a response to environmental pressures.
There are several factors which cause occupational stress in people. Xu [1] has
defined stress as a “series of physiological, psychological and behavioural responses
due to the continuing effects of one or more stressors on individuals in an organisa-
tion”. Colligan and Higgins [2] have defined workplace stress as the change in an
employee’s state, either physical or mental, in response to challenging work places.
When the pressure ismore than a person’s ability to cope upwith, he or she undergoes
stress.
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Stress is common particularly in the healthcare sector, including the nursing
profession. Since it is in direct contact with illness and suffering regularly, occu-
pational stress is very high for people in this profession [3]. Another segment
which faces stress in healthcare industry is communication profession. In health-
care sector, the communication professionals are responsible for both internal and
external communication on behalf of the organisation. Communication professionals
need to understand the macro-environment of the organisation in order to cater to the
needs of various stakeholders [4]. Other stressful areas include academic staff who
generally face stress in the form of heavy workloads, the amount of paperwork, and
the relationships with various students [5].

2 Literature Review

However, stress has been frequently identified with the auditing profession. While
exploring the literature, several studies have dealt with stress factors in audit and
public accounting firms. As auditors interact with a number of people, both internal
and external, they are exposed to a lot of stress associated with their position [6].
From literature, it is clear that there are many critical factors that induce stress in an
auditing firm. De Zoort and Lord [7] have provided a comprehensive framework for
pressure effects in accounting. They have proposed that feedback pressure, social
influence pressures, workload pressure, client and litigation pressure are the major
pressures faced by a public accounting firm. Time constraints and competitive busi-
ness environment, which, in turn, affect client retention, are environmental pressures
faced by the firms. Role characteristic pressures like role ambiguity and role conflict
that can create stress and affect professional attitude are also elaborated.

Smith and Emerson [8] have studied audit quality in the role stress model. The
study has proposed that audit quality may be reduced due to role stressors such as
work overload, role ambiguity and role conflict. It is stated that auditors face stress
from the quantity of work and the limited time allotted to complete it. The role
ambiguity and role conflict, dealt with by [7], also play a major role in influencing
audit quality and auditor performance.Yan andXie [9] have further expandedon these
factors. They have stated that work stress is caused by the combined effects of work
demand, time limitation pressure, cost control and legal risks and responsibilities.
Bowrin and King [10] also have studied the relationship among time pressure, task
complexity and audit effectiveness. The study has defined time pressure as one’s
perception of whether he or she could complete a task on time, given that time is a
critical requirement of the job.

A study by [6] has identified the relationship between role stressors and job satis-
faction and performance of external auditors. It has expanded the research on this area
by examining the moderating effect of the Type A behaviour pattern on the role stres-
sors—role ambiguity and role conflict. Peoplewho exhibit TypeAbehaviour patterns
tend to be more competitive and aggressive. It is identified that role ambiguity and
role conflict negatively affect auditors’ job satisfaction and performance. Similarly,
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a study by [11] also has dealt with role stressors and their impacts upon auditors.
However, this study has focused on the internal auditors, rather than the external
auditors. It has explored the determinants and consequences of the role stressors on
the local government internal auditors. This study has obtained a slightly different
result, i.e., role conflict has a positive impact while role ambiguity has a negative
impact upon the job performance.

Many researchers have studied stress factors inworkplace. However, none of them
have developed a framework for analysing stress factors in audit firms. This gap leads
to the study of factors relating to stress in audit firms and that would be a motivation
for this paper. The main objective of the paper has been converted into the following
research questions (RQ):

RQ1: What are the factors that cause stress in audit firms?

RQ2: What is the relationship among these stress factors in auditing firms?

RQ3: Can these factors be ranked according to priority?

3 Methodology

To establish the interrelationship among the variables, the stress factors in audit firms
are identified, and TISM is employed. Sage [12] has described ‘interpretive structural
modelling’ (ISM) as a technique which is used to identify the relationship among
various factors in a problem and to help in identifying the contextual relationship
between the variables [13–15]. Sushil [16] has introduced TISM as an extension of
the ISM. While similar to ISM, TISM is more advanced and unique as it provides
interpretation of the links in the hierarchical structure, which helps in providing
direction to this complex model.

TISM approach has been applied in diverse fields [17–21]. The following steps
are adopted [20] for the successful application of the TISM model:

1. Identify and define the factors: The first step involves the identification of the
factors which causes stress in audit firms. Thus, the factors causing stress in
audit firms have been identified, and expert opinion has been obtained from
practicing auditors for the same. Literature review has helped in identifying and
defining the stress factors used in this study. The factors are listed in Table 1.

2. Establishing the contextual relationships: To arrive at the initial reachability
matrix (IRM), contextual relationships between the factors have to be established.
For this study, 20 responses have been collected, and the respondents include
senior auditors and auditing staff members from audit firms in India. Table 2
contains the IRM.

3. Interpretation of the relationship between the factors: In the TISM approach,
this step answers the question of ‘how’, and tries to understand how factor 1
influences factor 2.
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Table 1 Factors identified for stress in audit firms

Factors Definition Reference/expert opinion

Workload pressure (F1) Workload pressure is the pressure
caused due to carrying on
high-intensity workload which
leads to auditor burnout

[7–9]

Time limitation (F2) Time limitation pressure arises
when auditors have to complete
tasks within specified deadlines
and issue an audit report

[7, 9, 10]

Legal risks and responsibilities
(F3)

With gradual improvement in
laws and regulations, auditors are
held responsible by the law for
any default like carrying out an
improper audit

[7, 9]

Role conflict (F4) Role conflict is one of the role
characteristic pressures. It arises
when two or more conflicting
demands are placed upon a
person

[6–8, 11]

Client retention (F5) Client retention is the pressure
associated with retaining clients
when clients are faced with
multiple choices as to their
choice of auditors

[7]

Task complexity (F6) Task complexity is the auditors’
perception of the complexity of
thought process required to
complete each task

[10]

Lack of awareness among clients
(F7)

Lack of awareness refers to
incomplete knowledge among
clients about various legal
provisions

Expert opinion

Constant changes in law (F8) Constant changes in law refers to
the pressure of keeping abreast of
the constant and frequent changes
in legal provisions and
compliance requirements such as
different types of reporting and
accounting standards

Expert opinion

Role ambiguity(F9) Role ambiguity arises from not
being aware of one’s exact role
and its expectations

[6–8, 11]

(continued)
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Table 1 (continued)

Factors Definition Reference/expert opinion

Dealing with difficult people
(F10)

Dealing with difficult people is
the pressure of dealing with
uncooperative clients who do not
provide assistance or support to
the auditors in completing their
work

Expert opinion

Table 2 IRM for stress factor analysis

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

F1 1 1 1 0 0 0 0 0 0 0

F2 1 1 1 0 0 0 0 0 0 0

F3 0 0 1 0 1 0 0 0 0 0

F4 1 0 0 1 0 1 0 0 1 0

F5 0 0 0 0 1 0 0 0 0 0

F6 1 1 0 0 0 1 0 0 0 0

F7 0 0 1 0 0 0 1 0 0 0

F8 0 0 1 0 0 0 1 1 0 0

F9 1 1 0 1 1 1 0 0 1 1

F10 1 1 0 0 0 1 0 0 0 1

4. Developing the final reachability matrix (FRM) after checking for transitivity: A
transitivity check must be done before arriving at the FRM. Transitivity check
must be done on all the entries with ‘0’ in the IRM. 1* or 1** signifies the
presence of transitivity, and the lack of it means that the original value of ‘0’ can
be retained. 1* implies first-level transitivity, wherein if P = Q and Q = R, then
P = R. 1** implies second-level transitivity, wherein if P = Q, Q = R, and R =
S, then P = S. Table 3 contains the FRM.

5. Partition of the factors from FRM into levels: The FRM is divided into three
categories, namely reachability set, antecedent set and interaction set. Beginning
from level 1, factors of each level are extracted by way of repeated iterations,
and this process is continued until the partitioned reachability matrix is arrived
at.

6. Designing the interaction matrix: Direct and significant transitive links are used
to design the interaction matrix.

7. Creating the digraph and the TISM model: The digraph, also known as directed
graph, is created by using data from the interactionmatrix and the level partitions.

In the digraph, factors at the top of the model are called first-level factors, and
subsequent levels are ranked in ascending order. Further, using the digraph and the
interpretive interaction matrix, the TISM model is developed. The TISM model is
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Table 3 FRM for stress factor analysis

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 Driving
power

MICMAC
rank

F1 1 1 1 0 1* 0 0 0 0 0 4 5

F2 1 1 1 0 1* 0 0 0 0 0 4 5

F3 0 0 1 0 1 0 0 0 0 0 2 6

F4 1 1* 1* 1 1* 1 0 0 1 1* 8 1

F5 0 0 0 0 1 0 0 0 0 0 1 7

F6 1 1 1* 0 1** 1 0 0 0 0 5 4

F7 0 0 1 0 1* 0 1 0 0 0 3 3

F8 0 0 1 0 1* 0 1 1 0 0 4 1

F9 1 1 1* 1 1 1 0 0 1 1 8 1

F10 1 1 1* 0 1** 1 0 0 0 1 6 2

Dependence 6 6 9 2 10 4 2 1 2 3

*, ** represent transitive links

Fig. 1 TISM model for
stress in audit firms

 
  Significant transitive link

Direct links 
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shown in Fig. 1, while the reasons behind the direct and the significant transitive
links are discussed in Sect. 4.

4 Results and Discussions

4.1 Interpretive Interaction of the TISM Model

Figure 1 shows the results of the TISM analysis of stress factors in audit firms. Six
levels of factors are described in the model. Interpretive interactions between the
factors are as follows:

F1 to F2: Workload pressure and time limitation pressure are inversely proportional
to each other. Defined audit practices cannot be skipped; thus, the pressure increases.

F1 to F3: With increasing workload pressure, the legal risks associated with it
increases.

F2 to F1: Workload pressure increases because of time limitation since clients
approach the auditors close to the due dates for statutory compliances.

F2 to F3: Due to limited availability of time, a person may file incorrect returns or
do an improper audit which increases legal risks.

F3 to F5: Legal risks influence client retention since clients who are not compliant
to law can cause problems for the firm.

F4 to F1: Role conflict would end up increasing the workload pressure of the overall
team involved.

F4 to F6: It becomes harder for the auditor to complete the task, due to internal or
external conflict.

F4 to F9: Role conflict can lead to lack of clarity about performance expectations
and create role ambiguity.

F4 to F10 (Significant transitive link): Role conflict makes it harder to deal with
non-cooperative clients.

F6 to F1: Pressure increases as the complexity of the task demands more time than
usual.

F6 to F2: Task complexity augments the time limitation pressure. Completing vast
fields of audit in a limited time period increases time limitation pressure.

F7 to F3: Lack of awareness of the clients regarding the entire process could lead to
legal risks like not meeting deadlines.

F8 to F3: If the constant changes in laws are not followed regularly, chances of failing
to meet legal norms are high.
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F8 to F7: If the clients do not keep themselves updated with the latest changes from
the right sources, it affects their awareness levels.

F9 to F1: An employee may not be clear in what he or she does which increases the
work pressure.

F9 to F2: Role ambiguity leads to limited time availability since work is not done at
full efficiency.

F9 to F4: Ambiguous roles and expectations cause/increase role conflict.

F9 to F5: Role ambiguity might lead to inefficient work and result in the client
becoming dissatisfied.

F9 to F6: Lack of clarity about performance expectations increases the task
complexity.

F9 to F10: Lack of clarity about specific roles aggravates the pressure of dealing
with difficult clients.

F10 to F1: Difficult clients may be uncooperative, and this increases the existing
workload pressure.

F10 to F2: Non-cooperative clientsmay not give the requisite data on time, increasing
the time limitation pressure.

F10 to F6: The task becomes more complex since there is no cooperation from the
client.

4.2 Matrix Impact Cross Multiplication Applied
to Classification Analysis

MICMAC stands for ‘matrix impact cross-multiplication applied to classification’.
It involves classifying the factors into four different zones, namely driving factors,
autonomous factors, dependent factors and linkage factors [22–24]. The factors can
be explained as below:

Autonomous factors: Factors that have weak dependence power and weak driving
power are known as autonomous factors [25–27]. These factors are disengaged from
the system. In the present study, factors 6, 7 and 8 are autonomous factors.

Dependent factors: Factors that have a strong dependence power but weak driving
power are known as dependent factors [28–30]. Factors 1, 2, 3 and 5 are dependent
factors.

Linkage factors: Factors that have a strong dependence power and strong driving
power are known as linkage factors [31, 32]. They establish the connection between
the dependence and the driving factors. This study has no linkage factors.
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Driving factors:Factors that have a strong driving power butweak dependence power
are known as driving factors or independent factors [33, 34]. They form the base for
the rest of the factors. Factors 4, 9 and 10 are the driving factors in this study.

As per the MICMAC analysis, the factors causing stress in audit firms are ranked
in Table 3. The MICMAC ranks are calculated by dividing the driving power by the
dependence of the factors [35, 36]. This rank shows the significance of each factor in
the system based on its rank. The higher the rank, the higher the factor’s importance
in the model. The role conflict pressure, role ambiguity pressure and the pressure of
keeping up with the constant changes in law are the most important factors. Other
factors which are important in the model, as per MICMAC ranking, are the pressures
associated with dealing with difficult people and those caused by lack of awareness
among clients. Awareness about these rankings would provide audit firms a point
of focus in order to reduce the overall stress to senior auditors and auditing staff
members.

5 Managerial Implications

Using the TISM approach, audit firms can understand the factors that cause stress in
audit firms and the extent of pressure each factor has in the overall system. Instead of
taking decisions based on instincts, auditors can take decisions on a scientific basis
using this model. The TISM framework shows which factors are causing more stress
and are a drain on the firm’s resources. For instance, it is found that pressure caused
as a result of role conflict and role ambiguity affects most of the stress factors in
the model as well as putting pressure directly on the auditors to a large extent. Clear
job roles and expectations, and a well-defined set of tasks and performance metrics,
with a focus on reducing the role conflict and role ambiguity, would result in lesser
dissatisfaction among the employees. A thorough understanding of these factors in
the TISM model can help auditors to reduce the stress for themselves as well as
the auditing staff members and help achieve a conducive work environment. More
productive and efficient work standards can be achieved since the factors causing
stress can be eliminated or reduced to an extent.

6 Conclusion

The research done on stress factors in audit firms has been vast, but there has been no
research done in this field to understand how the multiple stress factors interact with
each other in addition to affecting the overall organisation. The current study has
been an effort to identify such a framework which would help the auditors to better
manage their resources and create a prolific work environment, benefitting both the
employees and the clients of the firm.
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The study has identified ten factors which cause stress in audit firms through
literature review and by way of obtaining expert opinions from auditors. TISM is
suggested to be used in order to list the stress factors in audit firms and to identify the
interrelationship among them. The factors are then ranked according to their order of
importance, and a hierarchy is established using MICMAC analysis. It is found out
that role conflict pressure and role ambiguity pressure are the major driving factors
in the model. This model can be used by audit firms to understand, scientifically,
which factors are causing a drain on the firm’s resources, and it can then be used
to take corrective action in order to minimise or eliminate the stress caused to the
employees.

Moreover, this study has taken only ten major factors into consideration, whereas
there may be many more factors which cause stress in audit firms. Integrating those
factors in the proposed framework and expanding the framework can be one area of
future research.
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Performance Analysis of Flat-Plate Solar
Collector Using Tungsten Trioxide
Nanofluid

J. Vinoth Kumar, A. Amarkarthik, R. Harish, S. Mugundan,
and R. R. Suriyaa

Abstract An experimental study was performed to investigate the performance of
flat-plate solar collector using water and WO3 nanofluid as working fluids. Analysis
and comparison were carried out for energy efficiency, entropy generation, exergy
destruction, and exergy efficiency. WO3 nanofluid exhibited 13.49% higher effi-
ciency when compared to water on operation with flat-plate solar collector. The
entropy generationwasminimum for 0.0667 vol.%WO3 nanofluid andmaximum for
water. The flat-plate collector exhibited improved exergy efficiency 24.63, 34.83, and
57.39% for 0.0167vol.%WO3, 0.0334vol.%WO3, and 0.0667vol.%WO3 nanofluid
on comparison with water. The solar collector indicates the highest exergy efficiency
for 0.0667 vol.% WO3 nanofluid. On experimentation, solar flat collector exhib-
ited the use of WO3 nanofluid could improve the thermal efficiency, and maximum
performance was attained for the use of 0.0667 vol.% WO3 nanofluid.

Keywords Flat-plate solar collector (FPSC) · Nanofluid · Thermal efficiency ·
Entropy generation · Exergy · Entropy

1 Introduction

In modern era, meeting the energy needs by renewable energy is challenge due to
restricted conventional energy resources. The likely of renewable energy resources
in fulfilling the requirement of clean energy has become vital [1]. Improvement in
renewable energy efficient systems utilizing potent materials has been foremost issue
for researchers and engineers. Among the available solar collectors, flat-plate solar
collectors offers minimal cost, a reduced amount of maintenance and uncomplicated
design hence been incorporated for solar energy-basedwater heater [2].Many studies
are carried out on change in collector structure and change of working fluids to
improve the systems efficiency.
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Flat-plate solar collectors (FPSCs) are ease in design, low cost, and offer minimal
maintenance on comparison with other types of collectors. Flat-plate solar collectors
aremostly used for heating ofwater by absorbing solar energy. Performance improve-
ment in working fluid such as addition of high thermal conductivity nanoparticles to
working fluid was first initiated by Choi et al. [3]. Nanofluid is a kind of heat transfer
fluid suspending small quantity of nanosized particles in the range between 1 and
100 nm which results in improved heat transfer properties [4]. An thermal efficiency
enhancement of 28.3% for FPSCs with Al2O3/water nanofluid for volume flow rate
2 l/min and particle size 15 nm was investigated by Yousefiet al. [5]. Zamzamian
et al. [6] investigated the outcome of Cu nanoparticle on FPSC for various volume
flow rate and mass fractions of nanoparticle resulted an optimum point of 0.3 wt.%
Cu nanofluid at 1.5 l/min. Verma et al. [7] tested the performance of FPSCs for
MgO/water working fluid having particle size 40 nm, particle volume concentration
(0.25–1.5%), and volume flow rate (0.5–2.5 lpm). Sharafeldin et al. [8] investigated
the effect of WO3/water nanofluid in FPSCs efficiency and found maximum effi-
ciency enhancement of 13.48% for 0.0667% volume fraction of nanoparticle and
0.0195 kg/s mass flow rate on comparison with water. Shojaeizadeh et al. [9] carried
out exergy analysis on FPSCs with Al2O3/water nanofluid and found 1% increase in
exergy efficiency for corresponding 68% decreased mass flow rate and 2% decreased
collector inlet temperature.

Tonga et al. [10] performed an experimental investigation of the thermal efficiency,
entropy generation, and exergy efficiency of a FPSC for the concentration and mass
flow of Al2O3 and CuO based on water. Evolved an improved thermal efficiency of
21.9% for FPSC using Al2O3 nanofluid on comparison with water. On comparison
with water, the exergy efficiency using 0.5 vol.% CuO and 1 vol.% Al2O3 nanofluid
increased by 49.6 and 56.9%.

2 Analysis of Energy and Exergy for Solar Collector

2.1 Analysis of Energy

Calculation of valuable heat from solar collector is obtained by using Eq. (1)

Qu = .
mcp (To − Ti ) (1)

The nanofluid’s specific heat capacity can be calculated by using Eq. (2) [11]

cp,n f = (1− ϕ)ρb f cp,b f + ϕρncp,n
(1− ϕ)ρb f + ϕρn

(2)

The density of nanofluid is calculated from the following Eq. (3) [12]
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ρn f = (1− ϕ)ρb f + ϕρn (3)

The efficiency of energy for solar collector (i.e., ratio of gained valuable energy
to absorber received solar energy) can be found by using Eq. (4)

η = Qu

AcGT
(4)

2.2 Analysis of Exergy

Exergy is the measurable usefulness of energy. Under state condition of open system,
exergy balance is expressed by Eq. (5)

.

E xheat−
.

E xwork−
.

E xmass,in−
.

E xmass,out =
.

E xdest (5)

Here, exergy by heat, work, and mass are represented at left side and exergy
destruction indicated in right side. The solar radiation exergy

.

E xheat is expressed by
Eq. (6)

.

E xheat =
(
1− Ta

Tsol

)
.

Qsol (6)

where Tsol the apparent sun surface temperature assumed to be 4500 K for this study
[13].
.

Qsol is calculated by Eq. (7)

.

Qsol = G(τα)Ac (7)

The inlet and outlet exergy flow of the collector is expressed by Eqs. (8) and
(9).[14].

.

E xmass,in = .
m [(hi − ha) − Ta(si − sa)] (8)

.

E xmass,out = .
m [(ho − ha) − Ta(so − sa)] (9)

Substitution of Eqs. 6–9 in Eq. 5 yields Eq. (10)

(
1− Ta

Tsol

)
.

Qsol− .
m cp(To − Ti )+ .

m cp,avgTaln

(
To
Ti

)
− .

m
�p

ρ
= .

E xdest (10)
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The exergy destruction
.

E xdest is expressed by Eq. (11).

.

E xdest = Ta
.

Sgen (11)

For solar collector, the entropy generation is evaluated using Eq. (12) [15]

.

Sgen = .
m cpln

(
To
Ti

)
−

.

Qsol

Ts
+

.

Qo

Ta
(12)

The heat loss to atmosphere
.

Qo is expressed by Eq. (13).

.

Qo =
.

Qsol− .
m cp(To − Ti ) (13)

The exergy efficiency (i.e., the ratio of effective exergy yield to the exergy input)
is evaluated using Eq. (14).

ηex = 1−
.

E xdest[
1−

(
Ta
Tsol

)] .

Qsol

(14)

3 Preparation of Nanofluid and Experimentation

3.1 WO3 Nanofluid Synthesis

All chemicals substances were used as received without extra processing and of diag-
nostic grade. WO3 nanoparticle were purchased from supplier: Nano Research labs,
Jharkhand, India. The size of nanoparticle is of the range 40–50 nm and purity of
99.9%. Two-step method (due to its ease of preparation) is used to prepare nanofluid.
Initially, WO3 nanoparticles are grinded by a mortar to prevent or minimize agglom-
eration. Later, WO3 nanoparticles are added to the distilled water by appropriate
mass fraction, and the mixture is manually agitated for not less than 10 min. The
preparedmixture is positioned in the ultrasonic bath (ANALAB, India) under sonica-
tion with a frequency of 30 kHz, 1000 watts power for a period of 4 h. Three different
nanofluids of 0.0166, 0.0334, and 0.06667% volume concentration are synthesized.
Finally, testing the stability of nanofluid is carried out using zeta potential analyzer.
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Table 1 Specifications of the
flat-plate solar collector

Specification Flat-plate solar collector

Dimension 2000 mm × 1000 mm × 80 mm
(L ×W × H)

Aperture area 1.51 m2

Weight 34 kg

Cover material 3.8 mm tempered texture glass

Cover thickness 3 mm

Absorber material Copper

Absorber thickness 0.25 mm

Emissivity of absorber plate 0.95

Fluid capacity 2 L

Thermal insulation thickness 50 mm

Insulation material Glass wool

Collector tilt angle 15°

3.2 Experimentation

The experiment was conducted in Salem, India (Latitude: 11.66°, longitude: 78.14°),
and data are recorded between 10.00 am to 4.30 pm. The circulation of working fluid
into the flat-plate solar collector is done through pump (500 W). On circulation, the
working fluid enters the FPSC initially, and then, it enters a tank of 150L capacity and
continues the process. The constant temperature bath is utilized to cool the heat gain
obtained from solar collector. Three-way valve is used to adjust flow rate, rotameter
for desired flow rate upto 4 l/min, and pressure indicator for water and nanofluid.
Specification of flat-plate solar collector is given in Table 1. Schematic layout of
experiment apparatus is showed in Fig. 1.

4 Results and Discussions

4.1 Thermal Efficiency Analysis for FPSC According
to Concentration of WO3 Nanofluid

The performance of FPSC was investigated experimentally for WO3 nanofluid as
operational fluid for different concentration (0.0167, 0.0334, and0.0667vol.%) and at
mass flow rate of 0.0167 kg/s. These results were compared with the output obtained
from water as working fluid in FPSC. Figure 2 displays the change in efficiency
for FPSC according to concentration of nanofluid and water. On comparison, it was
conforming the improvement of efficiency for FPSC incorporating nanofluid than to
water as operational fluid. The maximum efficiency of 60.9% was achieved in FPSC
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Fig. 1 Experimental setup schematic layout

Fig. 2 Efficiency variation of FPSC on the concentration of the WO3 nanofluids

for water as operational fluid. On other hand, the maximum efficiency of FPSC
was 66.5, 67.5, and 69.4 for WO3 nanofluid of 0.0167, 0.0334, and 0.0667 vol.%.
The highest efficiency of 69.4% is achieved for WO3 nanofluid of 0.0667 vol.%. The
increase in efficiency for 0.0667 vol.%—WO3 nanofluid was 13.95% on comparison
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with water. For WO3 nanofluid of 0.0167 and 0.0334 vol.% in SFPC, the efficiency
increased by 9.19 and 10.83% on comparison with water as operational fluid.

This is mainly due to increase of thermal conductivity but also decreases disper-
sion stability. Thus, the concentration addition are taken as per optimum dispersion
stability. Another important factor to be taken for consideration is pressure drop,
which imparts in efficiency of FPSC. Here, the variation of pressure drop was found
to be of negligible variance in accordance with of water, so the pressure drop been
found almost similar for water and nanofluid of different nanofluid concentration.

4.2 Exergy Analysis for FPSC According to Concentration
of WO3Nanofluid

Figure 3 displays the generation of entropy, and Fig. 4 shows the destruction of
exergy for FPSC with respect to solar radiation for the usage of water and the WO3

nanofluid in the FPSC. Increase in the entropy generation (Sgen) of the FPSC using
water and the WO3 nanofluid was noticed for the increase in the solar radiation.
The generation of entropy (S˙gen) for WO3 nanofluid was minimal than that for
the water. For the aggregate of solar radiation 650 W/m2, entropy generation (Sgen)
was least for WO3 nanofluid of 0.0667 vol.% of value 2.269 W/K and extreme for

Fig. 3 Entropy generation in FPSC based on variation with solar radiation
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Fig. 4 Exergy destruction in FPSC based on variation with solar radiation

water at the value 2.292 W/K. Next for the aggregate of solar radiation 870 W/m2,
entropy generation (Sgen) was least for WO3 nanofluid of 0.0667 vol.% of value
2.988W/K and extreme for water at the value 3.028W/K. Then, for the aggregate of
solar radiation 940W/m2, entropy generation (Sgen) was least for WO3 nanofluid of
0.0667 vol.% of value 3.203W/K and extreme forwater at the value 3.25W/K. Lastly
for the aggregate of solar radiation 990 W/m2, entropy generation (Sgen) was least
for WO3 nanofluid of 0.0667 vol.% of value 3.348 W/K and extreme for water at the
value 3.399 W/K. Thus, it makes a conclusion that generation of entropy increases
with increase in solar radiation and increase of volume concentration of nanoparticle
tends to decrease the entropy generation for a particular solar radiation intensity.

Exergy destruction in FPSCwas found to increase with in solar radiation intensity,
and at the mean time, exergy destruction value decreased with addition of nanopar-
ticles for appropriate solar radiation intensity. For solar radiation of 650 W/m2,
exergy destruction in FPSC was found to be of value 699.08, 696.04, 694.61, and
692.29W for water, 0.0167 vol.%WO3 nanofluid, 0.0334 vol.%WO3 nanofluid, and
0.0667 vol.% WO3 nanofluid. For solar radiation of 870 W/m2, exergy destruction
in FPSC was found to be of value 932.64, 927.07, 924.84, and 920.32 W for water,
0.0167 vol.%WO3 nanofluid, 0.0334 vol.%WO3 nanofluid, and 0.0667 vol.%WO3

nanofluid. For solar radiation of 940 W/m2, exergy destruction in FPSC was found
to be of value 1007.59, 1000.88, 998.48, and 992.95W for water, 0.0167 vol.%WO3

nanofluid, 0.0334 vol.%WO3 nanofluid, and 0.0667 vol.%WO3 nanofluid. For solar
radiation of 990W/m2, exergy destruction in FPSCwas found to be of value 1060.56,
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Fig. 5 Entropy efficiency of FPSC using WO3 nanofluid

1054.79, 1051.85, and 1044.82 W for water, 0.0167 vol.% WO3 nanofluid, 0.0334
vol.% WO3 nanofluid, and 0.0667 vol.% WO3 nanofluid.

Figure 5 displays the change of exergic efficiencywith respect to change in volume
concentration of nanofluid and change in solar radiation intensity. Exergy efficiency
for FPSC was also found to increase with increase in solar radiation. For addition
of nanoparticles, exergy efficiency for FPSC increases with increase concentration
of nanoparticles. Exergy efficiency was minimal for water at the value 2.0457% for
650 W/m2 solar radiation and maximum for 0.0667 vol.% WO3 nanofluid at the
value 3.718% for solar radiation of 990 W/m2.

5 Conclusions

Experimental investigation was done on FPSC using water and WO3 nanofluid as
working fluids. For solar radiation 990 W/m2, entropy generation was maximum
for water at the value 3.39 W/K and minimal at 3.34 W/K. The flat-plate collector
exhibited improved exergy efficiency 24.63, 34.83, and 57.39% for 0.0167 vol.%
WO3, 0.0334 vol.% WO3, and 0.0667 vol.% WO3 nanofluid on comparison with
water. Thus, for increase in concentration of nanoparticles upto 0.0667%, energy
efficiency as well as exergy efficiency was found to increase with solar radiation
intensity.
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Investigation on Characteristics
of Stir-Casted Aluminum Matrix
Composites—A Review

P. Raghuvaran, M. Suresh, J. Baskaran, S. Arun Prasadh, M. K. Charan,
and T. Dhananjayan

Abstract Compositesmade of aluminummatrix are fabricatedmostly by stir casting
method because of its advantages given to the components made. Researches on this
area are compiled in this study. For better understanding, the study was further
extended by showing the results of few composites magnesium matrix composites.
Results, because varying reinforcements and their percentage to the matrix material,
are shown in this study. Better bonding of reinforcements are achieved by fabricating
at right percentage of mix, pouring temperature, preheating temperature of die and
more which plays a key role in resulting characteristics of materials made. Compo-
nents fabricatedmust be ensured for having less porosity, better bonding and uniform
distribution of reinforcement with matrix so as to attain better results. Mechanical
properties and microstructures analyzed in various articles to ensure the attainment
of these characteristics in fabricated components are shown.

Keywords Aluminum · Composites · Stir casting ·Mechanical properties ·
Review

1 Introduction

Formanufacture ofmetalmatrix composites with discontinuous particles, stir casting
is a good old technique followed over decades. Strength to-wear ratio and wear
resistance of such materials will be enhanced by using reinforcements like Al2O3,
SiC, etc. Aluminum matrix composites are produced by stir casting technique, and
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the resulting microstructure and properties depend on various parameters. Interfacial
bonding of metal to reinforcement is an important factor among them. It can be
achieved by selecting proper stirring speed of reinforcement into the aluminum melt
and correct pouring temperature.

1.1 Aluminum and Aluminum Matrix Composites

Aluminum is a lightweight, soft and ductile material having remarkable resistance
to corrosion which makes it to employ for aerospace, building and engine casings.
Some of the composites made of aluminum are given in this study.

Automobile industries, aerospace and military applications prefer aluminum
matrix composites (AMCs) nowadays rather than conventional materials because
of the properties resulting like good wear resistance, high temperature resistance
with less weight and more. AMCs have better wear resistance and high strength-to-
weight ratio than aluminum alloy. Less dense, high electric resistive and low thermal
conductive insulating materials are made with aluminum composites by having fly
ash as reinforcement. Reinforcing particles are injected into metal liquid to form
casting. For mass production, casting can be better chosen since it is less expensive.
Best properties can be achieved if uniform distribution of particulates is achieved.
It may be affected because of poor wettability and segregation of particles at the
bottom of matrix material.

For manufacture of metal matrix composites with discontinuous particles, stir
casting is a good old technique followed over decades. Strength-to-wear ratio and
wear resistance of such materials will be enhanced by using reinforcements like
Al2O3, SiC, etc. Aluminummatrix composites are produced by stir casting technique,
and the resulting microstructure and properties depend on various parameters. Inter-
facial bonding of metal to reinforcement is an important factor among them. It can
be achieved by selecting proper stirring speed of reinforcement into the aluminum
melt and correct pouring temperature.

1.2 Metal Matrix Composites (MMC)

Physically or chemically distinct phases of two ormore numbers constitute amaterial
called composite. Characteristics of composites are superior to that of the individual
components [1]. Structural engineering materials, nowadays, use MMCs and gained
increasing interest in recent years [2]. They are used for replacing steels possessing
toughness and high strength at increased temperatures along with low density. Better
bonding of matrix and reinforcements makes MMCs to withstand compressive and
tensile stresses as load applied on them gets shifted and well distributed to rein-
forcement material from ductile matrix. MMC with aluminum as matrix material is
one of the key areas in research in the field of material processing for the past few
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decades having silicon carbide (SiC) as reinforcements to get a lightweight material
with high strength and stiffness [3]. Most of the industries prefer aluminum compos-
ites among all the materials because of its eminent properties like lightweight, good
thermal properties and high strength to composites using SiC, carbon and boron
carbide (B4C) as reinforcements.

Good wear resistance, damping capacity, high specific strength and specific
modulus are possessed by metal matrix composites (MMCs) than that of non-
reinforced alloy [4]. In achieving good combination of stiffness, strength, density and
toughness, there aremany limitations in conventional monolithicmaterials. Compos-
ites are capable enough to overcome these limitations and to meet increasing demand
of recent days.

1.3 Aluminum Metal Matrix Composites (AMMCs)

Improved hardness, 0.2% yield stress (YS), ultimate tensile stress (UTS), mechan-
ical properties, good machinability, low coefficient of thermal expansion (CTE) and
lightweight are some significant properties of aluminum metal matrix composites
(AMMCs) which gained attention of researchers in recent years [5]. Results of
which are usage of AMMCs for making airframe components in aerospace, engine
pistons in automobile and integrated circuit framemounting components in electronic
industries.

Manufacturing of AMMCs use stir casting (vortex technique) as a method since
it is economic. As said earlier, it is flexible, simple and suitable for mass production.
It is also a best chosen method for manufacturing components which are larger in
size. The method of stir casting has some fewer limitations to overcome like porosity
and non-uniform distribution of reinforcement with matrix material which need to
be overcome for achieve better results.

2 Materials and Methods

Researches of various authors given below are ordered like aluminum composites
with titanium diboride (TiB2) as reinforcement [6], aluminum composites with tita-
nium carbide (TiC) as reinforcement [7], Zn-27Al composites with rice husk ash
(RHA), silicon carbide (SiC), and graphite (Cg) as reinforcements [8], aluminum
composites with nano-magnesium oxide (MgO) as reinforcement [9], aluminum or
magnesium composites with silicon carbide as reinforcement [10–21].
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Fig. 1 Effect of TiC
addition on tensile strength
of AMMC

2.1 Titanium

Composites have many applications in aerospace, automotive and structural compo-
nents, said byS. Suresh et al. [6].Keeping other parameters unvarying, the experiment
is done on Al6061 MMC using varying weight fraction of TiB2. Microscopic exam-
ination is done to analyze the mechanism of wear and found that wear resistance of
composite samples increased on addition of TiB2.Hardness, tensile strength andwear
resistance of the samples are also experimented and found for varying percentage of
reinforcements.

Gopalakrishnan et al. produced cost-efficient MMCs for improved specific
strength;wear resistance andhigh-temperature applications [7]. Enhanced stir casting
method was used to produce different volume fraction of Al-TiC composites in an
argon atmosphere. It was found that increase in percentage of TiC addition improved
the specific strength of the composite produced. Variation in ultimate tensile strength
(UTS) was observed during the experiment, and the data has been plotted in graph
and is shown in Fig. 1.

2.2 Zinc

Mechanical properties of Zn-27Al and its microstructure have been discussed by
Alaneme et al. [8] with rice husk ash, silicon carbide and graphite as reinforcements.
They used stir casting process to produce different composites of Zn-27Al of varied
weight ratios. In order to characterize the composites produced, hardness test, tensile
test, fracture toughness test and microstructure examination were done. Fine disper-
sion of the reinforced particles with dendritic structured Zn-27Al alloy matrix is
shown in microstructure evaluation. Hardness, tensile strength, yield strength and
fracture toughness variations with change in percentage weight of reinforcements
are examined.
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2.3 Magnesium

Abdizadeh et al. used A356 aluminum alloy and nanoparticles of MgO (1.5, 2.5 and
5%vol.%) to fabricateAl-NanoMgOcomposites by powdermetallurgy (PM) and stir
casting and methods [9]. Casted samples are less porous and resulted in high-density
composites than that of PM-made composites. Also, it was found that castingmethod
represented more homogeneous data values of mechanical properties compared to
the powder metallurgy method. Compared to PM method, casting represented more
homogeneous of mechanical properties.

2.4 Silicon Carbide

Poddar et al. [10] used stir casting method and manufactured Mg and Mg-alloy
(AZ91D) composites reinforced using 15 vol% silicon carbide (SiC) particulates.
Uniform particle distribution is achieved, and mechanical properties were studied.
When compared to monolithic alloys, AZ91D alloy composite exhibited an increase
in hardness and modulus and decrease in ductility. Their results show that 680 °C
is the optimum holding and stirring temperature of the melt to reduce porosity in
cast samples. Aravindan et al. used silicon carbide particle and two-step stir casting
process for fabrication of magnesium alloy composites [11]. Mechanical and phys-
ical properties of the composites were evaluated for samples under as cast and T6
heat-treated conditions. Mechanical properties decreased on increasing size of the
particles and increased on increasing particles of SiC. The result was compared
under standard theoretical models and was found that the mechanical properties of
composites increased with increasing SiC particles and decreased with increasing
particle size. Wang et al. fabricated AZ91 magnesium matrix composite reinforced
with 10 vol.% SiC particulate by stir casting technique and discussed its deforma-
tion behavior [12]. The experiment was varied from 250 to 400 °C to determine the
stress variations. Peak stresses and flow stresses decrease on increase in temperature.
The extent of dynamic recrystallization (DRX), on temperature reduction, becomes
less. Afshin Matin et al. [13] worked on pure magnesium and AZ80 nanocomposites
using stir casting method. By adding different nano-SiC particles homogenously at
different weight %, he evaluated the microstructure and mechanical properties at
room temperature. It was found that the grain size of the magnesium matrix got
reduced significantly because of the addition of SiC nanoparticles. Ductility and
tensile strength increased on increasing the content of SiC but lead to reduction in
formability and strength beyond the optimum level because of agglomeration of SiC
particles. Compressive stress–strain curves are used for analyzing the material hard-
ening behavior. Wang et al. [14] fabricated Mg–Zn–Ca composites with SiCp (5, 10
and 15 vol.%) as reinforcements and achieved uniform particle distribution. Size of
SiCp influenced the mechanical properties of the composites at a major extent.
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Superior strength of Al2014 matrix was achieved by Zhang et al. [15] on investi-
gating the tensile properties at elevated temperatures of nano-SiCp/Al2014 compos-
ites. Without sacrificing ductility, the tensile strength of Al2014 alloy got improved
by nano SiCp at 493 K.

Various amounts of SiC particles are used by Jabeen Moses et al. [16] to fabricate
AMCusing aluminumalloy asmatrixmaterial. SiC particles are added into the vortex
of aluminum melt formed during stirring and allowed to solidify in a permanent
mold. Uniform distribution of SiC particles in aluminum matrix is examined using
optical and scanning electron microscope, and particle clusters of SiC are seen in a
few places. Better bonding between matrix and reinforcement resulted in the casted
material which further gave better microhardness and ultimate tensile strength in
the AMCs. Appreciable results were obtained by Dwivedi et al. [17] on testing the
samples with different reinforcement weight percentage of A356/SiC samples during
hardness, tensile, impact and fatigue tests. Uniform distribution and porosity got
exposed during microstructural analysis. Samples with 5% reinforcement exhibited
less porosity. Electromagnetic stir casting yielded samples with good mechanical
properties on increasing the percentage of reinforcement. With the aid of stir casting,
Tony Thomas et al. [18] conducted an experiment with an objective to create MMC
using aluminum alloy (LM6)–SiC. Tests on specimens made are utilized for finding
the significance of stirrer and feeder.

Maurya et al. [19] investigated the effect of adding SiC particles at various weight
fractions to Al6061 alloy ranging from 2 to 8 wt.% made by electromagnetic stir
casting technique. Images of scanning electronicmicroscope (SEM) ensured uniform
dispersion of particles into the reinforcement. Mechanical properties of the compos-
ites are quite higher than that of Al6061 alone. Saenpong et al. [20] produced A356
matrix composites by semi-solid stir casting method and investigated the hardness
variations because of varying particle size and weight percent. Highest hardness was
found to be in T6 heat-treated composite having particle SiC particle size of 100
micrometer and weight percentage of 10.

Suresh et al. [21] done a research on tribological behavior ofAl7075 and nano-SiC
particles. Varyingweight percentages of SiC particles are used to form the composite.
Wear rate of the composites is found to be less than the Al7075 alloy with increasing
SiC percentage.

3 Conclusion

Researches carried out in stir-casted aluminum matrix composites were elaborately
discussed in this article. The reviews show a clear picture that the properties of
resulting composite samples are influenced by varying parameters like volume or
weight percentage of the particles, size of reinforcing particle, holding temperature
of the melt and time of holding. In addition to these factors, optimum stirring speed
of melt and addition of reinforcement after the formation of vortex in melt lead to
uniform dispersion of particles to themelt. For better understanding, a brief summary
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of observations made from each papers is given in Table 1. Mechanical properties of
the composite samples are greatly influenced by homogeneous dispersion of particles
in the matrix. Less porous material can be made if dispersion of particles in the melt
is uniform throughout. Wear resistance of the material increases with increasing the

Table 1 Observations from each paper

S. No./Reference No. Author(s) Paper title Observations

[1] Dinesh Pargunde
et al.

Fabrication of metal
matrix composite by stir
casting method

Better characteristics of
composites than
separate materials

[2] Jasmi Hashim The production of metal
matrix composite using
the stir casting technique

Structural materials are
made from composites

[3] Sozhamannan G.
G. et al.

Effect of Processing
Parameters on Metal
Matrix Composites: Stir
Casting Process

High strength and
stiffness results in
composites made with
SiC as reinforcement

[4] Sudipt Kumar
et al.

Production and
characterization of
Aluminum–Fly ash
composite using stir
casting method

Wear resistance and
other mechanical
properties improved

[5] Shahin Soltani
et al.

Stir casting process for
manufacture of Al–SiC
composites

Composites are
attracted by researchers
because of improved
mechanical properties

[6] Suresh S. et al. Process development in
stir casting and
investigation on
microstructures and
wear behavior of TiB2
on Al6061 MMC

Composites are used
extensively in
aerospace, automotive
and structural
components

[7] Gopalakrishnan S.
et al.

Production and wear
characterization of AA
6061 matrix titanium
carbide particulate
reinforced composite by
enhanced stir casting
method

Al-TiC composites
fabricated in argon
atmosphere
Specific strength of
composites enhanced

[8] Kenneth Kanayo
Alaneme et al.

Microstructure and
mechanical behaviour of
stir-cast Zn–27Al based
composites reinforced
with rice husk ash,
silicon carbide, and
graphite

Uniform dispersion of
reinforcements observed
in resulting material
Homogeneous
dispersion improved
mechanical properties
of composites
manufactured

(continued)
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Table 1 (continued)

S. No./Reference No. Author(s) Paper title Observations

[9] Hossein
Abdizadeh et al.

Investigation of
microstructure and
mechanical properties of
Nano MgO reinforced
Al composites
manufactured by stir
casting and powder
metallurgy methods: A
comparative study

Al-Nano MgO
composites are made by
PM and stir casting
methods
Stir-casted composites
are found to be less
porous and high dense

[10] Palash Poddar
et al.

Processing and
mechanical properties of
SiC reinforced cast
magnesium matrix
composites by stir
casting process

Mg-SiC composites
yielded increase in
hardness and modulus
and decrease in ductility
Optimum holding and
stirring temperature was
identified as 680 °C

[11] Aravindan S. et al. Evaluation of physical
and mechanical
properties of
AZ91D/SiC composites
by two step stir casting
process

Mechanical properties
were evaluated at T6
heat-treated conditions
of composites made by
two-step stir casting
process
Increment in particle
size decreased the
resulting properties

[12] Wang X. J. et al. Hot deformation
behaviour of SiCp/AZ91
magnesium matrix
composite fabricated by
stir casting

Mg-10%SiC composites
are made by stir casting
with temperature range
of 250–400 °C
Peak stresses and flow
stresses decreased on
increase in temperature

[13] Afshin Matin
et al.

Microstructure and
mechanical properties of
Mg/SiC and AZ80/SiC
Nano-composites
fabricated through stir
casting method

Ductility and tensile
strength increased on
increasing the content of
SiC but lead to
reduction in formability
and strength beyond the
optimum level because
of agglomeration of SiC
particles

[14] Wang X. J. et al. Microstructure and
mechanical properties of
SiCp/Mg Zn Ca
composites fabricated
by stir casting

Size of SiCp influenced
the mechanical
properties of the
composites at a major
extent

(continued)
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Table 1 (continued)

S. No./Reference No. Author(s) Paper title Observations

[15] Long-Jiang Zhang
et al.

High strength and good
ductility at elevated
temperature of
Nano-SiCp/Al2014
composites fabricated
by semi-solid stir
casting combined with
hot extrusion

Tensile strength of
Al2014 alloy got
improved by adding
nano-SiCp at 493 K,
without sacrificing
ductility

[16] Jebeen Moses J.
et al.

Characterization of
silicon carbide
particulate reinforced
AA6061 aluminum
alloy composites
produced via stir casting

Uniform distribution of
SiC particles in matrix
was observed
Microhardness of
composite increased

[17] Shashi Prakash
Dwivedi

Microstructure and
mechanical properties of
A356/SiC composites
fabricated by
electromagnetic stir
casting

A356/5%SiC
composites exhibited
less porosity

[18] Tony Thomas A.
et al.

Development of
Feeding and Stirring
Mechanism for Stir
Casting of Aluminium
Matrix Composites

Significance of stirrer
and feeder was analyzed
by testing composite
specimens

[19] Manish Maurya
et al.

Effect of SiC reinforced
particle parameters in
the development of
aluminium based metal
matrix composite

Al6061/SiC (2–8 wt%)
composites are
fabricated by
electromagnetic stir
casting method
Mechanical properties
of composites improved

[20] Saenpong P. et al. Effect of Particle Size
and Weight Percent of
SiC Particles on
Microstructure and
Hardness of A356-SiC
Composites Produced
by Semi-Solid Stir
Casting

Hardness variations,
because of varying
particle size and weight
percent, were
investigated
Highest hardness was
found to be in T6
heat-treated composite
having particle SiC
particle size of 100
micro meter and 10
wt.%

(continued)
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Table 1 (continued)

S. No./Reference No. Author(s) Paper title Observations

[21] Suresh S. et al. Tribological Behavior of
Al 7075/SiC Metal
Matrix Nano-composite
by Stir Casting Method

Increasing SiC %
reduced wear properties
of composite

proportion of SiC particles thus giving a harder material. Thermal and corrosion
resistance properties of aluminum composites are analyzed by researchers only to a
limited extent.
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Mechanical Behavior Investigation
of Copper-Added A356 Alloy

J. Baskaran, M. Suresh, P. Raghuvaran, V. K. Dharsan, A. Afesul Gayoom,
and S. Dharaneetharan

Abstract The use of aluminum and its alloys has grown dramatically due to the
demand for increased performance and fuel economy. Cast aluminum alloys are
lightweight and can be cast into complex shapes, and thus, they have attracted
significant attention as potential replacements for cast iron and steel in bulky compo-
nents. Compared to other aluminum alloys, refined A356 alloy is particularly attrac-
tive for various automotive applications. Grain refinement of aluminum gives a
number of technical advantages, including reduced cracking, better homogeneity,
better mechanical deformation characteristics and improved mechanical properties.
Microstructural study is carried out to analyze the mechanical properties of the
composite. In the present work, cast A356 alloy with added copper was studied
with their unique mechanical behavior and microstructure. This is carried out in both
normal as cast condition and heat-treated condition, and properties are investigated.

Keywords Grain refinement · Homogeneity · Heat treated

1 Introduction

Aluminum and its alloys provide a unique combination of properties making them
most economical and attractive materials for a wide range of applications. They
have high strength-to-weight ratio. Al-Si alloys are broadly classified into hypo- and
hyper-eutectic alloys depending on the Si content. In all the hypoeutectic cast alloys,
Al-7Si-0.3 Mg finds widespread applications in automotive and general engineering
industries. Castings with complicated shapes and thinwalls are cast by the die casting
process, where permanent molds are used.
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This research paper investigates the addition of copperwith the source alloyA356.
Mechanical properties of this alloy varywith addition of copper considerably. Silicon
(Si) is added as one of the most important alloy elements in aluminum cast alloys.
Individually, it gives considerable strength to the aluminum alloys. The combina-
tion of silicon and magnesium forms Mg2Si, which gives very good strengthening
mechanism [1]. In order to get good machinability thru generation small cutting
chips, copper plays a vital role in aluminum matrix. To refine the aluminum in the
grain boundaries, alloys such as titanium (Ti) and boron (B) are used [2]. In cast and
wrought aluminum alloys, grain refinement plays an important vital role [3]. Gener-
ation of intermetallic compounds such as Al2Cu or Al2Cu phases is achieved in the
grain boundaries with increasing the percentage of copper [6]. Copper is used in this
tertiary eutectic system in different wt. % in A356 aluminum alloy [4]. A356 alloys
are found to provide good results since they have excellent casting characteristics
[5].

Precipitation-hardening (heat-treatment) process is used to improve the strength
and other properties of all the aluminum alloys. Most commonly, aluminum alloys
may undergone T6 heat treatment to achieve superior properties of strength and
ductility [2].

2 Experimental Procedure

2.1 Experimentation

In the present research, 10 kg of master alloys of A356 and required alloys had taken
and cleaned. They are preheated before melting in the furnace. After degassing had
been done for a period of 60–90 min, gravity casting was carried out in permanent
mold filled with molten metal as shown in Fig. 1.

The T6 heat treatment was carried out for a total of 16 h with the first 10 h as
solution treatment at 535 °C and the remaining 6 h of aging at 160 °C followed by
water quenching.

The cast test specimen is a rectangular bar of dimension of 25 × 70 × 130 mm.
The bars were machined into Ø6 mm × 25 mm gage length for the preparation of
tensile test specimen, as ASTM E8 standard for the mechanical properties study. An
INSTRONUniversal TestingMachine (Model 1195-5500R) with Blue Hill software
V 1.4 was used for tensile testing.

The quality of the polishing influences the development of the true microstruc-
ture. HF 5% + 95% of distilled water is used in study. It is used for constituent
identification in cast alloys, especially those containing Si.
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Fig. 1 As Cast specimen

3 Results and Discussion

3.1 Optical Image Analysis

The microstructure and properties of aluminium castings are defined by various
parameters like mixture of alloy and metal solidification rate; the microstructure
evolves during solidification and its resultant effect on the microstructural features
such as dendrite arm spacing, size and defects like porosity.

Figure 2 i, ii. depicts the unreinforced copper. A fine spheroidized particle
of silicon is generated after T6 heat treatment from the previous eutectic phase
throughout the Al matrix. Sharp silicon needles are disappeared, and new grains are
formed and also variation in the grains length is observed.

Figure 2 iii, iv. shows the 0.5% Cu content; the count of silicon particles is
increased considerably, and its transformed spherical form improves the mechanical
properties. Initially, added copper with primary components causes ternary eutectic
reaction at about 520 °C. Next to that coefficient of hydrogen activity is reduced with
the steep rise of copper content consequently solubility of hydrogen was decreased.

Figure 2 v, vi. are clearly observed that clear precipitation of intermetallic particles
(Al2Cu) at the grain boundarieswith increment of 1% copper additionwith the source
alloy as ternary component. Secondary dendritic arm spacing size is reduced in the
casting microstructure. It would improve the overall mechanical properties of the
alloy due to the new generation of secondary phase and reduction in silicon particle
size.
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i) ii) 

iii) iv) 

v) vi) 

Rich Si phases

Al2Cu precipita�on

Fig. 2 Optical micrographs of tempered A356 alloy (i, ii—0% Cu, iii, iv—0.5% Cu, v, vi—1%
Cu)

3.2 Mechanical Testing Result

See Fig. 3.

4 Conclusions

The current work aimed at the enrichment of mechanical behavior of A356 alloy by
the uniformed increment wt% of copper. Based on the obtained result as shown in
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Fig. 3 Mechanical
properties of A356 alloy
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Fig. 3, the alloy was most advisable one in the field of automobile sectors due to
their excellent combination of properties.

• Addition of Cu to A356 results in fine and dispersed silicon phase conversion of
coarse α-Al dendritic structure to equiaxed structure. This may be due to Al2Cu
intermetallic particles which lead to adequate α-Al dendrites.

• Dendrite arm spacing also decreases which makes the microstructure finer
resulting improved mechanical properties,

• Addition of copper was improved the percentage of elongation and hardness value
(75%) at first, but further addition the values was changed drastically.

• A fine Al2Cu precipitate caused by the increment of copper which influences
much improvement in both the tensile and hardness values.
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Review on Manufacturing
and Development of Ni-Ti Shape
Memory Alloys

M. Sureshkumar and S. Madan Mohan

Abstract The recent trends in shape memory alloy application in various fields
are increased to large in number and which requires some specific properties for a
particular area of applications. This shape memory alloy has a unique property to
memorize or to regain its previous form when particular alloy subjected to thermal
or electrical stimulus. Different manufacturing process exhibit various chemical and
mechanical properties. This study presents various strength and limitation of different
manufacturing process involved in manufacturing of nitinol, historical overview, and
recent advance technology and new application of shape memory alloy particularly
in aerospace, automobile, robotics and biomedical.

Keywords Nitinol · Shape memory alloys · Additive manufacturing ·
Manufacturing of nitinol · Application of shape memory alloys

1 Introduction

Nitinol (Nickel Titanium Naval Ordinance Laboratory) is a shape memory alloy
(SMA) that has named after its chemical composition and laboratory where it was
discovered [1]. Shape memory alloy is mainly classified into two types. One-way
shapememory alloywhichwill exhibit its shapememory effect onlywhen heating the
alloy and two-way shapememory alloywhich exhibits its character while heating and
cooling. Due to its shape memory effect, fatigue resistance, good damping properties
and super elasticity have increased its application in various fields mainly in medical
application [2]. In 1959, nitinol was discovered by William J.Buehler of the Naval
OrdinanceLaboratory. Thiswas discoveredwhile trying to develop an impact, fatigue
and heat resistance alloy to use as the nose cone of the navy missile [1, 3].
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Fig. 1 Stress–strain temperature diagram for nitinol [4]

1.1 Properties of Nitinol

The shapememory alloy exhibits two-phase changes, namelymartensite phasewhich
is in the low temperature and austenite phase which will be high-temperature state.
Nitinol has mainly two special properties shape memory effect which is thermally
induced and superelasticitywhich ismechanically induced. The shapememory effect
can be attained by the following process; initially, the alloy will be in the martensite
state which is twinned state, on applying the load its deformed as it will be in the
samemartensite deformed state, and then by applying the high temperature, it will be
changed to austenite state and cooling back the alloy result in phase transformation
to martensite. The superelasticity property can be achieved by applying the load on
the austenite state at constant temperature; this leads to change of phase to martensite
state and again removing the load then phase changed to austenite state. As show in
(see Fig. 1), Nitinol in an austenite state at origin point O is cooled along the path OA
with no applied stress and which passes through transformation points Af (Austenite
finish), As (Austenite start), Ms (Martensite start) and last Mf (Martensite finish) in a
twinned state. The deformation process will be through detwinning and reorientation
occurs from point A to B with elastic unloading from point B to C [4].

1.2 Nickel–Titanium Ratio Significance

The main key point to manufacture nitinol will be Ni–Ti ratio; if it varies with ratio,
then there will be variation in the number of electrons available for bonding. Due to
this variation the behavior in transformation temperature can be seen in the resulting
material, which shows some deviation in nitinol super elasticity and shape memory
effect properties. Various studies have shown that transformation temperature are
very sensitive to the ratio of nickel (Ni) and titanium(Ti), if an alloy composition
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shift of 1% can result in 100 °C change in alloy transformation temperature [5]. The
nitinol with rich nickel has more superelasticity property, and studies have shown
that when nitiol with 60% of nickel, the alloy has a low shape memory effect; this
can be increased by heat treatment [6, 7].

2 Manufacturing of Nitinol

This section covers different manufacturing process of nitinol, highlighting their
strengths, limitations in particularmanufacturing process, significance and suitability
for particular application.

2.1 Casting/melting Process

Castingprocess is themost conventional process formanufacturingof nitinol.Casting
of nitinol involves molten nitinol composition of nickel and titanium which are
more reactive. So this process should be done in vacuum. The main casting process
for nitinol will be vacuum induction melting (VIM), vacuum arc remelting (VAR),
electron beam melting (EBM), plasma arc melting (PAM); these four methods are
widely used for casting nitinol.

Vacuum Induction Melting. The induction melting process will be carried out in
the vacuum condition. The process will be done with the graphite crucible placed in
the steel shell. The material in the crucible will melt when electrical eddy current is
introduced in the graphite crucible. An electrodynamic force will help in mixing and
stirring of the melt. This process has major strengths like easy operation, handling
due to easy construction of crucible, inexpensive due to graphite and chemical melt
homogeneity will be good. The limitations will be high processing cost, carbon
particles present in the melt due to increase in concentration of Ni, which will result
in decrease in transformation temperature [6, 8, 9].

Vacuum Arc Melting. A consumable or non-consumable electrodes is continu-
ously remelted using an arc in a vacuum environment. This process will result in high
purity and therefore used to improve the structure of the vacuum arc melting ingots.
This process does not need any crucible and provides higher purity compare to any
other method of manufacturing. If any leak in the vacuum make result in carbon and
oxygen pickup in the melt [9, 10].

Plasma Arc Melting. The process will be carried out in the argon burner by
screwing the inputmaterial elementswhich is placed in the copperwater-cooled crys-
tallizer. This method prevents the contamination due to use of graphite crucible with
vacuum induction furnaces [12]. Due to quick heat transfer, the melting process will
be quick. This process results in less chemical homogeneity and results in variation
in the property of shape memory alloy.
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Electron Beam Melting. This process will be carried out in the vacuum with
higher pressure compared to the vacuum induction melting environment pressure.
This process will produce circular shape ingot in the vacuum induction furnace by
electron heating. Due to elimination of the graphite crucible, the contamination will
be controlled and carbon content will be 4–10 times lower than the vacuum induction
melting process [8, 11].

2.2 Powder Metallurgy Process

Powder metallurgy process mainly includes conventional metallurgy process and
additive manufacturing process [12]. In this conventional powder metallurgy process
includes conventional sintering (CS), hot isostatic pressing (HIP), spark plasma
sintering (SPS), metal injection molding (MIM). On the other hand, additive manu-
facturing includes selective laser melting (SLM), laser engineered net shaping
(LENS) and selective laser sintering (SLS).

Conventional Sintering. Conventional sintering process which is low cost, good
precision, easy operation and inexpensive compared to casting process. The material
wastage will be reduced in the conventional sintering process by using required
quantity of powder. The limitation are poor mechanical properties and long heating
time due to sintering process. This process is unsuccessful in producing high density
parts [13, 14].

Hot Isostatic Pressing. Only the required and efficient materials are used for
manufacturing; this process shows good homogeneity and pore size compare to
conventional sintering process. This process can be used to produce high-density
quality product with good mechanical property. Due to presence of inert gas may
cause porosities defect, and this process can be carried out for low production rate
[14, 15, 23].

Spark Plasma Sintering. The plasma sintering is the easy operation process for
manufacturing of nitinol. This process provides high density sintering of metal
powder with low temperature with consume less time for process. This gives a high-
quality product with proper shape memory effect and characters. This manufacturing
process requires costly DC generator and limited to manufacturing of simple shapes
[16, 17].

Metal Injection Molding. This process is suitable for manufacturing net shape
products. This offer high geometric precision and cost effective for high volume
production. Various shape and size products can be made using this metal injection
molding. Density of finished product can be attained up to 98%. This process is
expensive due to costly tooling. There will be high amount of impurity phases in
metal injection molding [18].
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Table 1 Important parameters

Manufacturing methods Important parameter References

Vacuum induction melting Low purity in induction melting [6, 8, 9]

Electron beam melting Vacuum environment contamination eliminated [8, 11]

Vacuum arc melting High purity due to arc melting in vacuum,
crucible not required

[9, 10]

Conventional sintering Poor mechanical property and long heating
time

[13, 14]

Hot isostatic pressing High density and good mechanical property
compare to conventional

[14, 15, 23]

Metal injection sintering High geometric precision and cost effective for
mass production

[18]

Spark plasma sintering High-density material sintering and costly due
to DC supply

[16, 17]

Selective laser sintering Good homogeneity and poor surface finish [19, 20]

LENS Highly dense and good microstructure, slow
process

[21]

Selective laser melting High dense of nitinol up to 97% and energy
consumption will be high

[22, 23]

2.3 Additive Manufacturing Process

Selective Laser Sintering. This laser sintering process exhibits good homogeneity
and porosity. Due of usage of the laser source, the shape control will be maintained.
This process is expensive due to machine cost and poor surface finish; sometimes,
the traces of nickel oxides can be found [19, 20].

Laser Engineered Net Shaping. LENS process can able to produce highly pure
and good chemical homogeneity product as a resultant. This product will have
highly dense and good microstructure. This process has poor surface finish and
slow production speed. For this process, the material should be powder [21].

Selective Laser Melting. The parts which are produced in this process will not be
having distinct melt or binder from layer to layer. Different scan patterns are possible
in the laser melting process. The dense nitinol part up to 97% is achievable in the
selective laser melting. There will not be requirement of any postprocessing. The
limitations of this process will be more expensive and consumes lot of energy for
production [22, 23] (Table 1).

3 Future Scope

There are many application of shape memory alloy in the recent trend technology.
In upcoming days, various shape memory materials can be fabricated and applied
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in different fields for various usages. Mainly shape memory alloys are used in the
medical application for surgery and transplant of bone, and this area gives various
openings of researches to apply their shape memory concept in fabricating different
components. Automotive industry from passenger car and to the flight, this shape
memory alloy helps in efficient working of vehicle and to various advantages in
vehicle dynamics are achieved. This shape memory alloy gives various opportunities
in civil structure designing and aircraft designing to build an efficient system. Due to
their transitional material property, this will provide a various scope to researchers.

4 Summary

This paper gives the comparison data for manufacturing and processing the nitinol
in various methods. Different factors have been considered in the comparison which
includes strength, limitation and suitability for particular application that provides
a quick guide for process selection for nitinol. From the review, it is clear that
the chosen manufacturing process or method has the potential to not only define
the final product or alloy, it can affect the economic feasibility of manufacturing
nitinol in various chemical and mechanical properties. The manufacturing process
can be selected based on the application and property required at the end product;
for example, in medical application, the nitinol should have some standards for
medical devices; mainly, their chemical composition in casting process the vacuum
arc melting process provides good properties for medical application [24, 25], and on
the other hand, in powder process, mainly in additive manufacturing, the selective
laser melting provides more advantage for particular application. This paper will
give the right manufacturing process or method for researchers and industrial people
interested in manufacturing of nitinol.
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Kinematic and Dynamic Modelling
and PID Control of Three
Degree-of-Freedom Robotic Arm

K. Renuka, N. Bhuvanesh, and J. Reena Catherine

Abstract Robots have become very common in the manufacturing environment,
allowing tasks ranging from the most repetitive to the most complex to be auto-
mated. In this paper model and control, a robotic system through the use of a 3DOF
articulated robotic arm is done. In the design, manipulator kinematics and dynamics
play a vibrant role. The kinematic model is obtained by relating the end effector’s
position and orientation. Manipulator dynamics gives the relationship between joint
actuator torques and motion of links. The control of the robot requires the knowledge
of the mathematical model and is obtained from basic physical laws governing robot
dynamics. Both linear control schemes and nonlinear controllers can be employed
for the manipulator control, and here control is done using PID controller.

Keywords Articulated robot · Links · Manipulator · Joints · Position ·
Orientation · Transformation matrices

1 Introduction

Robotics, an interdisciplinary branch of engineering and science, deals with its
design, construction and operation, and uses computer systems for control, sensory
feedback and information processing [1]. A robot consists of electronic, electrical
or mechanical units and also a self-controlled device, which replaces human in wide
areas. A device used to handle materials without direct contact is said to be a robotic
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manipulator. Initially, they were automated to perform a sequence of movements,
such as moving from one location to another and closing a gripper, and they did not
have any external sensing capabilities. Some complicated applications require not
only movement but also some external sensing like vision or force sensing, due to
the robot’s amplified interaction with its surrounding [2]. Robot application areas
include underwater and global exploration, satellite retrieval and repair, explosive
device resolving and radioactive work where human intervention is adverse and
unfeasible. Robot manipulators are defined by the nature of their movement and are
made up of joint-connected links. Joints are usually revolute (R) or prismatic (P).
A revolute joint allows relative rotation between two joints and is like a hinge. A
prismatic joint allows for linear relative motion between two connections [3].

Robot manipulators can be classified by their power source, kinematic structure,
intended area of application or control method. Robots are supplied with hydraulic,
electrical or pneumatic control. Hydraulic robots are used to lift heavy loads. Elec-
trically driven robots are popular since they are cheap, clean and quiet. Small,
electrically driven assembly robots are either revolute or SCARA in design. The
areas of application of non-assembly robots are machine loading and unloading,
welding, spray painting and material handling. Robots are classified as servo and
non-servo robots according to the control method. A robotic arm comprises linkages
and joints that are capable of movement [4]. Robotic system components include
power supply, motor actuators, controller, sensors and radio communication module
for radio. Sensors gather information about the robot and its surroundings. Actu-
ator provides the required forces to move the mechanical structure. The effective
performance of a robot depends upon the proper selection of the actuator. It can
be either electrical or mechanical. The basic actuators used for controlling motion
are air motors, hydraulic motors, stepper motors and servo motors. Stepper motors
are best suited for open-loop systems, and servo motors perform best in closed-loop
applications. The controller circuit provides the actuator with the necessary input to
achieve the desired position, power, speed, etc. Robots can withstand harsh condi-
tions like extreme temperature and high levels of radiation. Space robots perform
actions such as positioning of instrument to take measurements, collect samples,
assemble a structure and so on.

In this paper, 3DOF articulated robot arm is modelled using kinematics and
dynamic modelling and the control is done using PID controller and is organized as
follows. Section 2 describes about the robotmodelling and control. Section 3 presents
the results and discussion of the robot. Finally, Sect. 4 presents the conclusion of this
paper.
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2 Modelling and Control of a Manipulator

2.1 Kinematic Modelling of the Robotic Arm

The location of objects in three dimensions is concerned in the study of robotics. The
artefacts are themanipulator’s links, the tools and parts it deals with and other objects
in the manipulator’s surroundings. Attributes describe these objects are position and
orientation. It offers information necessary to determine the position of the manipu-
lator’s hand. To describe these attributes of a body in space, a coordinate system or
frame is always attached rigidly to the object. With respect to some reference coor-
dinate system, the position and orientation of this frame are described. The depiction
of a point in space is altered from one frame to another frame and is referred as
mapping [5]. It is to be noted that mapping alters only the depiction of the point
and not the point itself. In general, consider two frames, frame {1} and frame {2}.
Frame {2} is translated and rotated with respect to frame {1} as shown in Fig. 1. The
distance between the two origins is D1

2. To describe both the position and orientation
of frame {2} with respect to frame {1} or with any frame with respect to another
frame, homogeneous transformation matrix is found. It is denoted by T and is a 4 ×
4 matrix.

T =
[

Rotation matrix(3 × 3) Translation vector(3 × 1)
Perspective transformation matrix(1 × 3) scale factor(1 × 1)

]

In vision systems, perspective transformation matrix is useful and is set to zero
vector when no perspective views are involved. For robotics study, the scale factor
used is 1 [6].

The orientation of frame {2} is determined by the rotation of one of the three
principal axes of frame {1}, and let us consider the rotation of frame {2} with
respect to frame {1} by angle θ about the z-axis of frame {1}; then, the fundamental

Fig. 1 Mapping between two frames—translated and rotated with respect to each other
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rotation matrix is given by Eq. (1) and is denoted as Rz(θ).

Rz(θ) =
⎛
⎝ cosθ −sinθ 0

sinθ cosθ 0
0 0 1

⎞
⎠ (1)

Similarly, rotation matrix for rotation about x-axis is given by Eq. (2) and is
denoted as Rx (θ).

Rx (θ) =
⎛
⎝ 1 0 0
0 cosθ −sinθ
0 sinθ cosθ

⎞
⎠ (2)

Rotation matrix for rotation about y-axis is given by Eq. (3) and is denoted as
Ry(θ).

Ry(θ) =
⎛
⎝ cosθ 0 sinθ

0 1 0
−sinθ 0 cosθ

⎞
⎠ (3)

If the tool moves from one point to another, the transformation occurs along a
vector with components a, b and c. This transformation is given by Eq. (4)

Trans (a, b, c) =

⎛
⎜⎜⎝
1 0 0 a
0 1 0 b
0 0 1 c
0 0 0 1

⎞
⎟⎟⎠ (4)

Each link in the manipulator is connected to two other links with joints at either
end, except the base (first link) or the end effector (last link) which have only one
joint. The definition of a manipulator with the joint link parameters for each link
and a procedure for assigning right-handed orthonormal coordinate frames, one to
each link in an open kinematic chain, was proposed by Denavit and Hartenberg and
is known as Denavit–Hartenberg (DH) notation [5]. An n-DOF manipulator has (n
+ 1) frames with base frame as frame {0} and acts as the reference inertial frame
and frame {n} being the tool frame. The composite transformation matrix, which
describes frame {i} with respect to frame {i − 1}, is obtained using Eq. (5).

i − 1Ti = Rot(z, θi ) ∗ Trans(0, 0, di ) ∗ Trans(ai , 0, 0) ∗ Rot(x, αi ) (5)
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i − 1Ti =

⎛
⎜⎜⎝
cos θi − sin θi cosαi sin θi sin αi ai cos θi

sin θi cos θi cosαi − cos θi sin αi ai sin θi

0 sin αi cosαi di
0 0 0 1

⎞
⎟⎟⎠ (6)

The tool frame can be translated and rotated with respect to the base frame. The
transformation between these two frames is the transformation matrix (T) of the end
effector and is given by

T = 0Tn = 0T11T2 . . . i − 1Ti (7)

Kinematicmodelling is done to analyse the relationship between the end effector’s
position and orientation and the joint variables. The position and orientation of the
end effector should be controlled in 3D space so that it follows a defined trajectory
or manipulate objects in the workspace. The kinematic modelling is split into two
parts:

• The problem of finding the position and orientation of the end–effector with
respect to a known reference with the given set of joint link parameters for an
n–DOF manipulator is mentioned as direct kinematics or forward kinematics [7].

• For a given position and orientation of the end effectorwith respect to the reference
frame, it is necessary to find a set of joint variables thatwould bring the end effector
in the desired position and the orientation and is stated as inverse kinematics. It
determines all possible set of joint variables to achieve the specified position.

In the robot manipulator’s position control, direct and inverse kinematics is of
utmost importance. The inverse kinematics is difficult when compared to direct
kinematics because no systematic procedures exist for its solution. Inverse model
of every manipulator has to be done separately. Inverse kinematics solution is found
by solving nonlinear simultaneous equations which involves transcendental func-
tions. The numbers of simultaneous solutions sometimes are more than the number
of unknowns and make some of the equations mutually dependent. The conditions
for existence of inverse kinematic solutions should be examined. The workspace of
the manipulator is the volume of space in which the manipulator is able to locate
its end effector [5]. Reachable workspace is the region that can be reached by the
origin of the end effector framewith at least one orientation. The space where the end
effector touches every point from all orientations is known as dextrous workspace. If
the chosen point P lies outside the reachable workspace, then no solution exists. The
existence of multiple solutions is a common situation met in solving inverse kine-
matics problem. From thosemultiple solutions, the robot system should be capable to
choose one probably the best solution. Two approaches are there to solve the inverse
problem: closed-form solutions and numerical solutions. Newton–Raphson method
is the iterative algorithm used in numerical methods, and they are computationally
difficult and sluggish compared to closed-form methods [8].
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2.2 Dynamic Modelling of the Robotic Arm

In kinematics, the forces required to cause the motion are not considered. Position
and orientation varywith time and are termed as the dynamic behaviour of themanip-
ulator. In dynamics, the equations of motion for a manipulator are considered which
arises from the torques applied by the actuators or the external forces applied to the
manipulator. Each joint has a motor for providing input torque. Torques are applied
at the joints to balance out the internal and external forces such as inertial, Coriolis,
frictional, load and gravitational forces. The serial link manipulator is an intricate
dynamic system which can be systematically modelled using Lagrangian mechanics
[5]. There are two main dynamic modelling approaches, namely Lagrange–Euler
(energy-based) and Newton–Euler (force balance) that can be analytically applied
to develop the manipulator equations of motion. Assuming no backlash and friction
between the joints, a set of second-order nonlinear differential equations, consisting
of inertial loading and coupling reaction forces, are obtained. The Lagrangian L is a
scalar function which is defined as the difference between the total kinetic energy K
and the total potential energy P of a mechanical system.

L = K−P (8)

Using Euler–Lagrange formulation, the torque required at the joint to produce
desired dynamics is found using Eq. (9).

τi = d

dt

(
∂L

∂ q̇i

)
− ∂L

∂ q̇i
for i = 1,2, . . . , n (9)

The formulation is a methodical procedure to obtain the dynamic model of an n-
DOF manipulator. Relationship between the joint positions, velocities, accelerations
and the torques applied to the manipulator is obtained using dynamic modelling. The
following steps are carried out in deriving equations of motion using Lagrange–Euler
formulation [9]. The link transformation matrices T obtained from the kinematic
modelling are used. The link velocity and inertia tensors are obtained [5]. They are
used in kinetic energy computation. Subsequently, potential energy is computed and
Lagrangian is formed to get the dynamic model.

The link velocity is required for computing the kinetic energy of a link of an
n-DOF manipulator [10]. The velocity of a point in the manipulator with respect to
the base frame coordinates is obtained using Eq. (10).

v0
i =

i∑
j=1

∂0Ti
∂qi

q̇i (10)
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The transformation matrix T 0
i involves complex trigonometric terms, and partial

derivativewith respect to q̇i involves complex computation. To simplify the computa-
tion of partial derivative of the homogeneous transformation matrix T, the following
steps are done. The transformation matrix i − 1Ti for link i given by Eq. (6) for a
rotary joint considered.

i − 1Ti =

⎛
⎜⎜⎝
cos θi − sin θi cosαi sin θi sin αi ai cos θi

sin θi cos θi cosαi − cos θi sin αi ai sin θi

0 sin αi cosαi di
0 0 0 1

⎞
⎟⎟⎠ (11)

The partial derivative of the transformation matrix i − 1Ti with respect to θi is

∂ i−1Ti
∂θi

=

⎛
⎜⎜⎝

− sin θi − cos θi cosαi cos θi sin αi −ai sin θi

cos θi − sin θi cosαi sin θi sin αi ai cos θi

0 0 0 0
0 0 0 1

⎞
⎟⎟⎠ (12)

Comparing Eqs. (11) and (12), it gives a pattern. The pattern observed is

• Interchange row 1 with row 2.
• Change the sign of row 1.
• Make row 3 and row 4 zero.

The above steps are used in obtaining the partial derivative of i − 1Ti with respect
to θi without actually differentiating the terms. The above result can be deduced using
matrix operations, which is more convenient while performing operations using a
computer. Mathematically, the above result is obtained using a 4 × 4 matrix Qi

defined as

Qi =

⎛
⎜⎜⎝
0 −1 0 0
1 0 0 0
0 0 0 0
0 0 0 0

⎞
⎟⎟⎠(For revolute joint) (13)

Premultiplying i − 1Ti with Qi , we get Eq. (14)

Qi ∗ i − 1Ti =

⎛
⎜⎜⎝

− sin θi − cos θi cosαi cos θi sin αi −ai sin θi

cos θi − sin θi cosαi sin θi sin αi ai cos θi

0 0 0 0
0 0 0 1

⎞
⎟⎟⎠ (14)

The result is same as Eq. (12). Hence,
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∂ i−1Ti
∂θi

= Q
i
∗i − 1Ti (15)

For prismatic joint Qi defined as

Qi =

⎛
⎜⎜⎝
0 0 0 0
0 0 0 0
0 0 0 1
0 0 0 0

⎞
⎟⎟⎠ (16)

During motion of the link, inertia forces are contributed by the mass of the link.
Rotational inertia is represented by a tensor [5]. It is a 4× 4 symmetricmatrix defined
as

Ii =

⎡
⎢⎢⎣

∫
x2i dmi

∫
xi yidmi

∫
xi zi dmi

∫
xidmi∫

xi yidmi
∫
y2i dmi

∫
yi zi dmi

∫
yidmi∫

xi zi dmi
∫
yi zi dmi

∫
z2i dmi

∫
zidmi∫

xidmi
∫
yidmi

∫
zidmi

∫
dmi

⎤
⎥⎥⎦ (17)

where dmi is the mass of the element on link located at r ii = (
xi yi zi 1

)
T. Moments

of inertia are diagonal elements, and inertial products are off diagonal elements. Ii
is expressed as

Ii =

⎡
⎢⎢⎢⎢⎣

1
2 (−Ixx + Iyy + Izz) Ixy Ixz mi

−
xi

Ixy
1
2 (Ixx − Iyy + Izz) Iyz mi

−
yi

Ixz Iyz
1
2 (Ixx + Iyy − Izz) mi

−
z i

mi
−
xi mi yi mi zi mi

⎤
⎥⎥⎥⎥⎦ (18)

where mi is the mass of the link and r ii = (
xi yi zi 1

)
T is its centre of mass.

The total kinetic energy for n-DOF manipulator is given by

K = 1

2

n∑
i=1

i∑
j=1

i∑
k=1

Tr
[
(0Tj−1Q j

j−1Ti )Ii (0Tk−1Qk
k−1Ti )

T
]
q̇ j q̇k (19)

It is a scalar and depends on the position and speed of the joint (q,q̇).
Sum of the potential energy of the individual links gives the total potential energy

as given below

P =
n∑

i=1

Pi = −
n∑

i=1

mig
0Ti

i −r i (20)
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where i −r i represent the centre of mass of link i. The acceleration due to gravity

g = [
gx gy gz 0

]T
is a 4 × 1 gravity vector with respect to the base frame. The

negative sign specifies that work is done on the system to raise the link i against
gravity. Potential energy is a scalar, and it depends on joint displacement q.

The Lagrangian L = K − P is given by using Eqs. (19) and (20).

L = 1

2

n∑
i=1

i∑
j=1

i∑
k=1

Tr
[
0Tj−1Q j

j−1Ti )Ii (
0Tk−1Qk

k−1Ti )
T
]
q̇ j q̇k +

n∑
i=1

mig
0Ti

i −r i

(21)

The torque τi of the actuator drives link i of the manipulator at joint i is given
below

τi = d

dt

(
∂L

∂ q̇i

)
− ∂L

∂ q̇i
(22)

By substituting L and differentiating, torque τi is obtained which is applied to
link i of n-DOF manipulator.

τi =
n∑
j=1

Mi j (q)q̈ j +
n∑
j=1

n∑
k=1

hi jk q̇ j q̇k + Gi for i = 1, 2, . . . , n (23)

where

Mi j =
n∑

p=max(i, j)

Tr
[
dpj Ipd

T
pi

]
(24)

hi jk =
n∑

p=max(i, j,k)

Tr

[
∂(dpk)

∂qp
Ipd

T
pi

]
(25)

Gi =
n∑

p=i

m pgdpi
p−
r p (26)

and

di j =
{

0Tj−1Q j
j−1Ti for j ≤ i

0 for j > i
(27)

and



876 K. Renuka et al.

∂di j
∂qk

=
⎧⎨
⎩

0Tj−1Q j
j−1Tk−1Qk

k−1Ti for i ≥ k ≥ j
0Tk−1Qk

k−1Tj−1Q j
j−1Ti for ri ≥ j ≥ k

0 for i <; j or i < k
(28)

The dynamic model is a set of n nonlinear and coupled second-order ODE, and
Eq. (23) is the dynamicmodel for n-links of the n-DOFmanipulator. These equations
are the manipulator’s dynamic equations of motion. The physical significance of
various terms in Eqs. (23)–(28) is described as follows.

• Inertia is represented by the coefficients of the q̈ j terms in the above equation.
Acceleration of joint i causes a torque at joint i and is known as the effective
inertia, denoted as Mii . Acceleration of joint i causes a torque at joint j and is
known as the coupling inertia, denoted as Mi j . Inertia loading of the actuator is
represented by the coefficients ofMi j and is related to the acceleration of the joint.

• The coefficient hi jk denotes the velocity-induced reaction torque at joint i. From
Eq. 25 , a term of the form hi j j q̇2

j is the centrifugal force that acts at joint i due to
the velocity at joint j and a term of the form hi jk q̇ j q̇k is called Coriolis force that
acts at joint i due to the velocities at joint j and k.

• qi = joint displacement for joint i.
• q̇i = velocity of joint i.
• q̈i = acceleration of joint i.
• The terms di j determine the position and orientation of frame {i} relative to the

base coordinate frame as q j changes.

The computation of these matrices is very much intensive and is done using
MATLAB code, and the actuator torques are found using the Lagrange–Euler model
algorithm.

2.3 Control of the Manipulator Joints

A robot carries out the specified task by moving its end effector accurately and
repeatedly. The manipulator control system accepts the joint location time history
as input and causes it to track the commanded trajectory. For control, knowledge
of the mathematical model is required and is obtained from basic physical laws
governing robot dynamics. The robot should be able to control its movement and
control the force that it exerts on the environment. Themanipulator’s individual joints
are operated and guided by an actuator that applies a force or torque which causes the
link tomove.Manipulator’s control system helps to achieve the specified end effector
motion [11]. Each joint in the manipulator can be controlled independently using a
simple control system, which produces a joint actuator force or torque proportional
to the required change in the joint variable. In case of open-loop control, the actuator
torque is directly computed from the dynamic model of the manipulator. In dynamic
modelling, accurate computation of the parameters is difficult because it does not



Kinematic and Dynamic Modelling and PID Control … 877

Fig. 2 General block diagram for manipulator control system

include the effects of friction, backlash and so on at the joints. These effects are
highly nonlinear and difficult to model. Because of all these complications, open-
loop control has limited trajectory tracking capabilities [12]. These limitations are
overcome by using a closed-loop control scheme as shown in Fig. 2.

Sensors such as encoders and tachometersmounted at the jointsmeasure the actual
joint positions and velocities at every instant of time. These are useful in computing
the error between the desired and actual positions and velocities. Amplifiers boost
and transform small command signals so that it can actuate the joint actuator. The
control schemes are classified as either linear or nonlinear depending upon the control
law employed to compute the joint torques [13]. The manipulator dynamic model
is highly nonlinear, hence the linear control technique is an approximation method,
and for this manipulator joint should be modelled as linear second-order system.
Each joint has a single input and a single output. The n-DOF manipulator is there-
fore modelled as a linear n-independent second-order system and is operated by
n-independent SISO control systems [14]. Individual joints of the manipulator can
be controlled by using linear control schemes such as PID controller. The integral
term used in this controller eliminates the steady-state error. The block diagram of
PID control scheme is shown in Fig. 3.

Fig. 3 PID control scheme
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The model-based portion of the PID controller is

ta(s) = Iefft
′
a(s) + Beffsqa(s) (29)

The servo portion includes position, derivative and integral components of the
servo error. The PID servo law is given by

τ
′
a(s)= s2d(s) + Kdsa(s) + Kpa(s) + Kia(s)

s
(30)

The error dynamics for the controller is given by

s2E(s) + KdsE(s) + KpE(s) + Kl

s
E(s) = 0 (31)

A step function of constant magnitude, τdist(s) = K/s, is given as the disturbance,
and the error dynamics is

s2E(s) + KdsE(s) + KpE(s) + Kl

s
E(s) = K

s
(32)

or.

E(s) = K

s3 + Kds2 + Kps + Ki
(33)

The steady-state error for the PID controller in the presence of a disturbance is

ess = lim
s→0

sE(s) = lim
s→0

sK

s3 + Kds2 + Kps + Ki
(34)

Simplifying, it gives ess = 0. Even in the presence of disturbance, the PID
controller causes the manipulator to reach the desired position.

PID controller is a very simple and easy technique to control the robot’s joints.
Linear control schemes can be used in controlling themanipulator joint, and nonlinear
control techniques are much useful in controlling the manipulator. The nonlinear
schemes employ nonlinear feedback to linearize the manipulator dynamics [15].
Methods such as computed torque control, force control, impedance control, robust
and adaptive control are more complex control approaches for the manipulator
control.
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3 Results and Discussion

3.1 Forward Kinematics Using RoboAnalyzer

RoboAnalyzer is a 3D model-based software to learn DH parameters, kinematics
and dynamics of robots, allows 3D animation and plots graph as output. To obtain
the transformation matrices of the robot, its modified DH parameters are first entered
as shown in Table 1.

The modified DH parameters shown in Table 1 are entered in the DH parameter
column of the RoboAnalyzer software as shown in Fig. 4. After entering the DH
parameters, the robot 3D model appears as shown in Fig. 4

By selecting the Link Config tab, the transformation matrix between the frames
can be found for joint angles that are given in the initial value column of the DH
parameter table. The end effector matrix is obtained by selecting the EE Config tab
as shown in Fig. 5.

Table 1 Modified DH parameters of the robotic manipulator

Joints Joint angle (θ) Link twist (α) Link length (a) in mm Link offset (d) in mm

1 θ1 0 0 0

2 θ2 90 L1 D1

3 θ3 90 D2 L2

Fig. 4 Robot model and its kinematics using RoboAnalyzer
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Fig. 5 End effector matrix
of the manipulator

3.2 Dynamics of Manipulators Using MATLAB

The equations of motion of a 2DOF RR non-planar manipulator are determined
according to the Lagrange–Euler dynamic algorithm for the DH parameter values
mentioned in Table 1, it is done usingMATLAB, and the corresponding joint torques
are found to be as given below.

t1 = 0.0037, t2= 0.0036

The complete dynamic model is obtained using Eqs. (8)–(28) as discussed in
Sect. 3.

3.3 Control of Manipulator Joint Using PID Controller

By using PID controller, the joints of the robot arm can be controlled independently.
The Simulink model as discussed in Section IV is used. Here, the input given is
step input. The reference position of the joint of the manipulator is set as 0.3. The
desired response of joint with the help of PID controller is shown in Fig. 6. And
its performance is appreciable. The appropriate controller gain values are found by
auto-tuning of the controller. The manipulator joint transfer function is found for
which the controller is designed.

τa(s)

θa(s)
= 100

s(s + 4)

Thus, the control of the manipulator joint is done using PID controller which is
very simple and easy to implement in controlling the joints of the manipulator.
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Fig. 6 Response of the joint with PID

4 Conclusion and Future Work

Robots are broadly used in places where there is a necessity for enhanced use of tools
and for data collection in human inaccessible areas. This project is about both kine-
matic and dynamic modelling of 3DOF manipulator, and it is done using MATLAB
and RoboAnalyzer software. The kinematics modelling that helps in finding the
position and orientation of the manipulator’s end effector with respect to the base
frame is done. Dynamics helps in finding the input torque for actuating the joints.
PID controller is used to control the manipulator joints independently. The control
of the manipulator joints is done using Simulink in MATLAB. The work is mainly
focussed on the modelling of robot arm, and control is done only for the manipu-
lator joints. When the number of joints of the robot arm increases, the complexity
also increases and PID controller will not be efficient and in that case nonlinear
control techniques are used in controlling the robot arm. In future, this work can
be extended by implementing nonlinear control schemes for the robot manipulator
control. Nonlinear control system techniques provide more accurate results because
it uses the exact dynamic model of the manipulator. It delivers greater trajectory
tracking performance than the linear controllers. Some of the nonlinear control tech-
niques such as computed torque control, force control and feedback linearization
method provide result superior to PID control.
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Investigation on Normal Hard Turning
of AISI 4340 Steel

N. Jayakumar, G. Senthilkumar, M. Vignesh, and V. Gokul

Abstract The turning of hardened steel is the current problem with required
minimum machining force and surface roughness. In this investigation on normal
defect hard turning AISI 4340 steel has been used, because of it is medium carbon
(0.4% C) high strength martensitic steel. This material is more important in the crit-
ical applications like aerospace and automotive transmissions. To machine a ferrous
alloy which is over 45 HRC, the hard turning process has been used to remove the
material which has single-point cutting tool at high speeds. For processing hard steel,
it involves a traditional approach, and those operations were consumed significant
amount of cost and time. When it is compared with hard turning (HT), it reduces the
annealing and grinding requirements. Still researchers are finding the best combina-
tion of inserts in HTwhere tool life plays significant role due to its cost and obtaining
better surface finish. To discover the best ideal parameters for normal hard turning
process by considering the cutting speed, feed rate, and depth of cut as input param-
eters using L9 orthogonal array in Taguchi method and Grey relational analysis for
ANOVA. Normal HT was performed on hardened AISI 4340 steel and obtained the
results. The optimal setting for this normal HT with consideration of machining
force & surface roughness to the level of factors applying Grey relation grade is
speed—900 rpm, feed—0.05 mm/rev, and depth of cut—0.5 mm.

Keywords Normal hard turning (HT) · Cutting speed · Feed rate · Depth of cut ·
Tool wear · Surface roughness

1 Introduction

The method of removing materials to obtain definite shape is known as machining.
The engineering components like gears, bearings, clutches, shafts, nuts, screws, etc.,
are always should have form and dimensional accuracy with good surface finish.
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Processes like casting, forging, etc., generally cannot provide the desired accuracy.
For those parts which need to be finished with accuracy, semi-finishing and finishing
process are carried out by machining. The basic finishing process is grinding.

HT is a significant procedure since all producers are persistently looking for
approaches to make their parts with lower cost, more excellent, fast arrangements,
lower investment, and littler tooling stockwhile dispensingwith non-esteem included
activities. HT is a reasonable procedure that has genuine and quantifiable financial
and quality advantages.

HT process was studied for selecting the tool material, cutting parameters, and
cutting edge geometry affecting the efficiency in the way of tool forces, white layer
and surface integrities. Most of the research work in hard turning process has been
used without cooling. No other works addressing the radial force dominance [1].

In this paper it uncovers that impact in workpiece hardness, cutting parameters,
coating method with different aspects of machinability like tool life, surface rough-
ness, and cutting force additionally chip morphology while turning the hardened
AISI 4340 steel at various degree of hardness. Finally, it was found that the CVD
tool gives the best performance for the cutting speed 300 and 180 m/min for different
hardness of the workpiece 35 and 45HRC. But PVD-coated tool gives the upper limit
as 200 m/min [2].

The paper work reveals the optimization of cutting parameters in HT of AISI 4340
steel. The selected parameters are cutting speed, feed, and depth of cut on surface
roughness. The optimal parameters have been selected as cutting speed (180 m/min),
feed (0.125 mm/rev), and depth of cut (0.8 mm) using Taguchi analysis with signal-
to-noise ratio. The feed has most significant and doc is minimum significant [3].

During machining the hard steels, the machining force should be minimum
to attain the better surface roughness. To perform better machining, the cutting
speed, feed, and depth of cut should be chosen optimal value. While calculating
the machining force, it includes the cutting force, thrust force, and feed force. Each
and every input parameters plays a significant role in the tool wear and tool life.

2 Experimental Details

2.1 Work Material Specification

AISI 4340 steel shaft of diameter 44 mm and length 380 mm is considered for
experimentation as shown in Fig. 1. Centre drill is made on the sides of the rod. AISI
4340 steel chemical composition is Fe 95.73%, C 0.399%, Si 0.302, Mn 0.639%, P
0.012%, S 0.011%, Cr 1.034%, Mo 0.254%, Ni 1.524%, Al 0.020%, Cu 0.058% Ti
0.014%, V 0.005%, W 0.001%, Pb 0.001.
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Fig. 1 Work piece

Table 1 Specification of the
lathe

Model Turnmaster-35

Spindle motor 3HP/22 Kw

Feed motor 1HP/DC

Distance between centres 800 mm

Height of centre 175 mm

Maximum speed 1500 rpm

2.2 Machine and Equipment’s Used

See Table 1 and Fig. 2 for specification of the lathe & experimental setup.

2.3 Kistler Multicomponent Tool Dynamometer

See Figs. 3 and 4 piezoelectric tool dynamometer and turning insert

2.4 Cutting Tool

• Material selected-cubic boron nitride (CBN KBN10M)
• Designation-CNGA120408S01225ME
• Make-Kyocera
• Megacoat CBN tool is used as insert for machining for hardened AISI 4340 steel.

It has TiC coat which acts as flank wear resistance.

Advantages

• Smaller-scale grain CBN tool with imaginative structure scattering.
• Hard-bonded phase (TiC) + MEGACOAT
• Because of its high wear resistant, heat resistant, and pit wear counteractive action

execution, it is reasonable for high speed cutting of hardened material.
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Fig. 2 Experimental setup (centre lathe)

3 Work Piece Preparation

3.1 Hardening

To improve the hardness, the work pieces are heat treated. It is medium carbon steel
which is heated above its upper critical temperature at 870 °C and soaked for half an
hour. Then, it is quenched in quenching oil. The hardness of material is increased to
48 HRC (Table 2 and Fig. 5) after workpiece hardening.

4 Process Variables and Their Limits

The working ranges of the parameters were selected for design of experiment is
based on Taguchi’s L9 Orthogonal Array (OA) design. The process variables of this
experimental study are cutting speed, depth of cut and feed rate have been selected.

The process variables with their notations and units are listed in (Tables 3 for
Orthogonal Array and Table 4 Input Combinations).
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Fig. 3 Piezoelectric tool dynamometer

Fig. 4 Turning insert

Table 2 Process variables
and limits

Levels Cutting speed
(rpm)

Feed (mm/min) Depth of cut
(mm)

Level 1 500 0.05 0.5

Level 2 700 0.07 0.6

Level 3 900 0.09 0.7
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Fig. 5 Work piece after
hardening

Table 3 Taguchi’s L9
Orthogonal Array (OA)

S. No. A B C

1 1 1 1

2 1 2 2

3 1 3 3

4 2 1 2

5 2 2 3

6 2 3 1

7 3 1 3

8 3 2 1

9 3 3 2

Table 4 Input combinations S.No Speed (rpm) Feed (mm/min) Depth of cut (mm)

1 500 0.05 0.5

2 500 0.07 0.6

3 500 0.09 0.7

4 700 0.05 0.6

5 700 0.07 0.7

6 700 0.09 0.5

7 900 0.05 0.7

8 900 0.07 0.5

9 900 0.09 0.6

4.1 Design of Experiment

To lessen the quantity of analyses, in light of Taguchi strategy and L9 symmetrical
cluster were used and the structure of analysis was directed. Investigations have been
finished using Taguchi’s L9 Orthogonal Array (OA) exploratory plan in these nine
(9) mixes of cutting speed (rpm), feed (mm), and depth of cut (mm). It thinks about
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three process parameters (without connection) to be changed in three discrete levels.
A-Cutting speed (rpm), B-Feed (mm/min), and C-Depth of cut (mm).

Grey Relational Analysis

For machining force and surface roughness, smaller is better (SB),

xi (k) = min xoi (k) − xoi (k)

max xoi (k) − min xoi (k)

where xi (k) is the generating value of Grey relational analysis, minxoi (k) is the
minimum value of xoi (k) max xoi (k) is the maximum value of xoi (k).

The Grey relational coefficients are calculated by following equation

ξi (k) = �min + ζ�max

�oi (k) + ζ�max

where ζ is the distinctive coefficient, ζ ∈ [0,1]

0.5 is the most suitable value.
Grey relational grades are obtained by following formula

γi = 1

n

n∑

k=i

ξi (k)

whereξi (k) is the Grey relational coefficients.

4.2 Turning Operation

The hard turning is carried out for following input parameter using above experi-
mental setups. Work piece is machined for this experiment without using coolant.
There were no built up edges during machining. Tool holder was placed above
the Kistler dynamometer to measure the machining force. Turning carried out for
combinations as shown in (Table 4) for available length and is sufficient to measure
machining force and surface roughness (Fig. 6 for turning operation).

Some of the following assumptions were made during turning operation.

1. Throughout the length of the workpiece, the hardness is same.
2. Vibration is negligible.
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Fig. 6 Turning operation

5 Results and Discussion

5.1 Normal Hard Turning and Machining Force

Machining force: Fm =
√
Fc2 + Ft2 + Fr2

Where Fc: Cutting force, Ft: Thrust or radial force and Fr: Feed force (Table 5).

Table 5 Force measured from dynamometer and machining force for normal hard turning

Speed
(rpm)

Feed
(mm/min)

Depth
of cut
(mm)

Feed
force Fr
(N)

Thrust
force Ft
(N)

Cutting
force Fc
(N)

Machining
force (N)

SNRA

500 0.05 0.5 96.21 130.1 101.6 191.0626444 −45.6235

500 0.07 0.6 204.3 198.3 227.2 364.2543342 −51.2281

500 0.09 0.7 277 251.4 299.5 479.1985079 −53.6103

700 0.05 0.6 132 147.2 133.4 238.5107964 −47.5502

700 0.07 0.7 187.5 224.8 198.1 353.4613133 −50.9668

700 0.09 0.5 121.9 185.9 152.7 269.6955877 −48.6175

900 0.05 0.7 141.8 147.1 157.6 258.0376135 −48.2337

900 0.07 0.5 103.3 151.9 120 219.4185498 −46.8255

900 0.09 0.6 180 216.4 175.3 331.6007388 −50.4123
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Table 6 Signal-to-noise
ratios (smaller the better)
response table

Level Cutting speed (rpm) Feed rate (mm/rev) Doc (mm)

1 −50.15 −47.14 −47.02

2 −49.04 −49.67 −49.73

3 −48.49 −50.88 −50.94

Delta 1.66 3.74 3.91

Rank 3 2 1

5.1.1 Machining Force

Then regression is dependence of a variable on one or more other variables. The
multiple linear regression equation is the number of independent variable on the
right side of the linear equation more the one. Regression equation strength for the
experiment is 93.5%.

The regression equation is

Machining Force = −208 − 0.188 Speed + 3274 Feed + 684 Depth of cut

Characteristic of machining force is smaller the better.

S/N = −10 log10 sum (Y2/n).

Signal-to-Noise Ratio and Data Mean

The factors are classified into control factors and noise factors. TheDOE for obtaining
graph for signal-to-noise ratio and data mean for the obtained results. In the response
table for the signal-to-noise ratio and data mean, the ranking of respective input
parameters are obtained as follows (Table 6).

The most influencing parameter to get better machining force is depth of cut,
succeed by feed rate, and cutting speed.

Graph from Figs. 7 and 8 shows that machining force will decrease with increase
in speed and decrease in feed and depth of cut. From analysis and experiment, smaller
machining force is obtained at cutting speed (500 rpm), feed rate (0.05 mm/rev), and
depth of cut (0.5 mm).

5.1.2 Surface Roughness

Then regression is dependence of a variable on one or more other variables. The
regression equation strength for the experiment is 96.5% (Table 7).

The regression equation is:

Ra = 0.597 − 0.000329 Speed + 5.00 Feed + 0.242 Depth of cut
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Fig. 8 Means plot for machining force

The characteristic for surface roughness is smaller the better.

S/N = −10 log10 sum (Y2/n)

Signal-to-noise ratio and Data mean.



Investigation on Normal Hard Turning … 893

Table 7 Surface roughness for normal hard turning

Exp. No. Speed (rpm) Feed (mm/rev) Depth of cut (mm) Surface roughness
(μ)

SNRA

1 500 0.05 0.5 0.8 1.93820

2 500 0.07 0.6 0.925 0.67717

3 500 0.09 0.7 1.075 −0.62817

4 700 0.05 0.6 0.755 2.44106

5 700 0.07 0.7 0.865 1.25968

6 700 0.09 0.5 0.93 0.63034

7 900 0.05 0.7 0.73 2.73354

8 900 0.07 0.5 0.795 1.99266

9 900 0.09 0.6 0.88 1.11035

Table 8 Signal-to-noise
ratios (smaller the better)
response table

Level Cutting speed (rpm) Feed (mm/rev) Doc (mm)

1 0.6624 2.3709 1.5204

2 1.4437 1.3098 1.4095

3 1.9455 0.3708 1.1217

Delta 1.2947 2.0001 0.3987

Rank 2 1 3

Factors are classified into noise factors and control factors. For the obtained results,
the DOE of graph of signal-to-noise ratio and data mean has obtained. The response
table of the signal-to-noise ratio anddatamean, and the rankingof all input parameters
are obtained as follows.

Table 8 shows the signal-to-noise ratio response table for surface roughness. From
the examination, compared to the cutting speed and depth of cut, the feed is greater
influencing parameter. Graph from Figs. 9 and 10 shows that surface roughness will
be better with decrease in feed and depth of cut and increase in speed. From this
experiment, cutting speed (900 rpm), feed (0.05 mm/rev), depth of cut (0.5 mm), and
the lower surface roughness have acquired.

5.1.3 Grey Relation Analysis

Since there are two output parameters used in this experiment, Grey relation analysis
strategy is utilized to locate the best ideal qualities. Grey relation grade is tabulated
in Table 9.

The optimal setting of the level of factors can be inferred based on higher is better
characteristics. From Table 10 the higher average of Grey relation grade is selected.
The optimal settings of the level of factors are speed—900 rpm, feed—0.05 mm/rev,
and depth of cut—0.5 mm.
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Fig. 9 SN plot for surface roughness
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Fig. 10 Means plot for surface roughness

5.1.4 ANOVA Results for Grey Relation Grade

The ANOVA results in Table 11 show identification in machining force with
percentage of contribution by various factors. The feed is most overwhelming vari-
able then just profundity of cut and speed. The percentage contribution of feed, depth
of cut, and speed towards machining force is 70.34, 15.33, and 13.25%, respectively.
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Table 9 Grey relation grade

Speed (rpm) Feed (mm/rev) Depth of cut
(mm)

Machining
force (N)

Surface
roughness (μ)

Grey relation
grade

500 0.05 0.5 191.06 0.8 0.85567

500 0.07 0.6 364.25 0.925 0.461743

500 0.09 0.7 479.19 1.075 0.333333

700 0.05 0.6 238.51 0.755 0.812828

700 0.07 0.7 353.46 0.865 0.515531

700 0.09 0.5 269.69 0.93 0.555002

900 0.05 0.7 258.03 0.73 0.84133

900 0.07 0.5 219.42 0.795 0.780919

900 0.09 0.6 331.6 0.88 0.520538

Table 10 Average Grey relation grade

Average Grey relation grades

Level 1 0.550249 0.836609 0.73053

Level 2 0.627787 0.586064 0.59837

Level 3 0.714262 0.469624 0.563398

Table 11 ANOVA for GRG

Factors D.O.F S.S M.S Ftest Ptest Pr%

Speed (rpm) 2 0.040391 0.020195 50.88245 0.019274 13.25123

Feed (mm/rev) 2 0.211009 0.105504 265.8205 0.003748 70.34936

Depth of cut (mm) 2 0.046623 0.023311 58.73335 0.016741 15.33682

Error 2 0.000794 0.000397

TOTAL 8 0.298816 98.9374

6 Conclusions

From the investigation on Normal HT of AISI 4340 steel, some conclusions are
as follows: During the consideration of machining force, it is noted that the most
influencing parameters in this normal HT is depth of cut, and later, the feed rate and
cutting speed.Minimummachining force is achieved at the cutting speed of 500 rpm,
feed rate is 0.05 mm/rev, and depth of cut is 0.5 mm. Feed rate is most dominating
parameter and later cutting speed and depth of cut, while the surface roughness
considered. Minimum surface roughness is achieved at cutting speed is 900 rpm,
feed rate is 0.05 mm/rev, and depth of cut is 0.5 mm. The optimal setting for this
normal hard turningwith consideration ofmachining force& surface roughness to the



896 N. Jayakumar et al.

level of factors applying Grey relation grade is speed—900 rpm, feed—0.05mm/rev,
and depth of cut—0.5 mm.
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Estimation of Thermo Oxidation
on Chromel–Alumel Thermocouple

P. Narendra Ilaya Pallavan, S. Srinivasan, and V. Arumugam

Abstract Temperature is one of the most measured parameters within industry.
Thermocouple is an extremely versatile device widely used in industry for critical
high temperature, achieving extremely high accuracy with a thermocouple can be
more difficult because of their inhomogeneity. Temperature drift in thermocouple
is a common problem that affects the accuracy of a measurement system. Due
to prolonged usage of thermocouple under different conditions causes changes in
the properties of the thermocouple and in turn degrade the thermocouple which
is followed by drift. Hence it is important to analyze the rate of degradation of
the thermocouple material. In this work, material analysis using scanning electron
microscopy by an energy dispersive X-ray (SEM-EDAX) has been performed on the
thermocouple, due to change in temperature gradient at different insertion positions.

Keywords Thermoocuple · Chromel Alumel · Temperature gradient

1 Introduction

Thermocouple is a widely used device in industry for the measurements of high
temperature. It is a cable of two wires made from two dissimilar alloys that are
fused together at one end. Thermocouple produces a small potential created by the
junction of two dissimilar alloys. The reality is that it is the temperature difference
between one end of a conductor and the other end that produces the small electro
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motive force (EMF), or charge imbalance. When a thermocouple is used to measure
the temperature of a process, it is expected that the acquired potential does not
vary if the temperature of the atmosphere is constant. In certainty, the voltage can
change with period, even though the temperature of the atmosphere is constant, this
phenomenon is called Drift and is a source of error in thermocouple measurement
[1].

The objective of the work is to measure the thermocouple drifts by subjecting the
thermocouple at:

Analyze the effect due to change in temperature gradient at different insertion
position [2].

The initial deviation of the conversion characteristics due to the in-homogeneity
of the thermocouple [3].

Su Jun et al. [4] have experimentally determined the error of the thermocouple
with controlled profile of temperature field and also compared with the theoretical
estimations. Su Jun and Kochan [5] have adopted neural network methods for error
correction which occurs due to inhomogeneity of thermocouple electrodes during
prolonged use. It is shown that the error does not exceed ±0.46 °C at 5% signifi-
cance level. Amagai and Nakamura [6] have determined the exponentially reducing
thermal drift of a single junction thermal converter from the increase in temper-
ature on the cold side of thermocouple which is obtained using thermal model.
Ahmed et al. [7] has conducted analytical, experimental, and numerical analyses to
inspect the effect of K-type thermocouple wire electrical protection on temperature
measurement. It has been inferred that the effect of electrical protection on large
diameter thermocouple must be accounted where as it can be neglected for small
diameter thermocouple. Rokosz et al. [8] have examined the external layer formed
on pure titanium after plasma electrolytic oxidation using SEM, EDAX, and X-ray
photoelectron spectroscopy (XPS).

2 Material

Bare K-type thermocouple (Chromel–Alumel) of length 28 cm and diameter of 16
SWG, i.e., diameter is 0.16256 cm (0.064 inch) is considered for the case study.
Fluke temperature furnace (Model No. 9150) is used as the reference source, which
has a temperature range of 150–1200 °C, display resolution of 0.1 °C to 999.9 °C,
stability ±0.5 °C, and display accuracy±5.0 °C. The depth and diameter of the well
is are inch and 1.25 inch, respectively. Hitachi SEM/EDAX (Model No. S3400N)
scanning electron microscope is used for obtaining the elemental characterization
that has a magnification capability of 5× to 300,000× and a resolution of up to
10.0 nm (10KV HV mode).
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3 Procedure

3.1 Measurement Based on Temperature Gradient

The existent thermocouples are not homogeneous to same prolong period, i.e., inho-
mogeneous. In this situation, the thermocouple is partitioned into small areas of
equal size and the thermocouple is considered as homogeneous in each area. The
temperature gradient at each area was measured in the experiment with the help of
thermistors (Fig. 1).

A Negative Temperature Coefficient (NTC) thermistor is used in each area to
measure the temperature. Here, the bottom most part which is emerged inside the
RTC is consider as area 5 and the part where the cold junction exhibits is taken as area
1. The thermistors which are used here produce resistance change corresponding to
the changes in the temperature.

K-type thermocouples were exposed to thermocyclic oxidation tests at 1000 °C
in silicon carbide tube heater for 70 cycles. The experimental procedure includes a
heating cycle of 1 h and an air cooling period of 20 min. Initially, the furnace was
calibrated using the reference thermocouple and by multi-product calibrator (Model
No.5502A). The steps involved in the tests are as follows:

(1) Physical dimensions of the K-type thermocouple samples are measured with
the help of Venire caliper to check the validity of the dimensions.

(2) The samples are then introduced into hot zone of the heater well, which is set
at 1000 ˚C temperature.

(3) After a holding timeof 1 h in the furnace, the samples are taken out and ventilated
at ambient temperature for 20 min.

(4) Visual observations are made after the end of each cycle regarding color, luster,
or any other physical aspects of the oxide scales being formed.

(5) The samples hence collected after subjecting to oxidation are analyzed using
SEM/EDAX analysis. The reproducibility of the test procedures should be
ensured for few more samples.

Fig. 1 Schematic representation of temperature gradient a Different regions; b Measurement
system
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Fig. 2 Thermocouple
sample preparation

3.2 SEM/EDAX Sample Preparation

SEM and EDAX analyses can be executed for conductive/non-conductive/magnetic
material and the samples used for the analysis can be in powder form/pellet
form/film/biological. In this paper, pellet form is taken to analyze the degradation
of the sample. To conduct the analysis, samples are taken from both positive and
negative terminals of the thermocouple at 5 and 10 cm above from the tip of the
thermocouple as shown in Fig. 2. The sample size in SEM and EDAX is restricted
to few millimeters only. So, the sample is prepared from 500 to 700 mm. Sample
collected from tip of the thermocouple is A. Sample B is 5 cm above from tip of the
thermocouple in Positive (Chromel) terminal, Sample C is 5 cm above from tip of
the thermocouple in Negative (Alumel) terminal, Sample D is 10 cm above from tip
of the thermocouple in Positive (Chromel) terminal, and E is 10 cm above from tip
of the thermocouple in Negative (Alumel) terminal.

4 Experimental Results

The aim of the current paper is to evaluate the surface degradation of K-type thermo-
couple due to its prolonged usage at very high temperature. Nominal composition
present in normal K-type thermocouple is Chromel (Positive)—90%Ni, 10%Cr and
Alumel (Negative)—95% Ni, 2%Mn, 2% Al. Table 1 shows the presence of oxygen
component in the normal K-type thermocouple which is used for the experimental
analysis. Figure 3 shows the SEM image and the corresponding elemental analysis or
chemical characterization performed using EDAX at tip, positive and negative sides
of the thermocouple. The characterization of the elements in K-type thermocouple
is based on the basic principle that each element has a distinctive atomic structure
consenting a unique set of peak on its electromagnetic emission spectrum as follows.
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Table 1 Oxygen
composition (wt %) of
thermocouple

Position Oxygen (O2)

Sample A 10.28

Sample B 13.03

Sample C 24.37

Sample D 29.53

Sample E 45.93

Fig. 3 Surface morphology, a Sample A, b Sample B, c Sample C, d Sample D, e Sample E

This entire procedure is repeated for 7 times. After 7 times, five different samples
say A, B, C, D, and E are taken and the corresponding SEM images are obtained to
a size of 50 µm as shown in Fig. 3.

The highlights of observation from the SEM image of degraded thermocouple are
as follows:

• Sample A is highly degraded due to expose of high temperature at tip of the
thermocouple.

• Sample B and C show the broken oxide layers and severe formation of new oxide
layer due to thermocyclic oxidation. This samples being close to the tip of the
thermocouple, degradation will be faster compared to samples D and E.

• Sample D and E show mild oxide layer growth, loss of adhesion, and surface
roughening.

An elemental analysis of degraded thermocouple is conducted by using EDAX
and the results are shown in Fig. 3. EDAX represents net count of the material for
each sample with increasing accelerating voltage in the range 1 to 10 keV. Peaks
are recorded based on the characteristics of each element in the thermocouple which
is nominally sharp lines. Brehmstrahlungen (Baseline/Background) is broad and
featureless background. The major components of K-type thermocouple are Ni,
Cr and Al. During quenching, Ni formed as Nickel Oxide (NiO2), Cr formed as
Chromium Oxide (CrO2), and Al formed as Aluminum Oxide (AlO2). These oxides
form an oxide layer on the surface of the thermocouple. Due to this, the oxygen
content is increased for all samples when compared with normal thermocouple as
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seen from Table 1. Hence, it is inferred that continuous measurement at high temper-
ature followed by air quenching will result in increased oxide layer, and at certain
point, these oxide layer get brittle and again it will form a new layer.

5 Conclusion

The degradation of K-type thermocouple due to exposure of high temperature is
analyzed using SEM-EDAX test. The test results inferred that material degradation
is due to prominent oxide layer formation. As an extension of future work, the
increase in resistance due to the increased oxide layer formation and hence the life
span of the thermocouple can be determined.
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Experimental Investigation
of Solar-Based Air Heater Rectangular
Duct Having Uniform Spaced Dimple
Shaped as Roughness Element
on the Absorber Plate

P. Rajesh Kanna, M. Chandrasekaran, and M. Ravikumar

Abstract This test examination has been completed to look at the thermal perfor-
mance of the sunlight-based air heater rectangular duct with dimple form harshness
geometry on surface of the plate and plate without dimple form harshness geometry.
The thermal efficiency and outlet temperature of air are analyzed based on various
mass streams per unit time. Investigations are led for various mass stream per unit
time of air in extend (0.00528–0.01321 kg/s). Themost extreme efficiency got for the
mass stream per unit time of air is 53.22 and 39.33% for absorber plate with dimple
form and without dimple form separately. The most extreme temperature contrast
among outlet and inlet for sun-powered air heater conduit with dimple and without
dimple form is 25.2–19.8 °C.

Keywords Solar air heater · Dimple · Thermal efficiency

1 Introduction

Sun-powered vitality is an enormous endless wellspring of vitality. The power got
by the earth from the sun is 1.8 × 1011 Mega Watt, this value is ordinarily bigger
compared to the present utilization on the earth of all business vitality assets. The
energy from the sun has clean energy compared to fossil and nuclear energy and it
is free and available in all over the world. The main application of the solar-based
air heater is cloth or seeds drying and room heating.

Correlation of the four sunlight-based air collector obstructionswasfinishedby the
individual collector performance. The collector efficiency relies upon the sunlight-
based radiation, expansion of the wind stream, and surface geometry of the gath-
erers. The collector efficiency improves with expanding mass stream rates because
of upgraded heat move to the wind current [1, 2]. Then again, establishment of wings
and baffles improves heat move among absorber and air that favors increment the
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effectiveness and guaranteeing a greatest increment of temperature. More pressure
drop expands the power utilization [3]. The results of single and two-fold pass sun-
based air heater have been compared. The result shows that efficiency increased with
expanding the mass stream rate. The difference between the exit stream temperature
and atmosphere temperature�T decreases as the air mass stream rate increment [4].

Few studies have been completed on numerical performance along with entropy
generation for double pass flat plate solar-based air heater contain longitudinal fins
[5]. Fins gave better heat transfer increment in sun-based air heaters but it provides
pressure drop increment in stream channels. Consequence demonstrates heat absorp-
tion of heat and dissipation potential of a solar-based air heater improved by using
high efficiency optimized fin [6]. The experiment investigation exhibits that double
pass-finned plate solar air heater has 9.3–11.9% less proficient comparedwith double
pass v-corrugated plate oriented air heater [7].

Offset rectangular plate fin absorber plates system has been created to increase the
heat transfer compared with fully developed turbulent flow. The offset rectangular
plate is arranged above the plate surface and situated parallel to the liquid stream.
The offset rectangular plate was welded to the bottom side of the absorber plate. High
thermal performances are gotten with low friction loss and in result, low electrical
power utilization by the fan in contrast with the flat plate collector [8]. Exploratory
study has been completed for three kinds of sunlight-based air collectors, specifically
flat plate, plate contain fins, and plate contain v-corrugated sun-powered air heater
setup. The v-corrugated collector is seen as the high efficient gatherer and the flat
plate gatherer is less efficient [9]. The point of utilization of the cross-corrugated
absorbing plate and base plate was used to upgrade the turbulence and improve-
ment in heat transfer rate in the wind stream channel and these are significant to the
improvement of efficiencies of air heaters [10]. This paper demonstrated a novel sun-
powered air collector with pin fin absorber plate to upgrade the thermal efficiency
[11]. A few ponders have been done for the impact of two diverse mass stream rate
0.012 kg/second and 0.016 kg/second in collector with longitudinal fins [12]. This
article displays an examination for a novel sort of sun-powered air heater. This article
idea is to reduce the front side cover heat losses of the collector along with to augu-
ment heat extraction from the gatherer plate. Due to this idea, it is possible to preheat
the air by passed through the front glass spread before entered in to the gatherer plate.
Henceforth, this plan needs an additional setup cover to form a counter flow heat
exchanger [13]. Examinations for thermo hydraulic performance of falsely rough-
ened sun-powered air heaters have been done covering a wide scope of working
parameters. Thermal performances of such gatherers have been discovered better
than plane ones for the equivalent working parameters. Be that as it may, pressure
drop increments in such collectors [14]. Significant collector efficiency improve-
ment of sunlight-based air heaters can be acquired if the baffles in the gatherer have
appended astounds to make air disturbance and an all-inclusive heat-move territory
[15]. Examinations of the impact of geometrical parameters of multiple arc-shaped
formedharshness component onheat transfer alongwith rubbing attributes of channel
sun-based air heater having unpleasantness on the underside of the absorber plate
have been completed. Most extreme upgrade in friction factor and Nusselt number
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was 3.71 and 5.07 occasions separately when contrasted with smooth type [16]. In
this title, different examinations have been done to decide the impact of various
artificial geometries on heat transfer along with friction characteristics in air heater
ducts. Artificial roughness is best method among other methods for improving the
performance of sun-based heater duct [17]. Trial examinations state that the impact
of artificial roughness leaning on heat transfer together with rubbing attributes in
sun-based air heater channel and it has dimple molded components arranged in
curved type as harshness components on absorber plate was carried out. The friction
loss along with heat transfer increment was observed [18]. Tentatively examined the
impact of friction together with heat transfer characteristic of turbulent stream of
air going through rectangular channel which is roughened by circular protrusions
organized in precise curve design. The most extreme upgrade in Nusselt number
and friction factor is 2.89 and 2.93 occasions as contrasted and smooth conduit [19].
Tentatively explored the impact of geometrical parameters of the V-shaped perfo-
rated squares on heat transfer and stream attributes of rectangular duct. The greatest
upgrade in Nusselt and friction factor has been seen as 6.76 and 28.84 occasions
to that of smooth pipe, separately [20]. A test study has been done to research the
effective efficiency of a sunlight-based air heater channel gave transverse and slanted
ribs as artificial roughness components on the absorber plate. The most extreme esti-
mation of powerful proficiency has been found for roughness parameters comparing
to relative roughness pitch (p/e) of 8 under the scope of parameters researched [21].
A test examination demonstrates the thermal performance of flat plate and spherical
dimple plate sun-based air heater. The outcome displays that the heat transfer rate
of spherical dimple plate sun-based air heater is 1.5 times higher compared to flat
plate sun-based air heater. The spherical dimple plate air heater efficiency is 23.45%
to 35.50% more noteworthy than the relating flat plate air heater. They conducted
that test for mass stream rate from 0.009 to 0.028 kg/s [22]. Factual connections for
Nusselt number and friction factor as far as harshness and stream parameters were
determined dependent on information gathered from explore. Advanced estimation
of stream and harshness parameter yielding greatest execution is resolved. The most
extreme improvement in Nusselt number for shifting relative dimple pitch, relative
dimple depth, and relative dimple height was individually of the request for 2.6–
3.55, 1.91–3.42, 3.09–3.94 occasions and that of friction factor was of the request
for 1.62–2.79, 1.52–2.34, and 2.21–2.56 occasions over those of 1-side roughened
ones [23].

2 The Experimental Setup

A schematic and photographic perspectives on the sun-powered air heater rectan-
gular duct with dimple as harshness component on the absorber plate is appeared
in Figs. 1 and 2. In the investigation of the exploratory arrangement comprises
of rectangular pipe, absorber plate, blower, control valve, advanced thermometer,
solarimeter, computerized anemometer, PVC pipe as appeared in Fig. 1. The inward
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Fig. 1 Side view of the sun-based air heater

Fig. 2 Photographic view of sun-based air heater

cross-segment zone of the rectangular channel is having 2300 × 330 × 30 mm
according to ASHRAE standard 97–77 [16]. The rectangular duct is partitioned in to
three areas and they are inlet segment, test segment, exit segment. The length of the
inlet segment, test segment, and exit area is 680 mm, 1200 mm, and 420 mm sepa-
rately. In this investigation, twokinds of absorber plate are utilized. The absorber plate
has comprised of aluminum. The thickness of the absorber plate is 2 mm. The spread
window type, the Plexiglas thickness is 4 mm. The separation between absorber
plate and straight forward spread is 2.5 mm. Advanced thermometers are situated
equally, on the top surface of the absorber plates, at indistinguishable situations
along the course of stream, for all cases tried. Channel entrance and exit air temper-
atures are estimated by two advanced thermometers. The yield of the thermometer
is in degree Celsius estimation extend,—50–300 °C (–58–572 °F); goals, 0.1 °C;
exactness, ± 1 °C or (±2 °F). An advanced multi-stem thermometer is utilized to
quantify the surrounding temperature. The complete sun-based radiation occurrence
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on the outside of the authority was estimated with a sunlight-based power meter.
This meter is put above to the coating spread during taking readings, at a similar
plane, looking due south. The deliberate factors are recorded at interims of 1 h and
incorporate insolation, entrance and exit temperatures of the air circling through the
gatherers, encompassing ambient temperature, absorber plate temperatures at a few
chose areas, and wind stream rates (computerized anemometer Lutron AM-4201).
The test started at morning 10 o’clock and finished at evening 4 o’clock.

3 Results and Discussion

This experimental analysis work displays the consequences of the test examination
of a sun-based air warmer with and without dimple shape on the absorber plate
during January 1, 2019, to April 20, 2019, in the city of Salem in Tamil Nadu, India.
Figures 3 and 4 display the hourly fluctuation of sun intensity versus time when the
wind stream rate is (0.00528–0.01321 kg/s) for the sunlight-based air heater with and
without dimple molded surface on the absorber plate. The maximum solar radiation
is 1324W/square meter at afternoon 1 O’clock. Figures 5 and 6 display the entry and
exit temperatures of air for the diverse mass stream flow of air. The most extreme
estimation of inlet temperature, T i at 14.00 pm of local time is 36.5 and 36.6 °C for
the absorber plate with dimple shape and without dimple shape individually, which
rely upon the ecological conditions, for example, wind speed and humidity. It is seen
from Figs. 5 and 6 that the exit temperature diminishes as the mass stream rate is
increased.
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Figures 7 and 8 shows the hourly variety of temperature distinction (�T ) versus
neighbourhood time when the wind stream rate go is 0.00528–0.01321 kg/s. As
observed from Figs. 7 and 8, the temperature distinction esteems increment in the
first part of the day as the solar intensity increases, to a most extreme incentive
between 12.00 pm and 1.00 pm of neighborhood time and afterward diminishes
toward the evening as the time passes. The most noteworthy temperature contrast
esteems are 25.2 and 19.8 °C for the absorber plate with dimple formed surface and
without dimple molded surface for a similar wind current pace of 0.00528 kg/s.
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Figures 9 and 10 show the hourly variety of thermal conductivity versus time for
the distinctive wind stream rates. The effectiveness increments with the expanding
wind current rate for both absorber plates. The most extreme effectiveness got for
the absorber plate with dimple formed surface and without dimple molded surface is
53.22%and 39.93% separately for thewind streampace of 0.01321 kg/s. As observed
from Figs. 9 and 10, the effectiveness for practically every one of the cases tried is
persistently expanded from morning until night. These outcomes are like those got
from Mahmood et al. [22].
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4 Conclusion

The sunlight-based air heater with and without dimple molded on the absorber plate
is developed and tried for various mass stream pace of air. The accompanying ends
are drawn:
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1. The thermal efficiency for the sun-powered air heater with dimple shape on the
absorber plate is higher than that ofwithout dimple shape for themost noteworthy
mass stream pace of air.

2. In expansion, the temperature contrast between the inlet and outlet temperature
diminishes with expanding mass stream pace of air in between 0.00528 and
0.01321 kg/s.

3. The most extreme effectiveness got for the absorber plate with dimple formed
surface and without dimple molded surface are 53.22 and 39.93% separately for
the wind stream pace of 0.01321 kg/s.

4. Finally, these outcomes demonstrate that there is an improvement with the
utilization of dimple formed in the absorber plate.
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Investigation and Experimental Study
on Microstructure and Characterization
of Silicon Carbide Synthesized by High
Energy Ball Milling

M. Kalil Rahiman, S. Santhoshkumar, and P. Mathan Kumar

Abstract In recent years, nanopowders have been grabbed the attention in auto-
mobile and mechanical industries due to its enhanced mechanical properties such
as high strength, hardness, and ductility. In this present work, microstructure and
mechanical properties of Silicon Carbide (SiC) powder are investigated. An average
size of 20 µ SiC is ground to obtain into nanoscale in a planetary ball mill. The
powder is taken in different ball to weight ratios and milled in an argon atmosphere.
Sample collection is done for every 10 h and the rotational speed is maintained from
300 to 400 rpm. Eventually, collected samples are characterized by X-ray Diffraction
(XRD), Transmission Electron Microscope (TEM), and Energy Dispersive X-Ray
Spectroscopy (EDAX). The particle size is availed in smaller grain sizes and varied
from 101 to 21 nm after milling of powder with successive time periods.

Keywords High energy ball milling · X-Ray Diffraction (XRD) · Transmission
Electron Microscope (TEM) · Energy Dispersive X-Ray Spectroscopy (EDAX)

1 Introduction

In automobile and mechanical industries, nanomaterials exhibit superior mechanical
properties such as higher strength, hardness, and ductility. To improve themicrostruc-
ture and mechanical properties of nanomaterials, high energy ball milling is used for
the production of micron-sized powder into nano-sized powder [1, 2]. Metal matrix
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composites are also the combination materials and it proves superior mechanical
properties in many engineering fields. In industries, several fabrication methods are
utilized for the production of nanopowders in which high energy ball milling is an
important technique to fabricate nanopowders [3, 4].

To achieve high strength, hardness and ductility in nanopowders, various tech-
niques are developed to reduce the size of the powder from micron-sized into nano-
sized and accordingly improve its mechanical properties. High energy ball milling,
rapid solidification, electro-deposition, plasma processing, vapour deposition are
significant techniques for the production of nanomaterial and among these tech-
niques, high energy ball milling technique is very popular for the fabrication of
nanomaterials.

Grain size or particle size plays a vital role in nanomaterials. High energy ball
milling produces micron-size particles with Nanocrystalline powders or nano-sized
grains.Milling impact energy created by the specially designed high energy planetary
ball mill due to the collision of the balls with the powder charge is sufficient to plasti-
cally deform the powder particles and, in so doing, to develop refinedmicrostructures
with enhanced properties [5, 6].

In metal cutting industries, chips being generated during machining process are
utilized for the production of nanopowders. Silicon Carbide powder with Aluminum
or Copper-based alloys are prepared for composition and milled by high-energy ball
mill technique. By using the technique, low strength alloy to high strength alloy is
possible at low cost [7, 8]. However, parameters such as types of mills, time, speed
and atmosphere are the important variables for the fabrication process.

By recent literature surveys, few researchers made an attempt for the analysis of
SiC and characterization using high energy ball milling method. In this research
article, Silicon Carbide with micron-sized particle is taken into nano-structured
silicon carbide using high-energy ball mill and analysis of microstructure and
characterization is also studied.

2 Synthesis of SiC

Nanomaterials such as Silicon Carbide are synthesized either by the combination of
nanomaterial or fracturing the nanomaterial from larger size into smaller size. For the
production of nanomaterials, inert gas condensation and ultra high vacuum methods
are deployed to improve the mechanical properties of nanomaterials [9, 10].

In recent years, Mechanical alloying is the most popular technique for processing
metal powders. In this technique, metal powders are mixed to produce superalloys
and two steps are followed for the production of powders. In the first step, alloys and
powders are mixed in a certain ratio and in the second step, powder and alloy are
ground in the mill to produce a nano-sized powder. During the operation of the mill,
the powder and its compositions are mixed and eventually fine grain size particles
are produced due to repetitive welding, fracturing [11, 12].
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3 High Energy Ball Milling

3.1 Principle

High Energy Ball Milling is a technique for the production of nanopowder particles
and alloys. For the production of Silicon Carbide powder, steel or tungsten carbide
balls are repeatedly used for the deformation, cold welding and fracturing between
the particles inside the vial. Due to plastic deformation in the mill, the internal
structure of Silicon Carbide is reshaped from micron-sized particle into nano-sized
particle. For grinding Silicon Carbide, Tungsten Carbide balls are used inside the
vial during the operation of the mill and the powder sample is accordingly ground
due to deformation.

4 Methodology

In this research work, an attempt has been made to grind silicon carbide with an
average size of 20µ and these powders are characterized byX-rayDiffraction, Trans-
mission Electron Microscope (TEM) and Energy Dispersive X Ray Spectrometer
(EDS) as shown in Fig. 1.

5 Experimental Work

For the production of silicon carbide nano-sized powder, the planetary ball mill is
used which consists of ten numbers of 20 mm diameter balls in a 120 ml vial and
hardened stainless steel is used as ball material. In high energy ball milling, the
bowl rotation speed is maintained at approximately 300–400 rpm. An average size
of 20µ Silicon Carbide powder is chosen for themilling process andmilling speed of
300–400 rpm is maintained for the production of Silicon Carbide frommicron-Sized
particle to nano-sized particle [13, 14].

For reducing oxidation in the milling environment during the milling process,
argon gas is supplied in the milling area and glove box is used to handle all samples.
The milling time for grinding Silicon Carbide powder is maintained up to 60 h and
sample collection is done for every 10, 20, 30, 40, 50, 60 h.
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Fig. 1 Methodology

5.1 Parameters for Milling Process

Milling parameters such as speed, time, ball weight, powder weight and ball to
powder weight ratio are the important parameters for the analysis of microstructure
and characterization of Silicon Carbide.

In High Energy Ball Milling, the ball mill is allowed to rotate for about 60 h.
During milling process, the SiC powder is agglomerated which is caused due to the
ball impaction and the heat generated inside the planetary milling machine [15, 16].

5.2 Sample Collections

Silicon Carbide powders are collected from the planetary ball mill in every 10 h of
milling and milling speed, for the process is 300–400 rpm. The average size of 20 µ
is chosen for milling process [17–19]. The following Figs. 3a–g depict the collection
of powders in successive time periods (Fig. 2).
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Fig. 2 Sample collections for a 10 h, b 20 h, c 30 h, d 40 h, e 50 h, f 60 h

The collected Silicon Carbide powders are further characterized byX-rayDiffrac-
tion, Transmission Electron Microscope (TEM) and Energy Dispersive X-Ray
Spectrometer (EDS).

6 X-Ray Diffraction (XRD)

The grain size of Silicon Carbide powder is analyzed by X-Ray Diffraction or XRD
and it is an important tool to find the size of grain and distortion. By using this
method, X-ray is produced and the texture is analyzed by diffraction. Bragg’s law is
applied to find the grain size of the silicon carbide powder after the synthesis process.

By using theXRD analysis, broadened peaks are obtainedwhen the grain sizes are
in the nanometre, and the smaller the grain size, the broader the peak is obtained. To
find the exact crystalline size of Silicon Carbide powder, Scherer equation is applied
and It is used to find the size of the nanograins from the synthesized silicon carbide
powders [20, 21]. It is based on Wolf–Bragg angle which results in size broadening
of X-ray peaks.

The XRD analysis of silicon carbide samples collected from 10, 20, 30, 40, 50,
60 h are shown inFig. 4a–f.X-ray diffractometer is used for calculating the crystalline
size of the powder. XRD graph is generated with various peaks. By calculating the
width of the peak, the crystalline size is calculated using Scherrer’s formula. By
using this method, the average size of 21 nm is found in XRD analysis [22, 23].
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Fig. 3 XRD analysis for a 10 h, b 20 h, c 30 h, d 40 h, e 50 h and f 60 h
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Fig. 4 TEM images of SiC for a 10 h, b 20 h, c 30 h,d 40 h,e 50 h and f 60 h

7 Transmission Electron Microscope (TEM)

TransmissionElectronMicroscope (TEM) is a largelymagnified image by using light
to form an image. The path of the electron is vertical in Vacuum of the microscope
which travels into the lenses. It focuses on the sample at the bottomof themicroscope.
After the penetration of X-ray in the sample, electrons and X-rays are escaped from
the sample [24, 25]. The beam of electrons is interfacing with the atoms of molecule
with one another. The nano-sized powder is more precise and the unique size is
attained after the successive time periods. The size of silicon carbide powder is also
decreased from 101 nm as the time of milling is increased in TEM analysis.

From Fig. 4a–f, an unique and oval-shaped structure is found in successive time
periods and the SiC powder is further analyzed by EDAX (Energy Dispersive X-Ray
Spectroscopy).

Lattice strains and defects in crystals are unavoidable during the milling process.
However, lattice strain is developed during the process [26, 27]. Due to fracturing
and cold welding process during the operation of milling process, the structural
changes such as lattice strain and defects in crystals occur. It is occurred due to phase
transformation and the grain size is compared with frequency to find the exactness
of SiC powder [28, 29] (Fig. 5).

8 EDAX (Energy Dispersive X-Ray Spectroscopy)

Energy Dispersive X-ray Spectroscopy is a technique is to identify the elements in
silicon carbide powder or nanomaterials. In EDAX analysis, high beam electron is
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Fig. 5 Grain size analysis

Fig. 6 EDAX analysis

produced to bombard on the Specimen where SiC powder is placed and the compo-
sition of powder is analyzed by EDAX. By this analysis, the presence of Si, Cl, Fe,
Cu are found and the highest peak in Fig. 6 confirms the presence of silicon carbide
and other peaks represent Cl, Fe, Cu, WC [30, 31].

In Fig. 6, as the milling time increases during the operation of milling process,
the crystallite size decreases in successive time periods.

9 Conclusions

In past decades, researchers are carried out with alloys and silicon carbide powder
using different percentage such as 15, 20 and 25%. In this research article, silicon
carbide powder is only used to modify the micron-sized powder into nano-sized
powder and it is observed that the average crystal size of 21 nm is found by X-ray
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Table 1 Milling parameters

S. No. Speed (rpm) Maximum time (h) Ball to powder ratio Sample collection

1 300 10 15:1 Every 10 h

2 320 20 15:1

3 340 30 20:1

4 360 40 20:1

5 380 50 25:1

6 400 60 25:1

diffraction method. By using this method, the size of the silicon carbide is success-
fully reduced as the milling time of SiC is increased and the complete silicon carbide
phase formation is identified after 50 and 60 h milling by the comparison of the peak
heights. In TEM analysis, unique structure and oval shape of silicon carbide powder
is formed after successive time periods such as 10, 20, 30,40,50,60 h and EDAX
reveals the presence of silicon carbide with maximum range and other elements such
as Cl, Fe, Cu, WC are also distributed in silicon carbide powder. In mechanical,
automobile and electronic industries, silicon carbide and its materials are employed
because of its thermal andmechanical properties but nano-sized silicon carbide is not
applied due to its processing techniques. Since high energy ball milling is a low-cost
technique, it is recommended to deploy in industries to improve the mechanical and
thermal properties of materials.
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Abstract The highly efficient three-phase into five-phase impedance source matrix
converters used by gallium nitride (Ga-N) bidirectional switches with high-current
and high-breakdown voltage are validated. The dual-gate Ga-N switches act as a
single device bidirectional switch; whereas, a traditional bidirectional switch is made
up of four modules with two insulated-gate bipolar transistors (IGBTs) and two
diodes. Improving system efficiency including the implementation of the insulated
gate allows small on-state opposition with secure, current collapse-free operation.
The manufactured switches having the capabilities of breakdown voltage of 1340 V
and the peak drain current exceeds 100 A are used to develop a three-phase to five-
phase impedance source matrix converter which displays amaximum transformation
effectiveness of 98% at 1 kW amount produced power with the expectancy that
the high-current device can achieve a maximum output power of 10 kW or more.
Furthermore, theGa-Nbidirectional switches are likewise free for current conduction
commencing voltage balances so that the Ga-N-based matrix converter allows for
unimportant size and extremely efficient AC/AC power transformation. So this paper
presented the performance of highly efficient three-phase into five-phase impedance
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1 Introduction

Matrix converters were probable to be the most resourceful AC/AC power trans-
formation topology since single-stage renovation could decrease various operating
sufferers in conventional AC/DC/AC double-stage translation. The utmost serious
module in a matrix converter is a bidirectional switch made up of two insulated-
gate bipolar transistors (IGBTs) and fast recovery diodes (FRDs) series and anti-
parallel connection [1]. The whole dimension of the manifold devices is larger in the
conventional bidirectional switch, as well as the forward and reverse conductions are
affected by the on-state voltage compensation. These drawbacks are the consequence
in reducing the size of the system and the operating loss [2].

The bidirectional switch based on gallium nitride (Ga-N) with double gates was
planned as a feasible answer to the aforementioned problems.At very compactmatrix
converters, monolithic addition of manifold bidirectional adjustments packed with
sequestered gate motorists has also been projected [3]. However, in a small chip,
the expedient can only grip low power so that the attainable productivity control
remains low and the combined expedient is not suitable for everyday use [4]. In this
broadside, highly effective action of three-phase to five-phase (3 × 5) impedance
source matrix converters is established by means of Ga-N bidirectional alterations
with the extraordinary extreme drain current (Imax) of 100 A and the interruption
voltage of 1340 V. The on-state opposition (Ron) is concentrated miserable to 42 m�.
The Ga-N-based matrix converter can reach the productivity influence over 10 kW
or more by the high-current device and thus very capable of forthcoming compacted
and highly well-organized AC/AC power renovation systems [5].

2 Ga-N-Based Bidirectional Switch Characteristics

Figure 1 shows the path illustration of a 3 × 5 impedance source matrix converter
in which fifteen bidirectional adjustments are used. The comprehensive formation
of the apparatuses for a bidirectional modification is also exposed in Fig. 2. Just
unique single Ga-N scheme with dual entries allows the bidirectional switch, while
the traditional one requires a maximum of four expedients with two IGBTs and two
FRDs [6]. Figure 3 displays the fabricated Ga-N bidirectional switch’s schematic
cross section. In order to condense on-state resistance and beginning voltage variance
over the broad wafer, settled gates created by p-Ga-N/i-Al-Ga-N regrowth method
are implemented [7].

Figure 2 displays the Ga-N switch’s current–voltage (I-V) characteristics for three
gate bias situations [8]. The three I-V curvatures are the operating modes essential
for three different matrix converters. The Ron is condensed down to 42 m� organized
with the Imax of 100 A as revealed in Fig. 4. The interruption voltage is enlarged to
1340 V by growing the buffer depth on Si substrate as exposed in Fig. 4.
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Fig. 1 Circuit diagram of 3 × 5 matrix converter with fifteen bidirectional switches

Fig. 2 Arrangements and
I-V appearances of Ga-N and
IGBT built bidirectional
switches

The interruption voltage here is completely augmented to withstand the amplified
input voltage besides the unwanted overvoltage induced by the inductive consign-
ment action between the terminals. Adjustment operation as if a diode with opposite
obstructive volume is mandatory as portion of the switching arrangement as exposed
in Fig. 4. It is likewise well known that the current breakdown in which the Ron is
enlarged after in height operating voltage is completely eradicated by improving the
system structure and storage in the manufactured Ga-N switch [8].
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Fig. 3 Representation cross
sections of Ga-N
bidirectional adjustment with
dual-gate construction

Fig. 4 Regulator arrangements of current commutation for Ga-N bidirectional switches

3 High-Power Ga-N 3 × 5 Impedance Source Matrix
Converter

The switching arrangement of the gate controller must be judiciously considered
to avoid the unwanted open/short circuits between the switches in that Ga-N 3
ambient matrix converter [10]. The current Ga-Nmatrix converter switching strategy
is brief in Fig. 4. For a single-phase output, three modifications are a sole set, where
first one switch requests to be on. To switch the on-state alteration to the further,
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antithesis diode spoiling mode must be introduced as revealed in Fig. 4. As exposed
in Fig. 4 rotating on solitary, a single gateway of theGa-N switch permits the contrary
obstructive diode manner that is desirable for the commutation [11].

Instantaneous turn-on and turn-off for together Ga-N bidirectional switch gates
allow for both on-state and off-state strategies. As a consequence, the switching
approach is applied by location gate control arrangements with a 1 μs switching
step. Figure 5 shows a picture of the control pulse generated for impedance source
matrix converter Ga-N 3, where fifteen sets of bidirectional Ga-N changes and gate
pouring circuits are riding on a single-circuit board. For the impedance source matrix
converter, a three-phase, 230 V, 50 Hz AC voltage is smeared. Matrix converter
connected to resistive and inductive (RL) loads of 5.5–45.5 mH and 1.2 mH, respec-
tively, with production frequencies and exporter frequencies of 50 Hz and 10 kHz
[9–11].
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4 Hardware Implementation and Output Discussion

Figure 4 summarizes the functioning waveforms, calculated functioning productivi-
ties and sufferers for different productivity power.Here, at the productivity supremacy
of 1 kW, the peak conversion efficiency exceeds 98%, which is expressively
developed than that of the IGBT-based matrix converter [12].

Figure 5 shows gating pulse generation for 3 × 5 impedance source matrix
converter.

Dn1 = MAX(VA, VB, VC ) − V ∗
on

� + δ(MID(VA, VB, VC ) − MIN(VA, VB, VC ))
(1)

Dn2 = δ.� + (MID(VA, VB, VC ) − V ∗
on)

δ.� + (MID(VA, VB, VC ) − MIN(VA, VB, VC ))
(2)

Equations 1 and 2 are used to generate the duty ration and pulses for matrix
converter. Figure 6 represents hardware implementation model for proposed 3 × 5
impedance source matrix converter. It shows all the basic components required to
develop the prototype model of 3 × 5 impedance source matrix converter [13].

Figure 7 shows the three-phase input given to the 3 × 5 impedance source matrix
converter. The magnitude voltage of 100 V is set in the input side. Figure 8 shows the
five-phase output getting from the output stations of the 3× 5 impedance foundation
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Fig. 7 Three-phase input given to the 3 × 5 impedance source matrix converter

Fig. 8 Five-phase output getting from the output terminals

matrix converter. The production voltage is approximately 270 V with modulation
index of 0.866. Figure 9 shows the shoot through signals generation for 3 × 5
impedance source matrix converter [14].

Figures 10 and 11 display the thorough operating loss study for both matrix
converters based on Ga-N and IGBT. The resulting functioning loss is decreased by
nearly partial in the IGBT-based Ga-N-based matrix converter, where the conductive
loss is melodramatically abridged by increasing on-state confrontation and elimi-
nating onward voltage counterbalance fromGa-Ncampaigns [15].While the engaged
Ga-N adjustments with the Ron of 42 m�, the Imax of 100A and the collapse voltage
of 1340 V would establish the 3 × 5 matrix converter with advanced productivity
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Fig. 9 Shoot through signals generation for 3 × 5 impedance source matrix converter

Fig. 10 Restrained
adaptation efficacies and
sufferers for various output
power

power in the choice of 10 kW or more, the dimensions are just up to 2 kW since of
the restraint of the quantity setup [16, 17].
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Fig. 11 Comprehensive
analysis of the functioning
loss for Ga-N-based and
IGBT-based matrix
converters at the productivity
supremacy of 2 kW

5 Conclusions

This paper demonstrates the effective process of 3 × 5 impedance source matrix
converters using Ga-N bidirectional adjustments. The Ga-N difference with dual
entries allows bidirectional procedure with low R in conjunction with converse
hindering diodemethod operation. By improving the device structure and processing,
the Imax influences 100 A organized with the interruption voltage of 1340 V. The
manufactured matrix converter Ga-N 3 befits the maximum operational proficiency
at 1 kW productivity supremacy of 98 percent. The high-current Ga-N adjustments
are capable of achieving extraordinary productivity power in the 10kWassortment, of
which the untried authorization remainders as a forthcomingwork. This specifies that
for compressed and effectual AC/AC power adaptation, Ga-N bidirectional switches
are very promising. This paper presented the performance of highly efficient three-
phase into five-phase impedance source matrix converters used by gallium nitride
(Ga-N) bidirectional switches with high-current and high-breakdown voltages.
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Design Implementation and Evaluation
of Password Protected Circuit Breaker
for Reliable Power System Protection
and Maintenance

S. Manivannan, S. Sudhahar, G. M. Oorappan, K. Rajalashmi,
and N. Saravanakumar

Abstract Password-based circuit breaker is a blueprint that empowers us in control-
ling the electrical lines with the help of password. This project gives this problem
to ensure line safety. In this project, the schedule is done along these lines that the
lineman is free to control the electrical line by entering the password to ON/OFF the
electrical line. To achieve this, we have made use of PIC16F877A microcontroller.
This microcontroller is one of the most eminent microcontrollers because of its flash
memory technology which makes the write–erase process done as many times as
possible. Also this plays a major role in digital electronic circuits. To develop the
password-based circuit breaker to reduce the number of accidents to linemen in their
working field, lineman has to do the task by turning ON/OFF.

Keywords Circuit breaker ·Microcontroller · Lineman · Digital circuits ·
Password · Digital electronics

1 Introduction

The major challenge faced by the electric board is the increasing accident rates at
level crosses. Due to increase in fatal death of lineman working in electric area, we
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have one up with this idea [1]. This project does not allow to control the circuit to
be located in the working field ensuring to minimize the fatal accidents occurring
with the linemen in the working field. The system’s control will be provided only to
the linemen working on that area in his substation. To develop the password-based
circuit breaker to reduce the number of accidents to linemen in their working field
[2], lineman has to do the task by turning ON/OFF the loads with the help of a
password. Since the control of the switches is in the hand of the linemen itself, there
is no chance of accidents occurring. The main aim is to develop the password-based
circuit breaker to reduce the number of accidents to linemen in their working field.
Lineman has to do the task by turning ON/OFF the loads with the help of a password
[3, 4].

2 Components Requirements for Reliable Power System
Protection

2.1 IC16F877A Controller

PIC16F877A is an advanced controller produced by microchip technology. Its
maximum operating frequency is 20 Hz, and the data memory is of 368 bytes. The
ascendancy of this controller is that it uses flash memory technology that it can be
readable and writable as many times as possible [5]. Pin configurations have total
of 40 pin which includes 33 I/O pins. This controller is widely used because of its
availability, cost efficiency, and quality.

2.2 877A Baseboard

The PIC16F877A baseboard is used to assess and reveal the capability of microchip
microcontroller. This board is developed for general-purpose applications and to
exercise variety of microcontroller peripherals [6]. The MCU socket on the board
proffer supports for 40 pin DIP package of PIC16F877A controller. It is used for
training and development purpose. It is designed to facilitate on-board programmer
for PIC controller through ISP on universal serial port. The bridge rectifier in it
permits this board to be powered with both AC and DC power supply adapters. Reset
switches, user switches for input and output and port extension for all five ports [7].
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Fig. 1 Keypad for input

2.3 Keypad (4 * 3)

Keypads are required to take user inputs to perform specific functions as shown in
Fig. 1. Pads mostly containing numbers are called a numeric keypad. Many devices
follow the standard for their arrangement [8].

A matrix keyboard contains set of switches and push buttons which are placed as
rows and columns in the form of a matrix. The interfacing of matrix keypad is quite
simple as they can be connected in many ways, but the only thing is that the rows are
inputs and the columns are outputs. So, it is acceptable to read which key is pressed,
and the column is made low one by one and then to read the columns.

2.4 LCD Display

The technology of LCD is used for displays in notebook and other smaller digital
electronic applications as shown in Fig. 2. Through technologies like LEDs and gas
plasma, LCDs allow displays to be much slimmer than technology of cathode ray
tube [9]. Power required by LCDs is much less than light-emitting diode and displays
of gas display since the working principles based on the blocking of light rather than
dissipating it.
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Fig. 2 LCD display for
indicating position of circuit
breakers

Fig. 3 Relay board for
executing operation

2.5 Relay Board

A relay is an electrical switch shown in Fig. 3. Generally, these terms are used for
cables using a power plug to make a connection with an alternating current of single-
phase power source at the line voltage of local area. A zip cord is a weightless, not
grounded, two wire which is insulated singly is a cord needed for small loads such
as a floor or table light [10]. Sets of cord are separable from both the power supply
and the electrical equipment and comprise a cord which is flexible with electrical
connectors at the ends, one female, and one male. Finally, one end of the cord set is
attached to a molded electrical plug.

2.6 Power Supply Board

The first performance of an influence is provided to convert electrical phenomenon
from a supply to the right voltage, current, and frequency to power the load. As
a result, power providers are typically remarked as power converters. Some power
provides are separate stand-alone items of kit; whereas, others are designed into
the load appliances that the power completely different functions and that power
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Fig. 4 Power cord for
providing power supplies to
the relay circuits

provided may perform embody limiting this drawn by the load to safe levels, move
off this inside the event of academic degree electrical fault, power learning to forestall
electronic noise. A zip cord is a weightless, not grounded, twowirewhich is insulated
singly and is a cord needed for small loads such as a floor or table light [11].

2.7 Power Cord

A mains cable or power cords an electrical wire that connects temporarily the mains
electricity supply to an appliance through a wall sockets shown in Fig. 4. Generally,
these terms are used for cables using a power plug to make connection with an
alternating current of single-phase power source at the line voltage of local area [12].
A zip cord is a weightless, not grounded, two wire which is insulated singly and is a
cord needed for small loads such as a floor or table light. Sets of cord are separable
from both the power supply and the electrical equipment and comprise a cord which
is flexible with electrical connectors at the ends, one female, and one male. Finally,
one end of the cord set is attached to a molded electrical plug.

2.8 Insulation Tape

Electrical tape or insulating tape may be a sort of pressure-sensitive tape accus-
tomed insulates electrical wires and alternative materials that conduct electricity. It
is manufactured from several plastics; however, vinyl is most well-liked, because it
stretches well and provides a good and long-lasting insulation. Electrical tape for
sophistication of H insulation is formed of covering material [13].

2.9 Connecting Wires

Connecting wires permit associate electrical current to travel from one purpose on
a circuit to a different as a result of electricity wants a medium through that it will
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Fig. 5 Power supply

move. Most of the connecting wires area unit is created from copper or aluminum.
Copper is an affordable and smart physical phenomenon. Rather than the copper, we
will additionally use silver that has high physical phenomenon; however, it is too
pricey to use [14].

2.10 MikroC PRO

MikroC PRO for PIC compiler coding—the software MikroC PRO for PIC is an
advanced powerful tool for designing PIC programs, and it provides the programmer
to develop easier and possible ways to develop many applications. It is used in
various applications in C and also in other languages due to its efficiency and easier
programming capability [15].

2.11 Power Supply

Microcontroller requires +5 V supply for its working as shown in Fig. 5. This is
derived from 9 V transformer. 9 V transformer is connected to diode rectifier circuit,
after converting AC to DC by using rectifier is 9 V DC is regulated to+5 V by using
voltage regulator 7805. This +5 V supply is applied to microcontroller [16].

3 Working Password Protected Circuit Breaker
for Reliable Power System Protection

Now let us see however the password protected circuit breaker works as shown in
Fig. 6. First, once the ability is turned ON, the digital display displays a welcome
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Fig. 6 Blockdiagram representation of passwordprotected circuit breaker for reliable power system
protection

screen and so asks you to enter the positive identification to unlock it. In our case,
the positive identification is fastened, i.e., 1234. By mistreatment of the input device,
positive identification is imputed, and as we tend to sort it the positive identification
is seen on the digital display. If the incorrect positive identification is entered, it will
show a wrong positive identification message and raise you to enter it once more.

When the right secret is entered, main screen of the breaker is opened. Currently,
the standing of the four hundreds connected to the microcontroller square measure
is shown on the alphanumeric display as N for on and F for off. By the assistance
of the keyboard, after you press the specified button, the output goes to portal and
activates the relay driver IC that successively switches the magnetic relay and so the
load activates [17].

The applications are password-based electrical appliance control which can also
be made using this. It can work on a single password. The password to operate can be
changed. No other person can access the password is given into a system other than
the person who had changed it as shown in Fig. 7. The advantages are it is a double
fault protection, manually, it is a switchable mode, built in safety features to prevent
spark ignition, very much effective and compact in nature. The disadvantages are
harder and more costly to obtain high short-circuit interrupting capacities.

4 Result and Discussion

Refer the Annexure diagram, initialize all the inputs that are required to make the
decision for protecting the human in theworking place. Read the inputs and password
from the input data logger. If the password is correct, then the control signals are
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Fig. 7 Flowchart

generated by the controller to operate the machine; otherwise, it once again reads
the data and weight for the responses. Liken using this setup, the unwanted human
error gets eradicated and system will run in smooth manner.

5 Conclusion

Security is the prime concern in our day-to-day life. Everybody desires to be the
maximum amount as secure as potential. Thismethod provides a brand new approach
to secure the lifetime of a lineman. The word to work is often modified, and systems
are often operated with efficiency with the modified word. No different person will
close the circuit breaker once the changed password is given in the system apart
from the one who had changed it. It provides no scope of password hacking. It
provides safety to the lineman. This can be made more secured using EPROM in
further development of the project. Electronic circuit breaker can be developed by
interfacing it with GSM module and controlling via SMS.
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Annexure
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Surface Texturing in Piston Ring
Cylinder Liner Pair for Friction
Reduction: A Review

S. Prakash, C. Sasikumar, S. Aravind, V. Mohan Prasath,
and C. Udhayakumar

Abstract In most of the internal combustion engines (IC Engines) to increasing the
efficiency, engineers are concerned with reducing the friction. As one of the options,
when it comes to reducing engine friction power losses, piston ring cylinder liner
(PRCL) assembly offers great potential. The texturing on the periphery has a main
role in the PRCL to increases tribological performances. This paper covers the review
of piston top compression ring and cylinder liners surface texturing about analytical
and also the experimental work.

Keywords IC engine · Surface texturing · Cylinder liner · Piston ring · Engine
friction

1 Introduction

The lubrication film thickness is very thin when the machine parts operate under
boundary lubricating condition. When the thickness of the lubrication is minimum
it will lead to dry contact or metal to metal contact. It also increases the friction
losses in the engines [1]. In all type of IC Engines, 50% of the power loss occurs
between cylinder liner and piston compression ring pair [2] and especially piston
ring and cylinder liner pair consists of 5% of fuel consumption [3]. Now a day’s
many researchers focus on using surface texturing on cylinder liner and piston ring
to improve the thickness of the lubrication system and introducing hydrodynamic
lubrication to reduce the friction power loss in IC Engine.

References [4–6], reported the effect of texturing, the research people investigated
the effect of dimples and perfect geometric arrangement for the surface texturing,
analytically and experimentally, for the water-lubricated sealing ring applications.
The load-carrying capacity of bearing is increased because of surface texturing and
surface texturing in the solids modified frictional properties and reduces wear rate.
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Shinkarenko et al. [7] develops a model to experimentally analyze the laser surface
texturing (LST) for hydrodynamic lubrication. In the result, the aspect ratio is varied
from 0.02 to 0.1 and they suggest suitable dimple density 3. Etsion and Sher [8]
investigated and develops partial laser surface texturing on the top of piston ring. They
found partial laser surface texturing piston ring reduces the fuel consumption upto 4%
while comparing with the ordinary piston rings. Zhou et al. [9] created the theoretical
model for finding the suitable parameters of cylinder liner for surface texturing. They
suggested that suitable depth over diameter ratio is 0.1 at any operating condition.
Kim et al. [10] experimentally investigated the effects of frictional behavior of brittle
material like cast iron surfaces with surface texturing effects. And they found that
dimple depth varies to diameter ratio 0.14 for the lower coefficient of friction than
comparing with a depth over diameter ratio 0.3 and there are fewer researches in
surface texturing about suitable designing model for piston ring and cylinder liner
pairs [9, 10].

However, a small observation has been given to the working condition in piston
compression ring and cylinder liner pair. The main aim of the present paper work is
to summarize the analytical and experimental work of surface texturing which is the
effect on the frictional behavior and friction reduction.

2 Background

2.1 Virtual Texturing

Identify the influential parameters of surface roughness by virtual texturing [11]. To
analyze the texturing parameter like density, depth, diameter between the dimples
or groves for the fine surface (average skewness Rsk = 0.24, surface roughness Ra

= 0.05 µm, kurtosis Rku = 3.1) values are altered, artificially forming indents. The
virtually textured profiles are investigated with NIST SMATS soft gauge apparatus
[12] and the surface roughness parameters were calculated for different geometries
and different shape of textures.

2.2 Surface Texturing

Surface texturing is creating a defined surface features like dimples or grooves in
the surfaces. Recently laser is used for creating surface texturing. By Laser surface
texturing (LST) method we can make a surface texturing in different depth and
different diameters. In contrast to surface textures, parameters like surface rough-
ness is considered randomly and not characterized [13]. Surface texturing is used
to increase the load-carrying capacity of the piston and improves the tribological
behavior of top piston ring and cylinder liner pair.
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3 Modeling of Surface Texture

3.1 Surface Texturing in Piston

Kligerman et al. [14] investigated in the top piston ringwith a partial surface texturing.
Figure 1 shows the piston ring with Laser surface texturing partially in the mid
position of piston ring. Texturing can create in the entire position of the piston ring
as shown in Fig. 2. HereW* is the width of the piston ring and B is the textured zone
axial length, x is the cylinder liner’s axial direction, and z is piston ring circumferential
direction. Partial LST segment is in Fig. 2. The texturing is distributed uniformly in
the piston ring, Fig. 1a with a strip bp, area density Sp and piston ring actual width
W*. Every dimple is designed symmetrically about its axis spherical with a radius
rp and sides of square cell is 2r1 × 2r1 in Fig. 1b.

ρhr
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Fig. 1 a A textured surface
model [14]. b A single
dimple [14]
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Fig. 2 Cylinder liner and
piston ring [14]

where h represents the instantaneous local oil film thickness value, p is the instanta-
neous local hydrodynamic pressure, ρ is piston ring density and hr is height. pe and
ph are represents the total external pressure and instantaneous average hydrodynamic
pressure values [15].

Tomanik [16] analyses the surface texturing on the top piston ring and cylinder
bore and also partially on oil ring by using the simple mixed lubrication model.
Comparison of flat shaped and barrel textured piston ring by reciprocating tests
and engine operating conditions. Etsion and Sher [8] investigated experimentally
by using a compression-ignition IC engine test bench as in Fig. 3. And they used
partial textured ring and also measured composition of exhaust gases. A 2500 cm3

naturally-aspirated four-cylinder Ford Transit Diesel engine without the exhaust gas
retreatment with the surface textured piston ring and texturing was done on the top
piston ring. The total engine was run 1800 h. And also the fuel consumption is
measured periodically by a fuel container.

The composition of exhaust gas emissions was analyzed for HC, CO, O2, CO2

and NOx with the help of SUN DGA-1000 device, and the engine smoke level
was measured with the help of SUN DG8000 smoke-measuring device in opacity
percentages [8]. References [10, 17] were used a pin-on-disk tribometer for friction
tests. The strain gauges attached in the holder to measure frictional force [17].

Usman and Park [18] studied asymmetric piston ring and liner contact of textured
piston ring. Solved 2D Reynolds equation with continuity equation, cavitation algo-
rithm, and asperity interaction in the mixed lubrication, variable ring conformability,
axial ring dynamics are also considered [18]. A simplified analytical 1D model of
load-carrying capacity and the pressure distribution is used to analyze the load-
carrying capacity of piston and ring with large radius of curvature and also a ring
with a small radius is considered [19].
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Fig. 3 Engine test bench picture [8]

3.2 Surface Texturing in Cylinder Liner

Guo et al. [20] investigated experimentally on a diesel engine setup. Created surface
texturing (Dimples andgrooves) on the cylinder liner fine surfaceswith a twodifferent
diameters and different width of grooves shown in Fig. 4. Grabon et al [21] studied
experimentally using reciprocating tester about the performance of honed cylinder
liner surface by burnishing technique. The tribo system has stationary sample made

Fig. 4 Three types of cylinder liner [20]
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Fig. 5 Tribological tester
[21]

by piston ring and cylinder liner performs reciprocatingmotion. Crankshaft assembly
is used for changing the rotating movement into reciprocating movement [21].

V-belt transmission is driven by the electric motor with the transmission ratio
of 1:2 was transmitted to crankshaft. Three average sliding speed is considered for
friction test is shown in Fig. 5 and the average sliding speed as follows 0.44, 0.66
and 0.88 m/s [21]. Surface topography was done by the white light interferometer
Talysurf CCI Lite and the height resolution is about 0.01 nm because wear sample
was within the limit of original surface topography [21].

Noutary et al. [22] developed 2D analytical model of grooves with hatches and
the result was compared with 1D analytical model. Author used code of multigrid
[23] to solve the lubricating equation for the contact of cylinder liner–piston ring and
compared analytical result with [19] one dimension model.

4 Result and Discussion

4.1 Surface Texturing in Piston Ring

Surface texturing can be measured from friction measurements. And the need for
parametric analysis is to find the suitable parameters of surface texturing and also
to analyze the engine operating conditions. Reference [14] suggested that optimum
value dimensionless textured portion (γ ) of the piston ring is 0.6.

Dimple diameter is not affecting the average friction force. The average friction
force is decreasing when the increasing dimple density [14]. Minimum average fric-
tion force is less in partially textured piston ring compared to optimum fully textured
ring [14]. Figure 6 shows the 30% of average friction force reduces in the narrow
rings and 55% of average friction force reduces in the wide rings [14]. Tomanik [16]
Investigation results show that higher oil film at the middle stroke and the reversal
of piston because of hydrodynamic pressure generated in the micro dimples shown
in Fig. 7. Because of high computational work for discretization the researcher was
not considered full stroke of LST.
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Fig. 6 Dimensionless friction force (Ff) versus Dimensionless dimple depth [14]

Fig. 7 Minimum oil film
thickness versus crank angle
[16]

LST on cylinder bore can easily generate the hydrodynamic support in the thin
and oil compression ring lands and also reduce the wear, friction. Negligible effect
by the barrel profile top ring of cylinder bore Laser surface texturing [16]. Dimple
geometries like dimple diameter are about 100µmand dimple depth is 10µmcannot
be applied on the oil control ring but small geometries LST can be applied on oil
control ring. Partial LST can produce about 50% hydrodynamic support in top dead
center and nearly 90% hydrodynamic support at middle stroke [16].

Etsion and Sher [8] used Cr-coated barrel-shaped untextured ring for the refer-
ence and the two different LST piston rings. Theoretical modeling suggested that
optimum laser texturing parameters which gives the minimum friction. Laser is
used for creating surface texturing and the LST texturing was not given significant
changes in the engine emissions [8]. The changes of exhaust emissions were within
the range of 2–5%. Figure 7 shows that fuel consumption reduces about 4% in the
LST rings (Series 1: Barrel, coated chrome, baseline, series 2: Flat, chrome coated,
and laser-treated, series 3: Flat and laser-treated, no chrome) [8] (Fig. 8).

Analytical results [19] showed that grooves with deep, dense, and wide have
significant effects on the load-carrying capacity for piston rings with a small radius
of curvature. Researcher suggested that groove location plays a major role in the
pressure perturbation and the groove shape plays a secondary role [19].Investigation
results [10] shows depth to diameter ratio of 0.14 with lower coefficients of friction
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Fig. 8 Engine specific fuel
consumption versus engine
speed [8]

compared with a depth over diameter ratio of 0.30 and the results were validated
with [24].

4.2 Surface Texturing in Cylinder Liner

Guo et al. [20] suggested that regular concave surface texture improves the operation
condition of piston ring and cylinder liner pair. Concave surfaces with a depth to
diameter ratio are 0.1 giving better lubrication comparewith a depth-diameter ratio of
0.3.Grabon et al. [21] creates surface texture by burnishingmethod on honed cylinder
liners. Average depths of oil pockets were 5 µ and its area, density of texture with
oil pockets is 13%. Coefficient of friction is deceased by using burnishing technique
comparing to plateau honed cylinder liner. The friction force is decreased by twice
using the burnishing technique surface textured cylinder liner and this can identify in
higher speeds and low loads [21]. The statistical parameters Sa and Sq are decreased,
and the skewness Ssk also decreased, but the kurtosis Sku increased for two types of
surfaces [21].

Noutary et al. [22] found that the groove depth and density of texturing are the
main factors to determine the load-carrying capacity but the groove shape only acts
as a secondary role. Zhou et al. [9] found that suitable area densities are 16–22%, 14–
18%, and 10–12% for low, medium, and high-velocity ranges, respectively and they
suggested that required depth over diameter ratio is 0.1 for all operating conditions.

5 Conclusion

Surface texturing in piston ring or cylinder liner has shown a significant improvement
in the tribological properties of rubbing pairs. Surface texturing is used to increase
the load-carrying capacity and reduce the friction between piston ring and cylinder
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pair. Creation of surface texturing can reduce the specific fuel consumption of an
internal combustion engine without considerable exhaust gases. Laser is mainly used
for creation of dimples bymost of the researchers. In surface texturing; it is important
find optimum texturing parameters like dimple depth, dimple diameter, and dimple
density.A lot of research has beendone numerically for finding the optimum texturing
parameters, but the major issue is violating the assumptions made by using reynolds
equation and creating meshes for micro-level that increase the computation time.
Surface texturing is a possible method for the piston compression ring and cylinder
liner and surface texturing can improve the load-carrying capacity, reduce the friction
force between the rubbing pairs and increase the efficiency of an engine without the
traceable changes in the emissions.

References

1. Stachowiak GW, Batchelor AW (2005) Engineering tribology. 4th edn. Oxford, UK
2. Ryk G, Etsion I (2006) Testing piston ring with partial laser surface texturing for friction

reduction. Wear 261:792–796
3. Holmberg K, Andersson P, Erdemir A (2012) Global energy consumption due to friction in

passenger cars. Tribol Int 47:221–234
4. Etsion I, Kligerman Y, Halperin G (1999) Analytical and experimental investigation of laser-

textured mechanical seal faces. Tribol Trans 42:511–516
5. Etsion I, Halperin G (2002) A laser surface textured hydrostatic mechanical seal. Tribol Trans

45:430–434
6. Etsion I, Halperin G, Brizmer V, Kligerman Y (2004) Experimental investigation of laser

surface textured parallel thrust bearings. Tribol Lett 17:295–300
7. Shinkarenko A, Kligerman Y, Etsion I (2009) The effect of surface texturing in soft elasto-

hydrodynamic lubrication. Tribol Int 42:284–292
8. Etsion I, Sher E (2008) Improving fuel efficiencywith laser surface textured piston rings. Tribol

Int 42:542–547
9. Zhou Y, Zhu H, Tang W (2012) Development of the theoretical model for the optimal design

of surface texturing on cylinder liner. Tribol Int 52:1–6
10. Kim B, Chae YH, Choi HS (2014) Effects of surface texturing on the frictional behavior of

cast iron surfaces. Tribol Int 70:128–135
11. PodgornikB, SedlacekM(2012) Performance, characterization and design of textured surfaces.

J Tribol 134(4):41701–41707
12. NIST-internet based surfacemetrology algorithm testing system. https://physics.nist.gov/VSC/

jsp/index.jsp
13. Gropper D,WangL,Harvey TJ (2016) Hydrodynamic lubrication of textured surfaces: a review

of modeling techniques and key findings. Tribol Int 94:509–529
14. Kligerman Y, Etsion I, Shinkarenko A (2005) Improving tribological performance of piston

rings by partial surface texturing. J Tribol 127(3):632–638
15. Ronen A, Etsion I, Kligerman Y (2001) Friction reducing surface texturing in reciprocating

automotive components. STLE Tribol Trans 44:359–366
16. Tomanik E (2013) Modelling the hydrodynamic support of cylinder bore and piston rings with

laser textured surfaces. Tribol Int 59:90–96
17. ASTM Ed (2006) Standard test method for wear testing with a pin-on-disk apparatus. Annual

Book of ASTM Standards G99
18. Usman A, Park CW (2017) Numerical investigation of tribological performance in mixed

lubrication of textured piston ring-liner conjunction with a non-circular cylinder bore. Tribol
Int 105:148–157

https://physics.nist.gov/VSC/jsp/index.jsp


952 S. Prakash et al.

19. Biboulet N, Lubrecht AA (2016) Analytical solution for textured piston ring—Cylinder liner
contacts (1D analysis). Tribol Int 96:269–278

20. Guo Z, Yuan C, Liu P, Peng Z, YanX (2013) Study on influence of cylinder liner surface texture
on lubrication performance for cylinder liner-piston ring components. Tribol Lett 51(1):9–23

21. Grabon W, Koszela W, Pawlus P, Ochwat S (2013) Improving tribological behaviour of piston
ring-cylinder liner frictional pair by liner surface texturing. Tribol Int 61:102–108

22. Noutary M, Biboulet N, Lubrecht AA (2016) A robust piston ring lubrication solver: in fluence
of liner groove shape, depth and density. Tribol Int 100:35–40

23. Alcouffe RE, Brandt A, Dendy JE, Painter JW (1981) The multi-grid method for the diffusion
equation with strongly discontinuous coefficients. SIAM J Sci Stat Comput 2:430–454

24. Ronen A, Kligerman Y, Etsion I (2001) Friction-reducing surface-texturing in reciprocating
automotive components. Tribol Trans 44:359–366



Mitigation of Frequency Variation
Through Voltage Control in Islanded
Microgrid

C. Kokila Vani, E. Sarangapani, and R. Kumaresan

Abstract The islanded microgrid should meet certain adequacy standards that
necessitate the system frequency and voltage within the acceptable limit to provide
a reliable power supply to remote people. This paper presents a frequency controller
based on voltage regulation for the standalone microgrids. The controller proposed
uses the sensitivity of load to operating voltages by which the consumption of the
load is regulated. The scheme proposed has significant merits over conventional
controllers such as enabling higher renewable energy penetration into standalone
microgridswithout dependingon expensive energy storage systems.Themain feature
of the controller is to use only local frequency and voltage for feedback which avoids
time-consuming additional infrastructure for communication. The simulation studies
are carried out in MATLAB software to evaluate the performance of the controller.

Keywords Frequency control · Isolated microgrid · Voltage-based frequency
controller (VFC) · Voltage regulation · Voltage source converter (VSC)

1 Introduction

Today, the electricity systemhas emerged as one of themost important infrastructures
which supports all other commercial and developmental activities. In India, most of
the consumers accessing the electricity receive intermittent and unreliable power
from conventional power delivery grids. It also failed to meet out the challenges of
future requirement with greater reliability and more economic benefits.

Thus, the concept of decentralized power delivery systems has come up as a new
alternative. Microgrid was initiated as part of decentralized energy production and
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basically it is defined as an aggregation of generating sources and loads [1]. Isolated
microgrid seems to be the better option for remote people in case of providing
reliable power [2]. However, islanded microgrid should maintain the system voltage
and frequency within acceptable levels [3]. The frequency response of droop-based
controller which is a strategy for islanded microgrid operation seems to be poor due
to sudden changes in wind and PV sources [4]. Also, ESS is too costly to maintain
which has great financial impact on the system [5].

In view of aforementioned drawbacks, a controller based on voltage has been
proposed to improve frequency response of the islanded microgrid through voltage
regulation [6] and also to balance the mismatch between the demand and the output
power [7]. Hence, it minimizes the system dependency on large energy storage
system. By integrating the VFC with voltage source converters (VSC) [8], the
effectiveness of the controller is investigated.

2 Proposed Control Structure of an Electronically
Interfaced DER with VFC

The structure of a DER connected to the microgrid through a VSC [9] is illustrated in
Fig. 1 where a PWMblock provides the firing pulses to the switches of a bidirectional
VSC. The power controller block [3] helps to calculate instantaneous active and
reactive power. The primary function of the power controller is to offer the voltage
and frequency reference set-points based on a drooping mechanism.

The voltage controller block is used to reap d-axis and q-axis current references.
Feed-forward terms included here are used to decouple the two-axis controls. Current
controller block is used to obtain voltage references [10].

Fig. 1 Proposed control schematic of an electronically interfaced DER
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The block diagram of proposed voltage-based frequency controller [9] is shown
in Fig. 2. The frequency deviation of the system from the nominal set-point �f is the
enter sign to the controller. This frequency deviation is made to bypass via.

A PI controller to ensure that the steady-state error is zero [11], and KVFC is the
gain which determines the damping element provided by the VFC [12]. Then, the
signal is allowed to enter via a lead-lag blockwhich compensates the phase difference
between the voltage regulator input and output.

The limits VFCmax and VFCmin are used to maintain output voltage within a
desired range [13]. The block diagram of proposed VFC integration with the voltage
controller block of VSC is shown in Fig. 3.

V ∗
d0 = Vn − nq Q + � f (KVFC

1+ ∝ s + βs2

τi s + γ s2
(1)

∝= (
Kp + 1

)
τi + τ2 (2)

Fig. 2 Proposed voltage-based frequency controller block diagram

Fig. 3 Block diagram of proposed VFC integration with the voltage controller block of VSC
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β = Kpτiτ2 + τiτ1 (3)

γ = τiτ2 (4)

3 Results and Discussion

The test system for proposed work is shown in Fig. 4. A DC source of 230 V is
supplied to the three-phase voltage source inverter.

3.1 Load Measurements

The type of load used in the AC bus is resistive and inductive load (RL load). Three
different loads are used at different initial conditions with switching times 2 and 3.5 s.
The simulation results of voltage and current of load at different loading conditions
and switching times are shown in Fig. 5.

From Fig. 5, it is clear that the voltage is regulated even under various load
conditions. By using VFC output signal to the voltage controller block of VSC, the
voltage is regulated without much deviation.

3.2 Three-Phase VSI Measurements

Three-phase VSI is modeled with closed loop voltage and current control with 230
DC voltage source. This three-phase VSI is integrated with AC bus through a LC
filter and a three-phase transformer.

The simulation results for voltage and current of secondary of the transformer
using VFC is shown in Fig. 6. From Fig. 6, it is clear that the voltage is regulated even
under various load conditions. By using VFC output signal to the voltage controller
block ofVSC, the voltage is regulatedwithoutmuch deviation. The results for voltage

Fig. 4 Block diagram of test system for the proposed work
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Fig. 5 Voltage and current with different loading conditions using VFC

Fig. 6 Voltage and current of secondary of the transformer using VFC

and current of secondary of the transformer using VFC at different switching times
are given in Table 1.

Table 1 Voltage and current
measurements of secondary
of the transformer using VFC

Switching times (s) Voltage (V) Current (A)

0–2 955 8.6

2–3.5 950 8.4

3.5–5 960 8.8
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Fig. 7 Simulation results for voltage and current measurements of AC bus

3.3 AC Bus Measurements

TheACbus used for islandedmicrogrid is synchronous generator.Various parameters
are used to design andmodel the synchronous generator. The inputmechanical power
supplied to the machine is 5 kW and supply voltage to the machine is 690 V. The
simulation results for voltage and current measurements of AC bus are shown in
Fig. 7.

3.4 Frequency Measurements with and Without VFC
Measurements

Phase locked loop (PLL) is used to measure the frequency of the AC bus. The
frequency measurements are done using PLL for the load parameters [14]. The
simulation results for frequency of the system with and without VFC are shown in
Fig. 8. The parameters of voltage-based frequency controller (VFC) are tabulated in
Table 2.

The simulation results show that the frequency is not in the allowable limit of
frequency in India. Also, there will be a power mismatch between load, inverter
and AC bus. Hence, a controller is required to balance the power mismatch and to
make the frequency within the allowable limit [15]. Here, voltage-based frequency
controller (VFC) is used to mitigate the large frequency deviation. The simulation
results show that the frequency is within the allowable limit of frequency in India.
FromTable 3, it is clear that frequency is improved efficiently by using voltage-based
frequency controller.
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Fig. 8 Frequency of the system with and without VFC

Table 2 Parameters of
voltage-based frequency
controller (VFC)

Parameters Units

Proportional gain, Kp 0.2

Integral gain, K I 0.377

Integrator time constant, τ i 2.65

Lead-lag block time constants, τ 1 and τ 2 0.01 and 0.9

Table 3 Frequency of the system with and without VFC

Frequency level Frequency without
VFC (Hz)

Frequency with VFC
(Hz)

Frequency
improvement using
VFC (Hz)

Minimum frequency 49.13 49.72 0.59

Maximum frequency 50.36 50.09 0.27

3.5 Power Balance of Inverter, AC Bus and Load

The systemwithout VFC has power unbalance so that its frequency is much reduced.
To restore the frequency to the nominal value or near to the nominal value, the power
has to get balanced or nearly balanced, respectively.

By using VFC, it is shown that the frequency is improved so that power should
also get balanced. The results for power balance among inverter, AC bus and load
are tabulated in Table 4. Load power should be equal to the inverter and AC bus
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Table 4 Power balance of inverter, AC bus and load

Switching
times (s)

RL load Inverter power
(kW)

AC *bus
power (kW)

Total power
(kW)

Load power
(kW)

0–2 68 � and
1 mH

10.8 6.9 17.7 17.15

2–3.5 320 � and
1 mH

10.7 8.8 19.5 19

3.5–5 90 � and
1 mH

10.85 5.4 16.25 15.66

Fig. 9 Power balance of inverter, AC bus and load

power for power balance. Hence, in Table 4, it is evident from the column 5 and 6
that the power of the load is nearly equal to the power of the inverter and AC bus.
The simulation results for power balance of inverter, AC bus and load are shown in
Fig. 9.

4 Conclusion

In this paper, a frequency controller based on voltage is implemented for standalone
microgrids which serve as control in addition to traditional frequency controllers to
improve the system’s frequency response. During the frequent variations in power
outputs of RES, the controller acts as virtual storage for the system. Further, the
VFC rectifies the drawbacks of conventional frequency control methods as it only
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includes the local feedback signals such as frequency and voltage for communica-
tion. This makes the controller a simple and cost-effective one. Also, the response
of VFC is almost immediate in case of frequent power output variations during
large disturbances. However, the controller’s performance is highly dependent on
the composition of the load and acceptable operating voltage range.
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Analyzing the Performance of CO2 Heat
Pump for Mushroom Drying Application

C. Subramaniyan, R. Naveen Kumar, S. Siva Ranjith, and S. Thiyagu

Abstract Heat pump is mainly applied for HVAC in domestic and industrial appli-
cations in many countries. One of key applications of heat pump is dryer of fruits
and vegetables. Many noted research is going on heat pump dryer with respect to the
required conditions. Most commonly used refrigerants in the heat pumps are CFCs
and HCFCs. Due to the ozone depletion, those refrigerants are unfit for the heat
pump applications for better environmental considerations. So the alternative refrig-
erant for heat pump is to be applied for avoiding environmental pollution. Forbetter
performance, many researches are going on CO2 as an alternative refrigerant for
HVAC applications. In this paper, a heat pump dryer setup was proposed and numer-
ical modeling was done for mushroom drying application. The performance of heat
pump was also been studied for various required conditions.

Keywords Mushroom dryer · Heat pump · Carbon dioxide (CO2)

1 Introduction

Drying Kinetics of Milky Mushroom cuts (10 mm) in a fluidized bed dryer was
studied with the model and the optimum datas were also been found. The result
shows that the effective moisture diffusivity of mushroom is increased while the
drying air temperature increased [1]. Analyzing the performance of solar tunnel dryer
for drying mushrooms were also been investigated. The drying chamber temperature
is varied from 37.0 to 66.5 °C and the performance of the dryer was also analyzed for
the required conditions [2]. Energy consumption for drying of mushroom slices was
studied in variousmethods such as hot air, microwave, vacuum, infrared, microwave-
vacuum, and hot air-infrared. During data analysis the energy consumption levels
in drying mushroom slices were associated with microwave and vacuum dryers,
respectively was analyzed. Energy consumption in the hot air dryer is in downward
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trend with increasing temperature and an upward trend with increasing air velocity.
In drying mushroom using infrared radiation, it was observed that the increased air
velocity increases drying time and consequently reducing the amount of consumed
energy. Using both the hot air and infrared sources on drying it is noted that energy
consumption is reduced compared to the infrared drying alone [3].

Normally mushroom is dried in sunlight depend upon the weather conditions
which affect the quantity of mushroom. Hence artificial drying of mushroom is
promoted in order to maintain their quality with required drying conditions. The
performance of dryer with respect to the various drying condition were analyzed [4].
Analyzing the performance of vapor compression system using CO2 as refrigerant
was done. The irreversibility in the system with CO2 as refrigerant were also been
analyzed with intercooler [5]. A theoretical study on CO2 heat pumps for heating
application are studied in which the desired temperature of water is obtained by
reducing the mass flow rate of water and resulted in increase in efficiency with
minimum heat loss [5]. In order to reduce the losses in expansion process with high-
temperature change, the temperature of refrigerant at the exit of compressor can be
reduced by multistage compression with inter cooling [6].

The heating tower heat pump (HTHP) is proposed as an opportunity to the conven-
tional air-source heat pump (ASHP). To inspect the enhancement of the overall
performance of the HTHP over the ASHP, a comprehensive comparison between the
two systemswas carried out primarily based on a simulation study. Physics-primarily
based models for the ASHP and HTHPwere evolved. The overall performance of the
ASHP underneath frosting conditions changed into corrected with a newly advanced
frosting map, and the regeneration penalization become taken into consideration
for the HTHP [7]. The use of high-temperature heat pumps (HTHPs) running with
natural fluids has been proven to be a capacity environmentally friendly solution
to increase energy power performance in industrial methods. Industrial approaches
release a tremendous amount of strength as low-qualitywaste heat to the environment
[8].

Heat pump dryer is established as drying machine that certain the product’s
pleasant mainly meals and agriculture products, capable of manage drying temper-
ature, relative humidity, moisture include extraction, drying air velocity, drying
period, etc. Improving a heat pump dryer includes the setup cost, drying perfor-
mance which includes air velocity, drying temperature and relative humidity, overall
performance of the component hybrid to heat pump dryer, power required to run
the machine, and also payback length [9]. Enhancing the performance of dryer with
reduced energy consumption and product satisfactory in addition reduce environ-
mental impact remained as the primary goal of any improvement of drying system.
A solar-assisted chemical heat pump dryer is a new solar drying system, which have
contributed to better cost-effectiveness and better excellent dried products as well as
saving energy. A solar collector is customized to offer thermal energy in a reactor,
so a chemical reaction can take place. This reduces the dependency of the drying
generation on fossil energy for heating [10].

Although heat pumps have been used extensively in enterprise for lot of years,
their use for drying, particularly foods, has been limited. Evaluating the potential
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of heat pump dehumidifier (HPD) dryer has been done. HPD dryers offer several
advantages over traditional hot-air dryers for the drying of food products, together
with higher electricity efficiency, higher product quality, and the capability to func-
tion independently of out of doors ambient climate conditions. In addition, this tech-
nology is environmentally friendly because the gases and fumes are not given off into
the atmosphere [11]. The overall performance of the drying system components is
discussed, while the crucial device components are determined to improve the system
efficiency. The overall performance of the drying process is also analyzed for three
different medicinal and aromatic plants from the exergoeconomic point of view. A
comprehensive parametric take a look is conducted to investigate the effect of varying
dead (reference) state temperatures on exergoeconomic performance parameters for
both drying system components and drying process. The correlations between the
performance parameters and dead state temperatures are developed [12].

The performance of dryers have been improved by using different methodology
such as heat recovery unit, proportional control (PC) of drying air temperature,
simultaneous control of the relative humidity–temperature–air flow rate, water cycle
dehumidifier, and closed-loop cycle to increase the drying efficiency of industrial
drying applications. The highest coefficient of performance of the whole heat pump
system (COPws,HP) was calculated as 3.7 and drying efficiencies of the IRD and
HPD systems were calculated as 39% and 25%, respectively [13]. The study is
to obtain the drying curves and calculate the effective diffusivity to predict drying
kinetics and thermodynamic characteristics of tomatoes drying. The tomato samples
were cut in two different shapes namely flat slices and wedges. In the case of flat
slices, there were four different thicknesses, 0.5, 1, 1.5, 2 cm. For the wedged slices,
the tomatoes were slit into 2, 4, 8, and 16 equal sections. The moisture content of
the tomatoes varied between 92.5 and 93.6%. The tomatoes were weighed regularly
until moisture content fell between 18 and 25% [14].

2 Methodology

One of the most important issues in mushroom production is the handling of the
aftermath of the harvesting. Themushrooms are maintained for required temperature
conditions like 50, 60, and 70 °C temperature. Therefore there is a need for anyone of
the heating sources formaintaining the temperature of themushroom.Mushroomwill
be drying in various methods including such as Sunlight, heat pump, etc. However,
the availability of the sunlight is not continuous and uniform all over the day. The
fluctuation in the output energy from the solar dryer causes quality reduction in the
mushroom production. To avoid that non-uniformity of heat source from the solar
dryer system it is proposed to place a heat pump dryer. This dryer is continuously
giving heat source which can be easily varied for the required temperature. The CO2

refrigerant fluid is also been used for drying process. At the quality approach, the
mushrooms are considered good if they have a moisture content of 90.56%.
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The working principle of heat pumps is reversed Carnot cycle. This cycle consists
of two reversible isothermal processes and two isentropic processes. The working
refrigerant (CO2) fluid is sent through the evaporator which converts the liquid into
gaseous stage. Then the gaseous state condition CO2 is sent to compression and the
compressor increases the pressure and temperature of theCO2.Basically, five types of
compressors are used for the heat pump dryer operation (Reciprocating compressor,
Screw compressor, Rotary compressor, Centrifugal compressor, and finally Scroll
compressor). The high pressurized CO2 is sent to the heat exchanger where the CO2

loses its heat energy and same is sent to the expansion valve for depressurizing. The
low-pressure CO2 is sent to the condenser which converts all the CO2 in to liquid.
Finally the same CO2 is sent to the compressor again for another cycle.

The mathematical model was derived and the same was coded in Microsoft excel.
The mass flow rate of mushroom is initially taken as the primary parameter for the
modeling. The temperature of mushroom is taken for the required conditions and
based on the temperature the heat load on the heat exchanger weas modeled. The
initial temperature of the mushroom is considered constant and it doesn’t play any
role of load variation. The compressor work done is modeled for the corresponding
value of pressure and the condenser heat transfer is also modeled. The mass flow
rate of refrigerant and COP of the heat pump is derived and all the parameters are
derived into the primary variables.

3 Numerical Analysis

Based on the mathematical model the drying of mushroom was done for heat pump
by using CO2 as the refrigerant fluid for the required conditions. The corresponding
enthalpy values of CO2 are taken from the property chart with respect to its tempera-
ture and pressure. Initial temperature ofmushroom is taken as 25 °C andfinal required
temperature is assumed as 60 °C. The compressor pressure is limited to 90 bar at
60 °C. Mass of mushroom to be dried is assumed as 0.4 kg and mass flow rate of
refrigerant is calculated based on the required conditions. Finally, the COP is also
derived from the output parameters. The compressed working temperature is varied
from 60 to 80 °C and the corresponding values of COP, refrigerant mass flow rate is
calculated. The simulated results are tabulated in Table 1 (Fig. 1).

Heat is supplied to the mushrooms Qs which is to be supplied by the heat pump
is given by the following the Eq. (1)

Qs = Mm ∗ Cp
(
Tm2 − Tm1

)
(1)

Enthalpy of the refrigerant after heat exchanger and compressor work is given by
Eqs. (2), (3) respectively

h3 = h2 − (Qs/Mref) (2)
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Table 1 Experimental parameters

Mm Cp Tm1 Tm2 Qs P T2 h1 h2 h3 W c COP Mref

Kg kJ/kg k °C °C J bar °C kJ/kg kJ/kg kJ/kg kJ/s – kg/s

0.40 29.50 25 60 413.00 90 60 395 425 277.5 30 13.77 2.8

0.40 29.50 25 60 413.00 90 65 395 435 287.5 40 10.33 2.8

0.40 29.50 25 60 413.00 90 70 395 445 297.5 50 8.26 2.8

0.40 29.50 25 60 413.00 90 75 395 455 307.5 60 6.88 2.8

0.40 29.50 25 60 413.00 90 80 395 465 317.5 70 5.90 2.8

Fig. 1 Proposed layout of experimental setup

Wc = Mref(h2 − h1) (3)

Co-efficient of performance (COP) of the heat pump is given by

COP = Qs/Wc. (4)
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4 Result and Discussion

The corresponding reversed Carnot cycle is drawn for all the results mentioned
in Fig. 2 and the enthalpy is taken for all the required conditions. The graph was
plotted for the COP of the heat pump with respect to the refrigerant temperature after
compression for the mass of mushroom as 0.05 kg/s which is shown in Fig. 3. The
COP varies from 5.25 to 3.41 for the variation in the refrigerant temperature (T 2)
50–70 °C. The mass flow rate of the mushroom is also varied from 0.05 to 0.4 kg/s.
From the result, it was found that the co-efficient of performance (COP) is very less
for the higher refrigerant temperature (T 2). When the refrigerant temperature (T 2)
increases, the co-efficient of performance (COP) decreases gradually. Therefore the
optimum temperature should be kept for compression for better COP. For higher the
mass flow of mushroom the COP is also high.

The enthalpy of the refrigerant after the compression is also plotted on graph and
it is shown in Fig. 4 for the various working temperatures of refrigerant and mass
flow rate of mushroom. The compressor work input is also plotted in graph which
is shown in Fig. 5 for the various working temperatures of refrigerant and mass
flow rate of mushroom. The compressor work input is higher for the higher working
temperatures of refrigerant and high mass flow rate of mushroom.

Fig. 2 Pressure-enthalpy diagram of CO2
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Fig. 3 Temperature (T2)
versus coefficient of
performance (COP)

Fig. 4 Temperature (T2)
versus enthalpy (h3)

5 Conclusion

For the better quality of the dried mushroom product, it is suggested to go for the
proposed heat pump dryer systemwhich gives uniform heat constantly. The optimum
COPof heat pump can be achieved at the lowerworking temperature of the refrigerant
after compression and the mass flow rate is higher for the mushroom. The working
temperature of the refrigerant after compression increases, the efficiency decreases.
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Fig. 5 Temperature (T2)
versus work done of
compressor (W c)
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System Identification Using Adaptive
Algorithms

J. Reena Catherine, N. Bhuvanesh, M. Prasanna, and S. Manojj

Abstract In this paper, System Identification is accomplished using various adaptive
filters. System Identification is the one which is used in identifying the unknown
model of a system and it is the mathematical modeling of the plant or process. It is
said to be the bridge between the real-time application and the mathematical model
of a particular system with respect to control theory and abstraction of model. In
order to identify the unknown system, LMS (Least Mean Square), RLS (Recursive
Least Square), NLMS (Normalized Least Mean Square), Leaky LMS, and Block
LMS algorithms are used. Based on the mean square error obtained from the above-
mentioned algorithms for the unknown system, the comparison of simulation results
is done for the performance analysis of the adaptive algorithms.

Keywords Adaptive algorithms · Bilinear system · Mean square error · System
identification · Mathematical model

1 Introduction

A Mathematical model serves as a good replica for the plant or a process. Models
are qualitative understanding of a process. The determination of a process on the
basis of input and output of a model which the system under test is equivalent is
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the process of System Identification. Performing various tests on a data based on
an algorithm, the system to be identified can be determined. Modeling, Design,
Control and Monitoring are the major tasks in the process of System Identification.
Basically, the process of System Identification involves the process of estimation of
black model or grey model of a system. It involves the estimation and prediction of
the input-output relationship of a system and also the determination of the parameters
related to the physical features of the system.

In [1], it is explained about various adaptive algorithms such as Least Mean
Square algorithm, Normalized Least Mean Square algorithm and Recursive Least
Squares algorithm in system identification. The performance evaluation of system
identification is performed by these adaptive algorithms. The results show that all
these algorithms have achieved accuracies with mean square values. The advantage
of the descriptive algorithm of the literature lies in its simplicity. The calculation
of weight updation in adaptive algorithms is almost straightforward and is based
on iteration process. In [2], it is discussed about blind identification of a class of
bilinear systems which has experienced the non-Gaussian higher order white noise.
The system output is also corrupted by Gaussian measurement noise.

The main purpose is that the experiment design of plant must satisfy the
constraints. The simulation results are provided such that it approves of the param-
eters identified by an array of linear systems. For identifying the unknown system
from the response of the process with respect to the input signal, it is explained in
[3]. The identification of the system is done by using adaptive algorithms such as
LMS, NLMS, and RLS algorithms, which works on weight updation process and
is based on the Least Mean Square Error. These algorithms are used to identify the
unknown system and the simulation result shows the performance analysis of these
algorithms in comparative manner.

In [4], it is discussed about the fractional adaptive signal processing. By using
weight updation mechanism in standard Volterra LMS algorithm, the input-output
relation of theModified Standard Volterra LMS algorithm is derived. The parameters
obtained in the Standard Volterra LMS algorithm and Modified Standard Volterra
LMS algorithms are compared with the true parameters of the Box Jenkins model
considered. The performance analysis is done through the performance measures
obtained from the algorithms.The leastmean square adaptive algorithm for the identi-
fication of the systemwith bilinear form is discussed in [5]. The bilinear term is given
in terms of the impulse response of the spatiotemporal model. This spatiotemporal
model features the multiple input and single output model. The performance analysis
is done on the basis of convergence bounding the main features of the algorithm.
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2 Materials and Methods

2.1 System Identification

Identification is the exercise of describing the relationship between the input and
output of the system i.e., the cause and response of the system from themeasured data.
Modeling is crucially an important way of exploring, studying, and understanding
the surrounding world. A model is used to describe imperative aspects of a system.
A mathematical model is said to be a substitute for a process. The requirements
which determine the complexity of the model are Modeling and Design, Control,
and Monitoring. From Fig. 1, the basic block diagram of identification process is
discussed. The input signal is given to the actuator, which gives the output to the
process. In the process block, it processes the signal with disturbance and gives the
output to the sensor. It evaluates the output with the measurable signal along with
sensor noise, in order to obtain the response from the system.

Models obtained from the fundamental laws like continuity equation and energy
conversion are known as first principle models. By conducting experiments, the
alternative approach is used to build the models; such models are called empirical
models. From Fig. 2, the block diagram of System Identification process is explained
below.

2.1.1 Experimental Design

In ExperimentalDesign, collection of data is donewith respect to the prior knowledge
of the system. The input signal or data must be chosen such that the data is more
informative and the influence of noise must be reduced by choosing the input signal
correspondingly.

Fig. 1 Block diagram of the process of identification
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Fig. 2 Block diagram of system identification process

2.1.2 Data

By using some known parameters, on using estimation process, the unknown param-
eter can be determined. If we have no knowledge of the system, then the identification
methods like black box identification and grey box identification are used in order
to determine the parameters of the system.

2.1.3 Model Structure Selection

A group of models must be specified priorly such that the valid model based on the
constraints can be chosen. By using the black box method, trial and error method,
the suitable model is chosen. Both the parametric and non-parametric models are
chosen.

The parametric model structure is given by,
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A(q)y(t) = B(q)

F(q)
u(t − nk) + c(q)

D(q)
e(t) (1)

where, u and y are the input and output sequences, respectively, and e is the white
noise sequence.

Different types of model are given as follows:

1. AR Model: The Auto Regressive (AR) model is a time series model, which is
given by,

A(q)y(q) = e(t) (2)

where, the exogenous input u is zero.
2. ARXModel: The Auto Regressive Exogenous (ARX) model is given by,

A(q)y(t) = B(q)u(t − nk) + e(t) (3)

The identification method for ARX model is least squares method, which is a
special case of prediction error model.

3. ARMAXModel: The Auto Regressive Moving Average Exogenous (ARMAX)
model is given by,

A(q)y(t) = B(q)u(t − nk) + C(q)e(t) (4)

TheARMAXmodel hasmore flexibility than theARXmodel, since it can handle
with the disturbances in the system.

4. OEModel: The Output Error Model is given by,

A(q)y(t) = B(q)

F(q)
u(t − nk) + e(t) (5)

The OE model does not use any parameters for simulating the disturbance and
the identification method is prediction error method which is the same as that of
ARMAX model.

5. BJ Model: The Box Jenkins Model is given by,

A(q)y(t) = B(q)

F(q)
u(t − nk) + C(q)

D(q)
e(t) (6)

In the above-specified models, the polynomials A, B, C, D, F are defined by the
backward shift operator (q−1), which are given by,

A(q) = 1 + a1q
−1 + · · · + anaq

−na

B(q) = b1 + b2q
−1 + · · · + bnbq

−nb+1
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C(q) = 1 + c1q
−1 + · · · + cncq

−nc

D(q) = 1 + d1q
−1 + · · · + dndq

−nd (7)

F(q) = 1 + f1q
−1 + · · · + fn f q

−n f (8)

where na is the number of past output terms used to predict the current output and
nb is the number of past input terms used to predict the current output.

2.1.4 Criterion Fit

When System identification focuses on selecting a specific parametric model, it is
appropriate to design and estimate the input-output relationship of the system with
a transfer function. This process of estimation of the transfer function of the system
with respect to the input-output relationship, gives clues to determine the complexity
of the model and the appropriate model structure.

2.1.5 Validation

The model validation is used in order to check whether the model is satisfactory
and to check whether it serves the purpose. But, this process is more dangerous
because different sets of measurements must be used to crosscheck the above-
specified constraints. In the model validation, the comparison is carried out between
parameter estimates and the values determined using the algorithms and techniques.

2.2 Adaptive Algorithms

An algorithm that helps in altering the behavior during the execution of the process
is said to be the adaptive algorithm. The block diagram from Fig. 3 is described as

Fig. 3 Block diagram for
adaptive algorithm
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follows: the input x(n) is given to the filter and adaptive algorithm block simultane-
ously. The filter which has the input as the input signal x(n) has another input, which
is the output of the adaptive algorithm process w(n). After processing, the output of
the filter y(n) is obtained.

The desired output based on the requirement is given as d(n). The comparative
process takes place between the output of the filter after processing and the desired
output. The comparative value obtained is the error between the outputs which is
denoted by e(n). This is then fed back to the adaptive algorithm block, where the
error is used in updating the weights, since the adaptive algorithms are based on
the weights of the previous data, the error between the filter output and the desired
output, and learning rate.

2.2.1 Types of Adaptive Algorithm

The adaptive algorithms are classified based on the least square criterion. Since
the complete process of adaptive algorithm is based on the weight updation, which
depends on the past weights of the system, the algorithm is an iterative process where
the weights are altered every instant.

LMS Algorithm

The LMS algorithm is Least Mean Square Algorithm which works on the basis of
the weight updation equation. It involves the following algorithm steps:

LMS Algorithm Steps
The adaption process in the Least Mean Square algorithm involves three steps. They
are:

1. The filter output is given by the input and the coefficient of weight obtained. It
is given by,

y(n) = x(n)w∗(n) (9)

2. The estimation of error is carried out by the comparison between the output of
the filter and the desired output. It is given by,

e(n) = d(n) − y(n) (10)

3. The updation of weight in the adaptation process takes place in iterative manner.
The weight updation equation is given by,

w(n) = w(n − 1) + μu(n)e(n) (11)
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NLMS Algorithm

The NLMS algorithm is the Normalized Least Mean Square Algorithm. The NLMS
algorithm is considered as an extension of the LMS algorithm, which ignores this
issue by the determination of maximum step size value.

NLMS Algorithm Steps
The adaptation process in the Normalized Least Mean Square algorithm is given by
the following steps:

1. The filter output is given by the input and the coefficient of weight obtained. It
is given by,

y(n) = x(n)w∗(n) (12)

2. The estimation of error is carried out by the comparison between the output of
the filter and the desired output. It is given by,

e(n) = d(n) − y(n) (13)

The step size value of the normalised mean square algorithm is calculated by
using,

μ(n) = 1

x(n)x∗(n)
(14)

3. The updation of weight in the adaptation process takes place in iterative manner.
The weight updation equation is given by,

w(n) = w(n − 1) + μ(n)u(n)e(n) (15)

Because of its simplicity which is approximately equally simple as LMS algo-
rithm, the NLMS algorithm exhibits better balance between the performance of the
algorithm and the property of simplicity.

RLS Algorithm

The RLS algorithm is Recursive Least Squares Algorithm. In this algorithm, the
weight updation is performed by deriving the minimized least squares error and
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deriving an algorithm for the weight adaptation is said to be the Recursive Least
Square algorithm.

RLS Algorithm Steps
The adaptation process in the Recursive Least Square algorithm is given by the
following steps:

1. The filter output is given by the input and the coefficient of weight obtained. It
is given by,

y(n) = x(n)w∗(n) (16)

2. The estimation of error is carried out by the comparison between the output of
the filter and the desired output. It is given by,

e(n) = d(n) − y(n) (17)

3. The updation of weight in the adaptation process takes place in iterative manner.
The weight updation equation is given by,

w(n) = w(n − 1) + k(n)e(n) (18)

where

k(n) = π(n)

γ + x(n)π(n)

The Recursive least squares algorithm has high convergence rate inspite of its
complexity and requires p multiplications, RLS algorithm requires p2 multiplica-
tions.

2.2.2 Variants of LMS Algorithm

Leaky LMS

In regular LMS algorithm, when the input is turned off, the weight vector the stalls.
But in case of leaky LMS in the same scenario, the weight vector instead “leaks” out
due to the leakage factor.

Leaky LMS Algorithm Steps
The adaptation process in the Leaky Least Mean Square algorithm is given by the
following steps:
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1. The filter output is given by the input and the coefficient of weight obtained. It
is given by,

y(n) = x(n)w∗(n) (19)

2. The estimation of error is carried out by the comparison between the output of
the filter and the desired output. It is given by,

e(n) = d(n) − y(n) (20)

3. The updation of weight in the adaptation process takes place in iterative manner.
The weight updation equation is given by,

ω(n + 1) = (1 − μγ )ω(n) + μe(n)x(n) (21)

where, γ is the leakage factor which is the compromise between the bias and
coefficient protection.

Block LMS

The Block LMS is Block Least Mean Square algorithm. In case of block LMS, we
can update the coefficients of N samples by using block update.

Block LMS Algorithm Steps

1. The filter output is given by the input and the coefficient of weight obtained. It
is given by,

y(n) = x(n)w∗(n) (22)

2. The estimation of error is carried out by the comparison between the output of
the filter and the desired output. It is given by,

e(n) = d(n) − y(n) (23)

3. The updation of weight in the adaptation process takes place in iterative manner.
The weight updation equation is given by,

ω(n + 1) = ω(n) + (
μe(n)x(n)

N
) (24)

where, N is the total number of samples.
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Fig. 4 Block diagram of input-output relationship of bilinear system

2.3 Bilinear System

Bilinear System means many real physical processes in the world. Thus, it is impor-
tant to understand their stability property, their real properties byusing various control
methodologies. These systems can be considered as a class of nonlinear systems. The
Bilinear System can be represented as natural models for many dynamic processes
[6–9]. It has an ability to represent all the nonlinear systems efficiently and with rela-
tively small number of parameters with respect to the system considered. A Bilinear
System can be represented as,

ẋ = Ax + Bux (25)

is the control input and x is the state. From the above state equation, it is expressed
that, it is linear in state and linear in control; but not jointly linear in state and control.
Also, the Bilinear System is a two factor model with respect to the state and the
control. The Bilinear System can be given in the block diagram in Fig. 4:

The bilinear system in matrix form is expressed as,

⎛
⎜⎜⎜⎝

ẋ1
...

ẋn

⎞
⎟⎟⎟⎠ =

⎛
⎜⎝
a11 · · · an1
...

. . .
...

a1n · · · ann

⎞
⎟⎠

⎛
⎜⎜⎜⎝

x1
...

xn

⎞
⎟⎟⎟⎠ +

⎛
⎜⎝
b11 · · · bn1
...

. . .
...

b1n · · · bnn

⎞
⎟⎠u

⎛
⎜⎜⎜⎝

x1
...

xn

⎞
⎟⎟⎟⎠ +

⎛
⎜⎜⎜⎝

c1
...

cn

⎞
⎟⎟⎟⎠u (26)

3 Results and Discussions

This work is implemented in MATLAB 2015a. The technique followed in the system identi-
fication process using adaptive algorithm for a bilinear system is given by the Block Diagram
in Fig. 5.

The input data given for the identification of the system is gas furnace data. This
is obtained from the Gas Furnace Box Jenkins model. The System to be identified is
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Fig. 5 Methodology for system identification using adaptive algorithm

given as true parameters in the particular block. The true parameters are estimated
in the adaptive algorithm block which mimics the true values of the system [10–13].

They are explained as follows: The plot Fig. 6 is obtained for LMS algorithmwith
various step sizesμ = 0.007, μ = 0.1. The Step Size value chosen must be chosen
such that it lies between the range [0, 1]. By applying the values 0.007 and 0.1 for μ,
it is observed that the error is less for the smaller step size value comparatively. So,
it confirms the property that, smaller the step size value, greater is the convergence
rate.

In Figs 7, 8, 9, 10 and 11, the x-axis and y-axis are parameters and iterations
respectively. In Figs 6, 7, 8, 9, 10, 11 and 12, the x-axis and y-axis are error and

Fig. 6 Comparison of different values of step size for LMS
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Fig. 7 True parameters versus estimated parameters of LMS

Fig. 8 True parameters versus estimated parameters of NLMS

Fig. 9 True parameters versus estimated parameters of RLS
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Fig. 10 True parameters versus estimated parameters of leaky LMS

Fig. 11 True parameters versus estimated parameters of block LMS

Fig. 12 Performance analysis of adaptive algorithms with respect to MSE
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iterations respectively. The following plots Figs. 7, 8, 9, 10 and 11 are the comparison
between the true parameters and estimated parameters of the system using different
adaptive algorithms. From Fig. 6, it can be observed that the parameters can be
estimated for different values of step size for LMS algorithm. From Fig. 7, it can
be observed that the parameters estimated using LMS algorithm is approximately
equal to the true parameters of the system. From Fig. 8, it can be observed that
the parameters estimated using NLMS algorithm is approximately equal to the true
parameters of the system [14, 15]. From Fig. 9, it can be observed that the parameters
estimated using RLS algorithm is approximately equal to the true parameters of the
system. From the below mentioned Fig. 10, it can be observed that the parameters
estimated using Leaky LMS algorithm is approximately equal to the true parameters
of the system.

From Fig. 11, it can be observed that the parameters estimated using Block LMS
algorithm is approximately equal to the true parameters of the system. From Fig. 12,
the performance analysis of various Adaptive algorithms is done based on the mean
square error which determines the convergence rate of the system.

4 Conclusion

The main aim is to identify the unknown system using various adaptive algorithms,
which works on the basis of weight updation process. To identify the system, the
adaptive algorithms are used which are straightforward methods and are iterative
in their process. From those results, it is concluded that the convergence rate of
RLS is faster than the other Adaptive Algorithms. Though the complexity of RLS is
higher than the complexity of the other Adaptive Algorithms, RLS has very less error
after the end of iterations in order to obtain the true parameters. On the whole, the
simulation results support the theoretical analysis. Those results indicate the good
performance of these algorithms used for system identification.
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Design of Compact Paper Counting
Machine

C. Sathishkumar, J. Selvakumar, S. R. Venkatesh, and M. Thoufeekahamed

Abstract In today’s world, handing of papers is increased in shops and in institu-
tions. In this generation, time has become themore important thing in every one’s life.
Counting and handling of papers in reprographies, stationeries, offices and educa-
tional institutions were done manually. It is difficult to count papers during peak
working hours. Maintaining of big database in industries is difficult and it becomes
too difficult in counting them. This generation people focuses to not waste their
precious valuable time, manual counting will not be efficient and effective. Nowa-
days, in shopping malls, there are many vending machines which save the time of
humans. The same is not followed in institutions and industries. The available paper
counting machines are huge in size and it is too difficult to handle it. Counting of
one or two papers is easy but counting many papers arises a problem and results
in tedious process involving more time also. To overcome this problem, we have
introduced a paper counting machine which will be useful for multiple applications.
The machine consists of rollers, motors and electrical devices. The sensor used will
detect the paper and the papers counted will be displayed on the LCD screen. Finally,
the result will be of high accuracy in counting of papers automatically.

Keywords Counting · Vending · Rollers · LCD screen

1 Introduction

Time is the most powerful thing in coming generations; manual work in counting
will not be efficient and effective. In places like shopping malls, the incorporation of
automation plays a vital role in delivery of different products according to the need
of customers. A vending machine is a type of machine which dispenses products or
items such as water, chocolates, tea, coffee, and cool drinks. Those kinds ofmachines
are seen in many places nowadays. These vending machines reduce the human effort
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and save the time of every human. The vending machines operate on the principle
of engineering. Automation is incorporated in shopping malls and industries but
why not in institutes [1]. There is a demand for paper counting machines in offices
and in institutes. The available invention purely lies on the principle of the field
of mechatronics [2]. The automatic paper counting machine uses Arduino which is
an embedded system for the proper required functioning of the machine. In this,
the Arduino board receives the signal and sends signals to the input pins of a LCD
display which shows the number of paper counted [3]. A sensing technology is used
in the machine to sense the entered count and to send the corresponding signals to
the Arduino board [4]. The paper counting machine is to count the paper which is
performed by using a DCmotor, paper feed mechanism, counting proximate sensors
and pre-settable timer [5]. The paper is held in a paper tray, one end ofwhich is passed
through three guide rollers. This machine is designed and developed to deliver papers
by inputting the suitable program in the system. The motto is to locate, identify, and
count papers in the output area [6]. Thus, it is proposed in this project to design and
fabricate an automatic paper counting machine, with the application of engineering
principles, so as to save the time taken and to reduce the human effort taken to deliver
the paper to the customer in required quantity and size. This machine also meets the
higher demand for paper counting at the peak time in institutes during examination
times. The machine is small in size, portable, and it is easy to handle.

2 Working Process

The concept lies on the automation area where the working or operating logic
becomes simple. It lies in the manufacturing field, information technology field,
and followed by electrical field. The machine is made with incorporating automa-
tion with the unique innovative arrangement for working. The logic involved here is
giving input (i.e., giving the count of papers) and actuating themotorswith the help of
program to process the work and terminate the motors when the count becomes null
(i.e., zero). The basic working principle is of paper counting and separating the bunch
of paper to one by one. This paper counting machine consists of roller, key button,
trays, DC motor, LCD display, and IR sensor. In this machine, initially, we insert the
papers in the feeding tray, after that input is given. The LCD displays the number
of papers. DC motor is connected to the axis of roller by using the DC clamp, with
that command makes the DC motor to rotate and count the pages as well as sort out
pages by the IR sensor’s output data [7]. Our project basically designed for counting
the A4 size paper. The rollers are mounted to the motors assembly. The roller is used
to separate the paper from bunch of papers. The rollers are rotated at different RPM
which is designated by the length of paper. The programming language used here is
C language. The programming which is done controls the Arduino microcontroller.
Finally, papers are collected by collecting tray (Fig. 1).
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Fig. 1 Simple working representation of the automatic paper counting machine

3 Algorithm

The algorithm represents the step by step procedure of the program execution (Fig. 2).
The machine comprises of mechanical and electrical elements. Input is given

as (count of papers) displayed in LCD display. The three-DC motor starts rotating
clockwise. Motor shaft is connected to rollers. The four rollers are of different sizes
used to pull the paper toward front and hence the processing starts [8]. Paper moves
in paper feeding tray (sheet metal) attached with the help of acrylic side member
which is connected with aluminum frame. The motors are actuated by using L239D
drivers with the help of Arduino. The fourth roller is connected by means of pulley
and belt with the third roller. Third roller connected to DC motor. The third and the
fourth rollers are parallel to each other helping in getting the output of the incoming
papers in the collecting tray. The IR sensor attached with the IR supporting card
above the rollers detects the paper count [9]. As per programming logic, the input
decrements (–) and if the count becomes zero the machine functioning stops (motors
off).

4 Machine Image

See Figs. 3 and 4.
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Fig. 2 Algorithm

Fig. 3 Design of paper
counting machine

5 Result

The paper counting machine is tested in institutions, reprographies for counting of
papers. By testing, it is found that the time involved in delivering the paper to the
customer is reduced. The process of obtaining the count of paper is accurate. During
peak hours, the papers were delivered efficiently. Human effort is reduced. Almost
one paper per second is obtained as an output. Thework ismade easier in themachine
and our entire objective is obtained.
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Fig. 4 Real product machine

6 Conclusion

Many automatic vending machines are available now to deliver various products, but
the counting machine to deliver bundle of paper is not available to the required need,
which is a much needed one. The study is to develop a machine to count paper at
low cost. After fabrication, the handling of this machine becomes very simple and
it occupied only less space. This machine has a capacity of counting thousands of
papers. The application of using paper is everywhere, so this counting machine can
be used to reduce the time taken and human effort with higher accuracy in counting
papers. Further improvements in this paper counting machine can be implemented
when it becomes necessary.
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Sports Prediction Based on Random
Forest Algorithm

G. Shobana and M. Suguna

Abstract The prediction of teams in sports plays an important role in today’s world.
The analysis of the team player based on past history helps users to choose players
and place the players for match. It enables users to analyze the results of sports and
predict the relevant outcome based on the tips provided. The main aim is to entertain
users and engage them in online sports applications by providing information about
previousmatches and additional details about players, such as credits, number of balls
with runs, time send on each ball, wicket placed, bowling, money earned, are made
available. It also helps us to give suggestion for choosing best player by predictive
analysis. The payment option is also made simple. User-friendly environment is
created for effective usage of the system.

Keywords User interface · Sports prediction · Credits · Random forest algorithm ·
Fixture · Betting

1 Introduction

As the technology is growing, the online sports betting has become rapidly increase
in the world. The most newly introduced betting on sports with their behavior of the
matches in football, cricket, etc. The advertisement promotes betting on sports can
be accessible anywhere with only Internet facility by using mobile itself. Placing
the matches on betting process which was held on worldwide competitors with large
events or fixture, the outcomes of betting process by winning or losing of the match.
The betting of sports with the vast area such as basketball, cricket, boxing, hockey,
baseball, auto racing, etc.

The popularity of online sports prediction has reached a greater extent. Cricket is
one of the most popular sports. As the technology is growing at a faster pace, and
the huge market in betting and huge demand for cricket has influenced the general
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population to utilize machine learning calculations to predict the results of cricket
matches. The playing can be done easily in online by using credit cards and debit
card for playing the game. Online sports gaming can be playing from home itself
from anywhere at any times thus based on consumer with convenience, the money
can be placed in online bettors account by online.

The rest of the paper is organized as follows. Literature reviews are explained.
Proposed system and their criteria are explained in Sect. 3. Experimental results are
presented in Sect. 4. Concluding remarks are given in Sect. 5.

2 Existing System

Betting of online sports such as cricket, football, poker and other games involves
placing a wager with some significance on the outcome of the games betting (2004).
The past few years playing the games in online are increased in popularity and also
provide some legal public health concerns, other jurisdictions, current legislation,
and future outlooks [1].

Online gaming involves playing with software games and result are generated
by software randomly based on some criteria. The betting on real-time matches in
online based on how players perform the match [2]. Suggestions for future research
includes: Dedicated studies based on experience in sports, experiences of young
males, exploring how sports betting industry may affect the attitude and behaviors of
risk groups [3]. Given minimal prior research on the topic, this study was considered
exploratory. It used a mixed method design involving qualitative and quantitative
elements..

2.1 Method 1

The literature review provides context for the study by outlining the growth of sports
betting inAustralia and factors that catalyzed the embedding of gambling promotions
into sport broadcasts. The types and extent of sports betting promotions are reviewed
along with the limited research examining these practices. Community concerns
about these promotions are discussed, especially in relation to previous research
on effects of gambling advertising on gambling attitudes, intentions and behaviors
[4, 5].

2.2 Method 2

Stage two aimed to explore Queensland sports viewers’ responses to gambling
promotions during televised sport and inform instrumentation for stages three and
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four. Thirty-nine regular sports viewers participated in eight online focus groups,
comprising 21 men and 18 women. Eighteen were aged 18–29 years and 21 were
aged 30–60 years, with a similar distribution of regular sports bettors (18) and non-
spots bettors (21). To accommodate the geographic dispersion of participants and
preserve anonymity, focus groups utilized blackboard collaborate, an online confer-
encing program. This allowed participants to converse in real timewhile sharing text,
images and online video content [6, 7].

2.3 Issues in Existing Systems

1. No chance to change a selected player: If a player chosen by the user, the chance
to change the player (adding substitute) is not given [8].

2. No provision of information on past records: The information about previous
match records and player statistics is not provided to the user.

3. Betting option: Only player-wise betting option is provided in existing system.
No alternative like toss-wise betting and over-wise betting are included.

4. Payment option: Payments through existing online sports betting apps seem to
be more complicated. Deposition and transaction of money through the app are
a difficult task for the users.

3 Proposed System

The prediction of the sports provides user-friendly environment. The machine
learning algorithm can be used to make prediction in real-time sports, by using
past history from the various sources about the teams [9]. It predicts which player is
best in less time consumption, high efficiency level. Each record is verified from the
sites before uploading in databases. The activity of predicting the sports results and
wagering on the outcome, analyze the sport results and predict the probable outcome
based on the provided ideas and hints. It also displays additional details about the
user data, credits and money earned.

• Prediction of winning or losing of a particular team based on information from
previous records.

• According to the game played, the betting strategies will change.
• Each user is given a chance to change player at a given time interval.
• Betting happens right from the toss up to match end.
• Equal distribution of prize money among the winners with maximum points.
• In order to make predictions, certain tips will be provided to the user (Fig. 1).

The users can choose any of the events such as (1) user can choose a currently
running match of his choice and place the bet. (2) Prediction is categorized into toss-
wise, over-wise, player-wise prediction. (3) The user can place the bet according to



996 G. Shobana and M. Suguna

Login/
Sign
up

Match
Fixtures

Prediction
based on Team,
Toss Players

Providing
Prediction
Tips to
user

Selection
of 11
players

Betting
based on
Team,
Players

Apply
Radom
forest
algorithm

,

Fig. 1 Architecture of prediction system

his choice. User has to pay the amount demanded by the app to place the bet on a
certain match. After the creation of account, the user will be provided a wallet. User
is able to use wallet for banking, transactions, depositing money and payment.

3.1 Random Forest Algorithm

Historical data about the match records and player’s performance is be fetched from
various sources. A random forest algorithm builds multiple decision trees and those
trees are combining to get better results. It can be used for both classification and
regression tasks. The importance values of each feature used are obtained using
random forest classifier algorithm and by knowing the importance of each attribute,
clustering techniques are performed to do prediction. It will be provided to the user
as prediction tips. With the help of tips displayed, the user can make wise decisions
in betting. Selecting, altering and changing a team player at a given interval time are
done in this application distribution of prize money among winners according to the
rank.
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3.2 Prediction Categories

Prediction are categorized into toss-wise, player-wise and team-wise prediction.

Selection of 11 Players
From a total of 30 players from 2 teams, 11 best players must be selected by the user
to place the best. Prediction tips will be provided to users to select the best batsmen
based on detailed analysis of best batting average and best strike rate of each player.
Tips for selecting best bowlers will be based on analysis of best bowling average and
number of wickets taken by each player. The user can select batsmen and bowlers in
ratio of 6:5 or 7:4 accordingly. The dataset is taken from prediction for cricket match
as shown in Fig. 2.

Team-Wise Prediction
For team-wise betting, comparisons between team 1 and team 2 are performed by
considering factors like toss winner, match winner and toss decision. A prediction
rule is implemented to get the count of

Fig. 2 Dataset for prediction of cricket match



998 G. Shobana and M. Suguna

• Toss won, chosen batting, match won
• Toss won, chosen bowling, match won
• Toss won, chosen batting, match lost
• Toss won, chosen bowling, match lost
• Toss lost, match won
• Toss lost, match lost of the two teams between which the match will happen.

With the help of this information, accurate prediction tips are provided to place
bet in upcoming matches are given Fig. 3 for cricket match.

Fig. 3 Toss- and team-wise prediction
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Player-Wise Prediction (Batsman)
In player-wise betting, the best batsmen is selected by prediction using the conditions:

Best_Player = ((Matches played− Innings Batted)/Innings Batted) < 0.05 (1)

Best_player = (Runs scored/Innings batted) > 40 (2)

The batsmen records which satisfy these conditions from Eqs. 1 and 2 are taken
and those batsmens are referred to users through prediction tips.

Player-Wise Prediction (Bowlers)
In player-wise betting, the best bowlers are selected byprediction using the conditions

Best_ blower = Bowlig strike rate > 0 (3)

Best_blower = Innings bowled > 10 (4)

The bowler’s records which satisfy these conditions from Eqs. 3 and 4 are sorted
in ascending order according to their bowling strike rate and topmost bowlers in list
are referred to users through prediction tips. The player-wise prediction based on
bowlers is shown in Fig. 4.

Fig. 4 Player-wise prediction based on bowlers
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4 Conclusion

As the results, sports fans increase their engagement and connect deeper with the
sport alongwith a profitable outcome in economy. The results and decision values are
obtained using random forest algorithm by doing a detailed analysis with information
from previous records and performing predictions, the most accurate results are
provided as tips to the users which will be very useful for them to place the bet and
gain profits. This will induce more interest among users in sports and people will use
it as a good tool to make money as well.
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Experimental Study on Machinability
of Metal Matrix Composite by Abrasive
Water Jets

B. Siddharthan and A. Kumaravel

Abstract The unconventional machining of ceramic reinforced metal matrix
composites is innovative. The machinability of aluminium alloy and boron carbide
metal matrix composite with the abrasive water jets is discussed here. Two discrete
proportions of Al-B4C metal matrix composites were prepared with different mesh
size, transverse rate, flow rate of abrasives and water pressure so as to distinguish the
effectiveness of the AWJ machine for possible handling of metal matrix composites
with abrasive water jets (AWJs). The penetration capability of abrasive water jets in
various cases of metal matrix composites (MMCs) was experimented in trapezoidal-
shaped aluminium boron metal matrix composite specimens which are prepared by
stir casting method. Optical micrographs of metal matrix composite tests and scan-
ning electron microscopic (SEM) examination of abrasive water jet cut surfaces
empower to clarify the trends of material evacuation by the abrasives. Examination
of results distinctly demonstrated the decision of abrasives of mesh size 80 with high
water pressure and stream rate and low transverse rate results in effective processing
of Al-B4C MMCs with AWJs.

Keywords Metal matrix composites · Abrasive water jets · Depth of cut

1 Introduction

Metal matrix composites (MMCs) are materials comprising of at least two mate-
rial constituents (matrix and reinforcement). On account of MMCs, matrix materials
are like aluminium, magnesium, titanium, etc., and other is the reinforcement mate-
rials like silicon carbide, boron carbide and alumina in different structures (particles,
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whiskers and fibres). The unconventional machining processes, especially abrasive
water jet machining plays an interesting role in the field of space vehicles and auto-
motive sectors [1]. The samples were experimented for different input parameters of
feed rate and transverse rate with fixed standoff distance. The machinability index
of the composites was determined. Srivastava et al. [2] deals with the microhardness
measurements on an aluminium alloy-based hybrid metal matrix composite with
alumina and boron carbide as the reinforcements. In this work, the composites were
machined by wire cut EDM and abrasive water jet turning process. The results reflect
that the hardness value and the residual stress of the composite show better results
when compared to wire cut EDMmachined samples. The kerf taper angle and width
were the ban to the machining of the composites. It was optimized using Taguchi’s
method by Gupta et al. [3]. The result reveals that optimizing the transverse speed
of nozzle minimizes the kerf width and taper. The carbon fibre reinforced polymer
(CFRP) composites alongwith themetallicmaterial is conductedwith 3D cutting and
2.5D cutting by Putz et al. [4]. In this case, the composite is prepared by the alterna-
tion layers of CFRP and metals for the dimensions of 2.5D and 3D machining, and it
is concluded as 3D machining were promising for maximum tolerable forces. When
a number of literatures were discussing about the testing, mathematical modelling
[5] discussed the surface integrity of the machined surfaces. In this case, aluminium,
magnesium, titanium and copper alloys were taken as the test sample materials. The
materials were reinforced with ceramics and they are machined by electro discharge
machining and were tested for microhardness and detected for surface defects. James
and Narkhede [6] experimented with CFRP and titanium and with the submerged
abrasive water and the find out that the higher the reinforcement, higher will be the
hardness and lower will be the machinability.

Hejjaji et al. [7] conducted experiments with the carbon fibre reinforced epoxy
composite specimens. The specimens were milled with abrasive water jets to study
about their impact and tensile behaviour. It is concluded that the milling depth is
purely influenced by the jet pressure and transverse speed of jet. Surface waviness
is the result of variation in the standoff distance and the machined surfaces exhibit
higher tensile strength for best machining parameters. CFRP with multidirectional
chopped reinforced composites were studied by Deepak and Paulo Davim [8], El-
Hofy et al. [9]. They experimented with the CFRP laminates with abrasive water jets
for multilaminates with varying input parameters like feed rate and standoff distance
and are evaluated by ANOVA technique. The results show that kerf width increase
with increasing pressure and standoff distance. Uhlmann amdMännel [10] modelled
titanium aluminide in ductile and brittle states and tested with abrasive water jets for
kerf cutting operations. Josyula et al. [11], James and Narkhede [6] explained about
the non-traditional method of machining the metal matrix composites using liquid
nitrogen. In this method, the liquid nitrogen is sprayed over the conventional tool
such that the wear of the conventional tool gets reduced.
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Fig. 1 Schematic view of abrasive water jet machining

2 Experimental Setup

The schematic view of the abrasive water jet machining is shown in Fig. 1. In the
setup, the water at high pressure and the abrasive particles are mixed together and
passed through the nozzle to achieve themachining [12, 13]. Themachining is carried
out in aluminium alloy with boron carbide in various proportions. The workpieces
were fabricated into trapezoidal shapes by stir casting method such that the depth of
cut d = hmax sin 35° can be estimated.

3 Process Parameters

Various parameters were utilized in the process of machining of composites by abra-
sive water jets. The input parameters include pressure, transverse rate, mesh size and
flow rate of abrasives. Depth of cut is the net output of the process.

Materials selected.

Aluminium + Boron Carbide.
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4 Experimental Procedure

4.1 Preparation of Al7075-B4C Metal Matrix Composites

Stir casting method is constantly utilized to fabricate aluminium metal matrix
composites. In stir casting technique, metal matrix composites were fabricated by
dispersing reinforcement into the matrix material in molten state by continuous stir-
ring activity and transferring it into the die and then solidified. To fabricate complex
size, metal matrix composites by stir casting process, it is least difficult and the
savviest technique to manufacture. A special shape of sample in trapezoidal shape at
35° of the objective material has been selected for trial and maximum depth of cut is
investigated by abrasive water jet pressure in the various MMC samples performed
by abrasive water jets cutting. The maximum depth of cut (h max) in the manufac-
tured composites with chosen suitable process parameters can be evaluated using
the relationship hmax = L sin 35°, where L is the slant length of cut in the wedge
shape. The metal matrix composites utilized in this examination comprise of Al7075
compound strengthened with boron carbide (B4C) particulate of 400 work sizes.
Table 1 gives the chemical composition of Al7075 alloy.

Table 1 gives the various proportions of materials in Al7075 alloy. The quantity
of Al7075 alloy and B4C required to fabricate unreinforced aluminium alloy and
5% volume level of B4C are taken by weight basic requirements. Aluminium alloy
(Al7075) were placed in gas-fired crucible and elevated to temperature of about
500 °C to melt the matrix material completely and place it in semi-solid state [14].
The boron carbide is preheated up to 400–500 °C for 60 min to remove the moisture
property by expelling the retained water molecules and different gases. The heated
matrix material at liquid state is introduced with the stirring action at 200–300 rpm
for 10 min. Degassing tablet (cupflux) is introduced into the molten mixture to expel
the slag. The preheated boron carbide particles were included into the molten matrix
material by stirring action at a velocity of 20 m/s for 10 min, and the furnace is kept
at the temperature of 750 °C. The blend is kept underneath, the 75% of the liquid
metal in crucible furnace and more than 25% at the base of furnace at this stage. This
helps the valuable to uniform distribution of the Al7075 and B4C. Figures 2 and 3
show gas-fired furnaces and the blend is transferred to the die in trapezoidal shape.

During pouring, the molten melt into a wedge shape die at the temperature main-
tained around 600 °C which was allowed to solidify in the wedge shape die. Figure 4
shows the pictorial of trapezoidal shape of casted composite specimen produced by
the stir casting process.

Table. 1. Al7075 alloy—composition

Alloy Zinc Magnesium Copper Silicon Manganese Titanium Chromium Aluminium

Al7075 5.6—6.1 2.1–2.9 1.2–2.0 0.4 0.3 0.2 0.2 87.1–91.4
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Fig. 2 Gas-fired furnace and
setup of stir casting

Fig. 3 Pouring mixture
MMCs in wedge-shaped die
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Fig. 4 Casted composite

The presence of reinforcement through the specimen was inspection by cutting
the casting at different locations and under microscopic test, tensile test, SEM and
EDAX test.

5 Experimental Method

To contemplate the impact of water jet pressure, transverse rate, abrasive flow rate
and size of abrasive particles were experimented on various specimens by utilizing
abrasive water jet machining system. The objective material was manufactured to
trapezoidal in shape. An apparatus was intended to grasp the specimens in order
to evade its dislocation during the process. In abrasive water jet machining course
of action, the stream was made to impinge the sample at a point of 90° and most
extreme depth of cut was noted. The extreme depth of cut of water stream into
the objective material was acknowledged by analyzing the sprinkling of jet. With
a standoff distance of 2 mm between the nozzle and the base material, trials were
conducted with considering the input parameters factors like water jet pressure,
traverse rate and flow rate of abrasive and mesh size of abrasives with the entire
factor being changed at various levels as shown in Table 2.
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Table 2 Process parameters

S. No Process parameters Minimum Medium Maximum

1 Size of abrasive particles (µm) 80 100 120

2 Water jet pressure (Mpa) 125 200 275

3 Abrasive flow rate (kg/min) 0.24 0.34 0.44

4 Traverse rate (mm/min) 60 90 120

5 Diamond water jet orifice diameter (mm) 0.25

6 No. of passes 1

7 Angle of cutting (degree) 90°

8 Abrasive material Calcite

9 Focusing nozzle diameter (mm) 0.75

5.1 Input Process Parameter

The machined workpiece is shown in Fig. 5. The figure indicates the wedge-shaped
workpiece in which the lines show the number of passes that the machining of the
workpiece has undergone. Totally, a series of 21 passes has been done on each sample
with the aid of ANOVA method.

Fig. 5 Photograph of aluminium work piece
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6 Results and Discussion

6.1 SEM TEST (Scanning Electron Microscopy)

The device that produces the images of the target material by utilizing the converged
light emission of the electrons is the scanning electron microscope (SEM). The
electrons emitted from the source examine and publish information about the surface
of the target specimens and their chemical compositions.

The most comprehensively strategy of acknowledgment is by secondary electrons
transmitted by particles invigorated by the electron beam. On a target surface, the
tuft of secondary electrons is commonly contained by the target, yet on a tilted
surface, the outside is mostly secured and more electrons are released. By checking
the example and recognizing the secondary electrons, an image demonstrating the
topography of the surface is made. Since the marker is not a camera, there is no
diffraction limit for goals as in optical magnifying lens and telescopes. The SEM
test of two compositions is appeared in Fig. 6a, b. The images are captured at the
magnification of 100µm. Figure 6a shows the microstructure of the pure aluminium,
which is dominantly covered with grey surface. The lines show the presence of other
constituents in the aluminium 7075 grade. Figure 6b indicates the microstructure
of boron carbide reinforced composite samples. The dispersion of boron carbide is
clearly visible at the 100 µm magnification.

Fig. 6 a Pure Al. b 5% B4C and 95% Al
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Table 3 Hardness value for metal matrix composites

Sample Hardness measurement (HV) at various
locations

Average hardness (HV)

Al7075 60.2 60.4 59.7 60.1

Al7075 + 5% B4C 64.9 65.1 64.6 64.3

6.2 Hardness Measurement

The hardness test was carried in Vickers hardness tester which has a testing load
range of 10 g–1 kg load and testing scale used is HV. The prepared samples have
undergone a load of 0.5 kgwith reside time 10 s in three locations of each sample. The
hardness value of the specimen is determined by taking the average of the hardness
values taken at multiple locations as stated in Table 3.

6.3 Tensile Test

The tensile tests were conducted on the prepared specimen and the following results
are obtained.

The above graphs 7a, b show the tensile strength of the pure aluminium alloy
cast and boron carbide reinforced aluminium alloy cast. The stress–strain curve for
the pure aluminium indicates the elastic and plastic flow of the material. When the
load is further increased the material undergoes plastic deformation and reaches the
ultimate point. At the same time, the 5% B4C reinforced aluminium composite fails
at the same loading condition, where the pure aluminium alloy yields. This is due to
the presence of reinforcement in the aluminium alloy. From the results, it is found
that the breaking load increases with increase in reinforcement. Figure 7b show that
the breaking point occurs suddenly as a result of increase in brittleness, which is a
property of composites.

Fig. 7 a Pure aluminium. b 5% B4C and 95% Al
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7 Depth of Cut

The prepared sample is machined by varying the associated input parameters. From
the experiments, it is seen that the depth of cut value decreases with increase in
mesh size of abrasives, and furthermore maximum depth of cut is accomplished with
maximum flow rate of abrasives, maximum water pressure with lower traverse rate.
These observations can be easily visualized through a three-dimensional graphwhich
is shown below.

Figure 8a–d shows the three-dimensional analysis graphs of depth of cut readings
of the pure aluminium alloy casts.

The above graphs show that the depth of cut values increase with decrease in size
of abrasive particles. Maximum depth of penetration is achieved with higher water
pressure and abrasive flow rate with low traverse rate.

Fig. 8 a Abrasive mesh versus jet pressure. b Traverse rate versus abrasive mesh. c Traverse rate
versus jet pressure. d Abrasive mesh versus abrasive flow rate
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In following graphs, Fig. 9a–d show the analysis of depth of cut on the 8% boron
carbide reinforced aluminium composite.

The above figures show the analysis of depth of penetration for MMCs (Al7075
+ 5% B4C). With decrease in the mesh size of abrasives, the depth of cut value
increases. Higher depth of penetration is achieved with higher water pressure and
abrasive flow rate with lower traverse rate. Unreinforced aluminium alloy exhibits
higher depth of cut than that of the aluminium metal matrix composite (Al7075 +
5% B4C).

Fig. 9 a Abrasive mesh versus abrasive flow rate. b Abrasive mesh versus jet pressure. c Abrasive
mesh versus traverse rate. d Waterjet pressure versus traverse rate
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8 Conclusion

From the perceptions, the results were concluded as follows: The presence of boron
carbide reinforcement in the aluminium alloy enhances the material properties like
hardness and tensile strength of the composite. The improvement is due to the brittle
nature of the ceramic reinforcement boron carbide. Depth of cut can be increased
decreasing the transverse rate of machining. Maximum depth of cut is accomplished
when the abrasive flow rate and water jet pressure are maximum. At a lower mesh
size, higher depth of cut is achieved. The abrasive size of #80, water jet pressure
of 275 psi, abrasive flow rate of 0.44 g/s and the transverse rate of 60 m/s give the
perfect machining of the composites. Pure aluminium alloy exhibits higher depth of
cut than that of the metal matrix composite (Al7075 + 5% B4C). This is because
of the reality that the higher level of boron carbide in the metal matrix composite
prompts improvement in the mechanical properties.
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Study on Effect of Deposition Thickness
on Temperature Distribution of Various
Shaped 3D Printed Components

Arundeep Murugan, Mulatu Mengistayehu, N. Ummal Salmaan,
and C. Sasikumar

Abstract In the modern-day manufacturing process most of the precision compo-
nents are made by 3D printing technique, the quality of these components is decided
by the layer deposition rate and the temperature distribution during printing. Experi-
mental investigation of temperature distribution analysis on the 3D printing machine
due to the variations of supply material thickness and heat flux produced with the
help of connected thermocouples on the 3D printer machine was carried out in this
research work. Two shapes (cube and cylinder) were used for comparison. Thickness
variations were created from 5 to 15 micron. Heat flux variations were created from
10 to 30 W. These variations were used to produce simple cube and cylinder for the
temperature distribution analysis.

Keywords 3D printer · Temperature distribution · Thickness · Heat flux · Cube ·
Cylinder

1 Introduction

3D printing is also said to be additive manufacturing (AM). It refers to processes
under computer control used to manufacture 3D objects in which consecutive layers
of substance are shaped to create an object.

Szykiedans and Credo [1] experimentally investigate about various mechanical
properties of FDM and SLA low-cost 3-D prints especially for tensile modulus. They
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mentioned mean, maximum and minimum tensile modulus of a tested various 3-D
printers materials.

Rahman et al. [2] clearly showed that the plastic ribbon feed from a huge coil
all the way through a set of moving gears to a heated barrel of an extruder of a 3D
printer head as a schematic diagrammatic representation.

Lee et al. [3] completely explained about controllable-pitch Archimedean screw
for Pico-hydropower generation design and 3D printing method. They showed prime
variables of Archimedean screw. They mentioned the fabrication process of CPAS
(Controllable-pitch Archimedean screw) and also fabricated CPAS images.

Felber et al. [4] experimentally explained about Air-Cooled Heat Exchangers
design and Modelling in 3D-Printing. They clearly mentioned geometric configura-
tion air-side microstructure, macrostructure for left side and right side respectively
and also mentioned the effect of thermal conductivity on heat exchanger volume as
a graph. They concluded that 3D-printed heat exchangers performance away from
the thermal conductivity of the printed material.

Jerez-Mesa et al. [5] described that thermal performance of easily available
open-source 3D printer (d-printer) extruder new design of liquefier (twist 3D) and
modelling with the help of FEA. They showed the self-defined and mesh defined BC
Nozzle liquefier with parts also illustrate 3D isothermal map of extruding liquefiers
and streamlines for airflow around heat sink for BC Nozzle and B-Twist3D.

Jerez-Mesa et al. [6] explained about thermal performance of a RepRap 3D printer
liquefier. They showed the segment of the geometrical domains defined in the finite
element method for joint compose the liquefier body and also section of the analyzed
BCNozzle liquefier andmaterials, viewing the diverse components. Theymentioned
the boundary conditions and initial values for the FEMofPlanar symmetry,Air inflow
surface, Air outflow surface and Embedding hole for the heating resistor also mesh
convergence study based on the minimum relative error criterion.

Günther et al. [7] explained about a variety of additive manufacturing technolo-
gies, compound filament production has freshly encouraged open-source proposal
to build up 3D printing devices capable to fulfil the needs of customers’ side.

Singh et al. [8] discussed about mathematical and systematic study of 3D printer
extruder in Fused Deposition Modelling and they create complete solid CFD model
of liquefier with PLA space filled for the computation. They showed the pictorial
representations of liquefier temperature gradient, temperature distribution throughout
the extruder of heat sink and the temperature distribution for triangular fins heat sink,
heat sink having the elliptical fin and extruder having the rectangular with elliptical
perforation fins.

Temperature distribution uniformity enhancement during casting solidification
was carried out by Mageshwaran et al. [9] using methoding process.

Kostakis et al. [10] completely discussed about the 3D printing for educa-
tional experimental usage of two schools in Greece. They showed the schematic
demonstrations of various parts.
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2 Experimental Setup and Procedure

The experimental procedure followed [11–13] as per flow chart in Fig. 1. Figure 2a
showed the Cube with sides of 40 mm and the cylinder with diameter 40 mm and
height 40 mm shown in Fig. 2b. These shapes based on [14] were selected for this
temperature distribution analysis of the 3D printer. There are three different layers of
material flow rate with three different heat flux range considered for analysis of cube
and cylinder. Temperatures weremeasuredwith the help of thermocouples connected

Fig. 1 Experimental procedure

Fig. 2 a Cylinder with diameter 40 mm and height 40 mm, b cube with sides of 40 mm
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with the printer surface and the average temperature used for analysis similar to [10,
15].

3 Results and Discussion

The measured temperature values after printing in 3D printer plotted with respect to
the time in seconds. Figures 3, 4 and 5 showed the Time versus Average temperature
plot for 10 W heat fluxes, 20 W heat fluxes and 30 W heat fluxes respectively for
cube. Also Fig. 6 clearly mentioned the Time versus Average temperature plot for
different heat flux with various thicknesses of materials supplied by the printer which
combines all the values corresponding to their conditions for cube. Figures 7, 8 and
9 without a doubt plot the graphical representation between average temperatures
and time for range for 5, 10 and 15 micron thickness of material supplied by 3D
printer respectively for cube. Temperatures range for different thickness of material
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Fig. 9 Temperatures range for 15-micron thickness of material supply for cube

supplied by the 3D printer with various heat fluxes for cube with respect to different
thickness of supplied material was undoubtedly shown in Fig. 10.

Figure 11 mentioned between Time and Average temperature for different heat
flux with various thicknesses of materials for cylinder and also Temperatures range
for different thickness of material supply with various heat fluxes with respect to
different thickness of supplied material for cylinder values were noted in Fig. 12.
The maximum and minimum average temperature values for cube and cylinder were
mentioned in Fig. 13.

4 Conclusions

By this experimental investigation of temperature distribution on the 3D printer for
two shapes produced the following conclusions.

• Heat flux and thickness of the material supplied by the 3D printer also create
influence in the temperature distribution on that for both cube and cylinder.
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• Heat flux is directly proportional to the temperature produced on the 3D printer.
• Thickness of material supplied by 3D printer is directly proportional to the

temperature produced on the 3D printer for both cube and cylinder.
• Maximum average temperature reached on the 3D printer for 15 micron of thick-

ness material supplied with 30 W of heat flux and also the minimum average
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temperature reached at 5 micron of thickness of material supplied and 10 W of
heat flux after fabrication for both cube and cylinder.

• The cube has the maximum average temperature values when compared to
cylinder similarly, cylinder has the lower average temperature values when
compared to cube for the same conditions.
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Computer-Aided Thermal Control
System of 3L-ANPCI Using LabVIEW

E. Sarangapani, N. Narmadhai, and C. Kokila Vani

Abstract In this paper, computer-aided (IoT) thermal control system of three-level
active neutral point clamped inverter (3L-ANPCI) was proposed using LabVIEW.
The Internet of Things (IoT) allows objects to be sensed or remotely controlled
through existing network, creating opportunities to incorporate the physical world
more deeply into the computer-based system. In addition to reducing human inter-
vention, this results in improved efficiency, reliability and economic benefit. In many
applications such as a PV network, active neutral point clamped inverter is the most
desirable inverter topology due to the equal distribution of losses for switches. This
topology helps the capacitors to achieve voltage balancing. The goal is to control
the temperature of the junction and protect the system’s uneven switching losses.
LabVIEW is commonly used as an industrial monitoring and control system inter-
face. Multisim can be used to co-simulate the three-level neutral point clamped
inverter. The inverter input SPWMpulse can be supplied fromLabVIEWtoMultisim.
The results of the simulation are confirmed by those derived from a mathematical
calculation. The analysis of both tests verifies the reliability and validity of the IoT
temperature monitoring from the specific IP address.

Keywords Internet of Things (IoT) · NPC inverter · ANPC inverter · IOT control ·
Junction temperature

1 Introduction

For over 25 years, multilevel structures have been studied and are an insightful
solution for linking serial switches. The inner switches and the two clamp diodes take
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the role of the middle switches in the three-level stacked cells structure. The concept
of the 3L converter with flying capacitors was later introduced by another invention.
The design of static converters must ensure that the temperature of the junction
for the power devices will not exceed acceptable limits in all different operating
conditions. Power devices junction temperature is at result of losses in switching
and conduction. The increased level of equal distribution of temperature between
semiconductor and junction allows for a subsequent hike in the output power of the
converter or results in increased frequency of switching. The unequal distribution
of losses among semiconductors is a major drawback to the structure of three-level
neutral point clamped inverter. A better balance of total power system losses has been
achieved through the use of topologies: three-level active neutral point clamped and
three-level stacked neutral point clamped inverter. The paper compares the three-level
neutral point clamped inverter and three-level active neutral point clamped converter
performance. Such converters’ switching states are also examined, and their effect
on the power system loss balance is clarified. The results of the MULTISIM and
LabVIEWconduction and simulation are shown to verify the switching state analysis.

2 Comparison of Existing System with Proposed
Methodology

2.1 Neutral Point Clamped Inverter

NPC [1]-style multilevel inverters play a vital role in power electronics and are
commonly used in various industrial and commercial applications because they have
low electromagnetic interference and significantly high performance (Fig. 1).

Fig. 1 Neutral point
clamped inverter
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Fig. 2 Active neutral point
clamped inverter

2.2 Active Neutral Point Clamped Inverter

For high-power, medium-voltage applications, the three-level neutral point clamped
inverter [1] is widely used. The NPC inverter’s main downside is that the switching
failure will not be distributed evenly among the switches. The effective neutral point
clamped switches were proposed to solve this problem [2].

For high-voltage applications, the active neutral point clamped inverter (ANPC)
[2] is suitable. It is a combination of a multilevel inverter clamped neutral point. This
is achieved by replacing clamping diodes with semiconductor switches, with proper
selection of switching states controlling voltage balancing across condensers. The
three-level ANPC multilevel inverter is as shown in Fig. 2. A single leg per phase
of three-level ANPC inverter is made of six bidirectional switches, each switch
composed of IGBT and antiparallel diode. Switches are grouped into three commu-
tation combinations (S1, S1′), (S2, S2′) and (S3, S3′) as a complementary of switch
pair. Thus, if one switch from complementary switch pair is turned on, the other of
the same pair must be in off condition. Two switches are always turned on at the
same time. State “1” means switch is ON, and state “0” means switch is OFF.

2.3 Control Technique for Three-Level ANPC MLI Point
Clamped Inverter

PWM technique is used for inverter output voltage control [3]. The switching signal
is created in pulse width modulation technique by comparing the basic reference
signal with the carrier wave of the appropriate switching frequency. The reference
signal frequency defines the frequency of the basic output wave, and the modulation
index is determined by its amplitude. There are various PWM schemes available for
controlling multilevel inverters. Among all SPWM [3] are selected for ANPCMLI
control, further classified as phase disposition, phase opposite disposition and alter-
nate phase opposite disposition SPWM. Two triangular carrier signals are required
for three-level active neutral point clamped inverter. The carriers are expected to
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Fig. 3 IGBT thermal
module

have the same frequency and high to low amplitude. The carrier is compared to the
modulating signal at each moment. Every comparison switches the switch ON and
is greater than the triangular carrier signal assigned to the switch. SPWM control
signal for three-level ANPC is presented in Fig. 3 [4].

2.4 Switching Sequence

Complementary [5] switch pair presents in each phase (S1, S1′), (S2, S2′) and (S3,
S3′), and gating signals S1′, S2′ and S3′ are generated by inverting S1, S2 and S3.
Carrier-1 generated pulses are given to cell-1 and carrier-2 generated pulses cell-2.

2.5 Junction Temperature

Power electronic switches are essential components of electronic power converters
and work in thermally Strengthy environments. A power semiconductor’s junction
temperature [6] directly affects its power loss and is eventually related to various
mechanisms of failure. Therefore, knowing this temperature is important for purposes
of optimal operation and reliability. If the Tj is known during a converter operation, it
is possible to build real-time conditionmonitoring and active thermal control systems
to improve systemperformance.DirectTj measurements are difficult to performsince
the power semiconductor is usually encapsulated in a variety of packaging materials.
In fact, a semiconductor’s electrical activity is highly temperature-dependent. If this
relationship is established, it is possible to monitor the system’s electrical parameters
and use them to calculate the Tj.
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2.6 Conduction Losses

The conduction losses [7] are the sum of the conduction loss in IGBT [7] and diodes,
which are determined by static characteristics of the devices. The total losses consist
of conduction losses

PCON and swit PTOTAL = PCON + PSW (1)

Pcon,T = vT.I
con,T
avg + rr.

(
I con,Trms

)2
(2)

Pcon,D = vD.I con,Davg + rD.(I con,Drms )2 (3)

VT = Vo,T + KV,T
(
Tj,T − Tθ

)
(4)

where VD, rt and rD in (3), (4) can be described as follows,

VD = Vo,D + Kv,D
(
Tj,D − Tθ

)
(5)

rT = ro,D + Kv,T
(
Tj,D − Tθ

)
(6)

rD = ro,D + Kv,D
(
Tj,D − Tθ

)
(7)

Switching losses PSW as expressed below.

2.7 Switching Losses

Total energy losses from switching are obtained in IGBTs and diodes as a sum of
energy losses during switches on and off. The losses of switching can be expressed
by the equation below [8].

PSW,T/D = 1

2π

(α2 − α1)

2π

α2∫
α1

fSWESW,T/D (ic)d(ωt)
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Table 1 Switching sequence

S/W S1 S2 S3 S4 S5 S6 O/P

V1 1 1 1 0 0 0 VDC/2

V2 0 1 0 1 0 0 0

V3 0 1 0 1 0 1 0

V4 0 0 1 0 0 1 0

V5 1 0 1 0 1 0 0

V6 0 0 0 1 1 1 −VDC/2

3 Results and Discussion

3.1 Simulation Circuit for 3L-ANP Inverter

The three-level neutral point clamped inverter was designed in Multisim [9]. The
Multisim-designed circuit simulation diagrammatic representation is shown in Fig. 3.
The power circuit was simulated in Multisim. The input pulses are given from the
LabVIEW simulation for all switches. It is operated on the basis of Table 1 switching
series. The sinusoidal pulse width modulations are shown in below Fig. 7. Initially,
three levels can be represented for Vdc/2, o, −Vdc/2. The zero-voltage level can be
applied to directly connect to the ground for the losses of the switching transmission
[10]. The sinusoidal and triangular waves are compared, and it is possible to compare
both the waveforms to obtain a three-stage output.

3.2 IGBT Thermal Module

Power semiconductor switches are key components of electronic power converters
and operate in thermally stressful environments [11]. A power semiconductor’s junc-
tion temperature directly affects its power loss and is ultimately related to various
mechanisms of failure. Therefore, knowledge of this temperature is critical for
optimal operation and for reasons of reliability. If the temperature of the junction is
knownduring the operation of a converter, it is possible to develop real-time condition
monitoring and effective thermal control systems to increase process performance.
It is difficult to perform direct measurements of the junction temperature as the
power semiconductor is usually encapsulated within a range of packaging materials.
Alternatively, a semiconductor’s electrical behavior depends largely on temperature.
This above thermal module represents the values which are Tjd and Tjq are junction
temperature and case temperature of IGBT. The IGBT thermal model notations are
Tj and T c, this is the most important part of IGBT thermal characteristics [12]. The
notations represent Tj = Junction temperature of IGBT. Tc = case temperature of
IGBT (Fig. 4).
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Fig. 4 Simulation of power circuit diagram

Fig. 5 LabVIEW sinewave
generation circuit

3.3 Inverter Pulse Generation

The inverter pulses can be given from LabVIEW because, in order to overcome
control from LabVIEW [4], Multisim does not provide individual modulation index
control. LabVIEW is a good setting to design a modulation of the sinusoidal pulse
width. The sinusoidal pulse width modulation LabVIEW simulations are shown in
below Fig. 5. This is the 3L-ANPC inverter one leg pwm control structure. Initially,
three levels can be represented for Vdc/2, o, −Vdc/2. Reference is sinusoidal, and
carrier is triangular wave; both the waveforms can be compared; we will get a three-
level output pulses.

3.4 Sinewave Generation Circuit

The below simulation circuits are sinusoidal waveform generation. The input param-
eter of modulation index value is 0.9, frequency 50 Hz, phase 0, 120, 240 and
simulation time. Simulation time is common for the overall system [13].
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Fig. 6 Triangular wave
generation circuit

3.5 Triangular Wave Generation Circuit

It is similar to above simulation circuit, but little bit variation because triangular
wave generation simulation circuits are 1 KHz frequency and remaining values are
common for sinusoidal wave generation (Fig. 6).

3.6 Inverter Input SPWMWaveform

Figure 7 shows the three-phase reference (sine) and carrier (triangular) wave compar-
ison. The comparison output can be given to the inverter. Figure 7 shows that left-
side waveform is inverter input pulse and right-side waveform is comparison output
waveform.

The junction temperature variation output waveform is shown in below Fig. 8 The
neutral point clamped inverter majorly used for medium-voltage application like a
600 and above voltage ranging industries. The inverter initial junction temperature

Fig. 7 Inverter input pulse comparison output waveform
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Fig. 8 Junction temperature variation output

Table 2 Different junction
temperature values

S. No. Input supply Junction temperature

1 600 123.5

2 620 124.2

3 630 125.1

4 640 125.8

rating is 125 °C [14]. Simulation circuit different load values based on the related
junction temperature are shown in Table 2 (Fig. 9).

Fig. 9 Junction temperature variation
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4 Conclusion

Thus, the computer-aided thermal control system of three-level active neutral point
clamped inverter using LabVIEW is presented in this paper. The existing system is
facing uneven distribution losses among the NPC inverter switches. To overcome this
problem, the proposed system of ANPC inverter can be implemented with the help of
Multisim. Finally, the inverter switching junction temperature can be monitored by
LabVIEWweb publishing tool (IoT), and it can be simulated and tested successfully
by using software tools LabVIEW and MULTISIM.
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Experimental Investigation
and Optimization of Machining
Parameters of Aluminum Composite
Material

K. Ramachandra Raju , G. Senthilkumar, D. Deepakraja, M. Vignesh,
S. K. Surya, and G. Vivek

Abstract Machinability contribution to manufacturing is significant and its role
for optimum has to be determined. Aluminum particulate reinforced compound has
demand in some growing fields such as automotive, aircraft and locomotive indus-
tries. The research work focuses on machinability and optimization of machining
parameters on Aluminum 6063 alloy reinforced with silicon carbide known as
aluminum compound. Three specimens A, B, C reinforced with silicon carbide 3%,
6%, and 9%, respectively, were fabricated using stir cast. For each specimen, 13
experiments were conducted with varying input parameters such as speed, feed,
and cutting depth in CNC vertical machining center using 10 mm end mill cutter.
The recorded output responses are surface roughness and material removal rate.
Using Design-Expert software’s RSM method, number of runs and regression equa-
tions were decided. The Turbo C program utilized and carried out the sorting of
output measurement. The more focus is laid on the significance of machinability.
The objective is to enhance parametric optimization using particle swarm optimiza-
tion (PSO) method to calculate the fitness value corresponding to speed, feed, and
cutting depth. TheMultiobjective optimization of the input parameters obtained from
particle swarm optimization found to have optimum to measure the output responses
of surface finish process and output responses of material removal rate of the both
are compared.

Keywords Particulate reinforced composite milling forces · Surface roughness ·
Machinability · Particle swarm optimization
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1 Introduction

Israelites using clay bricks and lined with straw are an early example of compos-
ites technology [1]. A composite generally defined as the combination of two or
more macro-scale components with two or more distinct phases with recogniz-
able interfaces between them. Composites are commonly used for their structural
properties where the most commonly used reinforcing component is in particulate
or fibrous form, and therefore the above definition can be limited to such systems
containing a continuous/discontinuous fiber or particle reinforcement, all in a contin-
uous supporting core phase, the matrix [1]. There are two phases that have contin-
uous character namely matrix phase and primary phase. The second phases are rein-
forcement phase that is imbedded in the matrix in a discontinuous form. Composite
efficiency depends on matrix and strengthening properties, size and distribution of
constituents [2].

An evolutionary optimization technique includes single-pass SA, GA, and PSO,
multi-pass turning and surface grinding. Input parameters are number of passes,
cutting speed, feed and depth of cut, whereas output parameters are production cost
and removal rate. Concluded that PSOmeets this condition problem thanGA and SA,
since there is low number of iterations [3]. Alumina reinforced aluminum corrosion
actions 6063 metal matrix composites. The influence of alumina volume percent and
solution heat-treatment in salt water, basic, and acidic environments on the corrosion
behavior of Al (6063) composites and their monolithic alloy. Al (6063) composites
containing 6, 9, 15, and 18% of volume, and alumina were developed by using two-
step stir casting [4]. Optimization of the end milling parameters and SiCp spindle
speed and content was found to have greater influence on tool flank wear in end
milling of LM25 Al/SiCp MMC, followed by feed rate. Tool flank wear is less influ-
enced for depth of cut [5]. Estimation of optimum values of process variables such
as speed, feed, and depth of cut, whereas the metal removal rate (MRR) and tool
wear resistance were taken as the output [6]. Flexibility and reliability in the design
of possible components depend on the reinforcement’s combination and composi-
tion [7]. Particle swarm optimizations (PSO), a novel optimization algorithm for
cutting parameters optimization (CPO), were discussed. Cutting experiment without
and with optimized cutting parameters was conducted to demonstrate the effective-
ness of optimization, respectively [8]. In order to minimize or maximize machining
efficiency using current trend algorithms, researchers often consider process param-
eters such as cutting speed, depth of cut and radial rake angle [9]. Behavior of
aluminum alloy reinforcedwith silicon carbide and alumina for different weight frac-
tions produced by stir casting technique was studied and their results showed their
effectiveness [10]. Increased reinforced percentages and sizes raise surface rough-
ness. Cutting forces were much larger for tungsten carbide tools than PCD tools due
to the formation of BUE [11]. Surface roughness increases first and then decrease
with the increase in cutting speed [12]. Predicted surface roughness of fine turning
using central composite experimental design [13]. Surface roughness on the thermo-
electric behavior of friction clutches, developed axisymmetric finite element model
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Table 1 Composition of Aluminum 6063 alloy

Si Fe Cu Mn Mg Zn Cr Ti Al

0.45 0.22 0.02 0.03 0.50 0.02 0.03 0.02 Balance

for a single-disk clutch system [14]. Optimized machining parameters for α–β for
abrasive water jet machining [15]. Used ANN approach to predict drilling-induced
thrust force and torque [16]. Cryogenic machining of stainless steel revealed feed
rate is the most influencing process parameter on the performance characteristics
[17].

Literatures reviewed are indicative that multiobjective optimization of milling
machinability of Al6063 with SiC reinforced composites are limited. The present
work uses particle swarm optimization to improvemachinability ofmilling operation
parameters speed, feed, and depth of cut for roughness and material removal rate.

2 Materials and Methods

2.1 Materials

The materials used in this study are 6xxx series aluminum alloy 6063 (6061, 6063)
containing approximately the proportions needed for magnesium silicide (Mg2Si)
formation,making themheat treatable. Although not as strong asmost 2xxx and 7xxx
alloys, 6xxx series aluminum alloys have superior formability, weldability, machin-
ability, and relatively good resistance to corrosion, withmedium silicon carbide (SiC)
resistance. It is a silicon-carbon compound with chemical formula SiC Aluminum
6063 alloy as a matrix and SiC as reinforcement. Aluminum 6063 alloy composition
is shown in Table 1.

2.2 Stir Casting

Themelting was carried in an induction furnace in a range of 760± 100 °C. A forced
draft fan with 02 H.P, 2820 rpm motor was used to provide the necessary amount of
air. Scraps of aluminum were preheated up to a temperature of 500 °C and silicon
carbide particles in the core drying oven to a temperature of 200 °C. Die used as
mold was also heated up to 200 °C.

The stir caster was mounted on the furnace with the help of links. The stirrer is
used to agitate the liquid metal. The stirrer positioned such that 35% of material to
be below the stirrer and 65% of material above the stirrer. Figure 1 represents cast
composite from the stir casting setup. The molten composite is poured inside the die
cavity which has graphite coating and the open view of the mold cavity.
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Fig. 1 Composite cast
sample

2.3 Machining

Unwanted piece of metal work removed in the form of chips is called machining. The
method ofmachiningwill form theworkpiece desired and usually donewithmachine
and cutting tools [5]. Machinability studies have acquired greater importance in the
area of composite.

End milling is commonly utilized in automobile and aerospace industries where
quality is an important factor in manufacturing of slots, pockets, and molds/dies.
End mills are used in milling applications like profile milling, tracer milling, face
milling, and plunging. The end mills are used for light operations like cutting slots,
precise machining of holes, producing narrow flat surfaces, and for profile milling
operations [6].

Totally nine specimens are obtained from three cast composite specimens, named
A, B, C with 240 mm height and 30 mm diameter of the above-mentioned compo-
sition. Figure 2 shows computer numerical control vertical milling center used for
machining such as slots, profile, and present work involves taking a slot.

2.4 Design of Experiment

Experiments design is a systematic method for obtaining the most reliable results
with minimal wastage of time/money and refining the procedures and identifying the
most important factors that can require various experiments.

The Box–Behnken design fills out a polyhedron, approximating a sphere for three
factors (13 runs). Figure 3 shows machining of the specimen carried out in the
presence of coolant and the time for machining was noted with the help of stopwatch,
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Fig. 2 CNC VMC 45 chetak

Fig. 3 Machining of the
specimen

whereas Fig. 4 shows the machined specimen A, B, C, these specimens, similarly,
there are nine individual specimens. Figures 5 and 6 representmachined specimen for
surface roughness testing and Mitutoyo SJ 400 computer control surface roughness
measuring system, respectively.

Fig. 4 A, B, C specimen of
3, 6, 9% of SiC
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Fig. 5 Machined specimen

Fig. 6 Surface roughness
tester

3 Result and Analysis

3.1 Experimental Work and Results

The input parameters used for recording the output responses, which are optimized
in particle swarm optimization. The output response is surface roughness and metal
removal rate. The specimen A, B, C with 3%, 6%, 9% of SiC, respectively, had 13
experiments conducted. Table 2 represents the measurement of responses for which
the experiments are conducted.

3.2 Mathematical Model

Design-Expert 7.0 evaluation software aids to understand, evaluate the effects of
parameters and their interacting effects on the response. The aim of the work is to
simultaneously optimize surface roughness and material removal rate. The predicted
regression equation responses are shown below for specimen A.
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Response Y = f (A,B,C) (1)

Ra = +0.4973 + 0.00016625 ∗ A − 12.93875 ∗ B

− 0.19222 ∗ C + 0.000655 ∗ A ∗ B

+ 0.0001075 ∗ A ∗ C + 2.91 ∗ B ∗ C

− 0.0000000519 ∗ A ∗ A

+ 201.5 ∗ B ∗ B − 0.0158 ∗ C ∗ C (2)

MRR = 4180.19175 + 1.92385 ∗ A + 74033.575 ∗ B

+ 2159.31575 ∗ C + 48.35345 ∗ A ∗ B + 1.26678 ∗ A ∗ C

+ 68754.95000 ∗ B ∗ C − 0.0015248 ∗ A ∗ A − 317274 ∗ B ∗ B

− 1847.099 ∗ C ∗ C (3)

Similar for specimen B, C, the regression equation is obtained.

3.3 Particle Swam Optimization (PSO)

Optimization is a discipline of adjusting the process parameters without violating the
constraints. Response surface methodology can be applied, especially where several
responses have to be simultaneously optimized. The behaviors of bird flocking are
simulated by optimization of particle swarm. Suppose the following scenario: A
group of birds are randomly searching food in an area. In search area, there contains
only one piece of food. Not all birds knowwhere the food is available. But they know
how far the food is in each iteration. So what’s the best strategy to find the food?
The effective one is to follow the bird, which is nearest to the food. PSO understand
from the situation and used it to solve the optimization problem. In PSO, each single
solution is a “bird” in the search space, called as “particle.” All the particles have
fitness values that are measured by the fitness function and speeds that drive particle
flight. The particles are “flown” through the problem space by following the current
optimum particles [3]. The implementation of PSO is very simple and needs only a
few lines programming code [9].

PSO is an evolutionary computing technique inspired by bird or fish schooling
social behavior, developed by Eberhart and Kenedy in 1995. In PSO, there are three
parameters considered: W, C1, and C2 where C1 and C2 where the cognitive and
social parameter andw is weight of inertia. The particle associated with best solution
is called leader and it is based on fitness value of function. Each particle keeps track
of its coordinates in the problem space (search space). One more value considered in
this technique is referred as “gbest” (also known as global best). Following equations
are very important in PSO.
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Vi + 1 = WVi + C1r1(Personal Best − Xi ) + C2r2 Gobal Best − Xi ) (4)

Xi + 1 = Xi + Vi+1 (5)

In the above equation,Vi+1 is denoted by newvelocity for each particle based on its
previous velocity and r1, r2 are the randomnumbers in the range between three ranges
such as speed from 500 to 1000 rpm, feed from 0.1 to 0.3 mm/rev, and depth of cut
from 2 to 4 mm. It is a relatively emerging and very fruitful technique for continuous
and nonlinear functions optimization. It is not only very easy to implement computer
codes in few lines but it also gives very promising result. The program code is written
on platform Turbo C. The calculation time is under 5 s. The result could be retrieved
in a very short time so it is very easy to apply and a technique to save time.

3.4 PSO Algorithm for Optimization Problem

Step 1 Initialize each particle.
Step 2 Calculate the fitness value for each particle. If the fitness value is better than

best fitness value (pbest) in history, set the current value as the new ‘pbest’.
Step 3 Choose the particle with best fitness value of all the particles as the ‘gbest’.
Step 4 For each particle calculate the particle velocity.
Step 5 The termination criterion is maximum number of iterations or condition.

Based on this PSO algorithm, the following conclusions may be drawn from the
optimization results of the PSO program. Table 3 shows the results for the three-
aluminum specimen of particle swarm optimization. The values obtained by using
the PSO algorithm correspondingly provide to satisfying the objective of the problem
without violating the constraints. In the economics of machining, cutting parameters
play a major role [8]. Thus, the particle swarm optimization seems to be a promising
technique for optimizing the machining parameters like speed, feed, and depth of cut
for recording the output responses such as surface roughness and material removal
rate. The platform of work done is in the Turbo c, using Code Blocks.

Particle fitness equation developed in PSO, the optimal machining parametric
combination was found varying for specimens based on their reinforcement weight

Table 3 Optimized results of A, B, C specimens

Specimens Speed (rpm) Feed rate
(mm/rev)

Depth of cut
(mm)

Material
removal rate
(mm3/min)

Surface
roughness
(μm)

A 546 0.20 2.41 1210.73 0.408

B 642 0.27 2.23 1193.21 0.528

C 720 0.38 1.06 726.15 0.535
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Table 4 Confirmatory test

Specimens Speed (rpm) Feed rate
(mm/rev)

Depth of cut
(mm)

Material
removal rate
(mm3/min)

Surface
roughness
(μm)

C 720 0.38 1.061 729 0.55

percentage. The specimen B effect was proportional because of increase in addition
of silicon carbide percentage, which is about 6%. It showed the higher hardness than
the previous specimen did which is known from the surface roughness and material
removal rate. Increase in silicon carbide to 9% found challenging in the casting.
The specimen stirring time needed to increase from 15 min to greater extent. This
ensured a better wettability and proper mixing of the silicon carbide with the matrix
and other reinforcement. The 9% SiC needed a better speed, feed, and depth of cut
compared to other two specimens. The speed increased gradually but the feed rate
varied indifferently and depth of cut decreased showing the effect of SiC content in
the composite.

Table 4 shows the confirmatory test that was conducted for specimen C to check
the performance of PSO, proved to be efficient and obtained near results.

4 Conclusion

The preparation of three specimens with varying matrix and reinforcement (Al 6063
with silicon carbide) for was found successful through stir casting. The specimen
with 3%, 6%, and 9% was prepared.

• In this research, the effects on surface roughness and material removal rate for
Al/SiCp MMC of process parameters spindle speed, feed rate, depth of cut, and
various percentage weights of silicon carbide were systematically studied.

• Theparametric optimization is done to assess goodmachinabilitywith prime focus
as less surface roughness, without compensation of material removal rate. This
lead to exploring particle swarm optimization technique with objective function
framed as particle fitness, and it value is mapped for the obtained particle fitness
and corresponding speed, feed, and depth of cut are noted to enhance the output
responses.
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FEM and Execution Analysis
of Hardfaced Aluminium Alloy Impeller

C. Ramesh, P. Prakash, P. Sankar, and R. Prakash

Abstract An impeller is a pivoting segment of divergent pump, generally made
of cast iron materials used in domestic applications that have low hardness value,
impact strength and low wear resistance, which reduces the life of impellers. Due
to poor wear resistance, the impeller has to undergo maintenance for every short
interval of time. The other problem faced is the weight of impellers made of cast
iron, which reduces the performances of the impeller. So as to improve life, impact
strength, wear resistance, and performance, an alternate material is suggested using
hardfaced aluminium alloy (6012). The alternate material for the existing impeller
is selected, and the investigation on hardfacing is carried out for different grades
of coating to increase the hardness, wear resistance, and life of the impeller. Then,
the performance of the new material hardfaced aluminium impeller performance
analysis can be carried out via erosion test and comparison between two materials.
Von Mises pressure dispersion can be determined. In a planned way, the blended
stream pump impeller having inclined inlet blade situating (case-I) in the meridional
annulus is getting lesser twisted than the trapezoidal cutting edge situating (case-II)
which itself connotes that the impeller with delta slanted sharp edges situating is a
superior decision than the other one.

Keywords Hardfacing · Pump impeller · Aluminium alloy (6012) impeller ·
Meridional annulus · ANSYS · Von Mises stress · Blade

1 Introduction

An impeller is a turning fragment of different pump, which moves imperativeness
from the motor that drives the pump to the fluid being pumped by animating the fluid
outwards from the point of convergence of rotating [1]. The impeller made out of
cast material, all things considered, maybe called rotor, also. It is more affordable
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to cast the winding impeller straightforwardly in the assistance it is fitted on, which
is set moving by the gearbox from an electric motor, consuming engine or by the
steam-driven turbine. The number of vanes will influence productivity when all is
said in done more vanes are increasingly effective [2]. Additionally, the quantity of
vanes influences the steepness of the trademark bend; see outward siphon tips for a
chart on this impact [3]. The number of vanes will affect the efficiency in general
more vanes are more efficient. Also the number of vanes affects the steepness of
the characteristic curve; see centrifugal pump tips for a graph on this effect. An
impeller with a high number of vanes reduces the amplitude of the pressure pulses
that are caused as the impeller tip passes by the cutwater [4]. In certain applications,
these pressure pulses are undesirable such as a paper machine head box pump which
typically will be a double suction type with 4 or more vanes [5]. The head box is
a large specialized nozzle that feeds a continuous stream of low consistency pulp
on a travelling wire mesh which after drying produces a wide paper web [6]. If the
pressure pulses are too high compared to the average, there will be a variation in the
paper density which may affect printing quality and other operational factors [7].

2 Problem Identification

2.1 Impeller Troubleshooting

Problem causes and remedies of the impeller are mentioned in Table 1

3 Materials and Methods

Here the pump impeller has been coated with NiMo material in the process of
Hardfacing.

Table 1 Impeller troubleshooting

Problem Causes Remedies

Pieces missing from cutting
edges tips particularly in the
focal point of the impeller.
Edges look hollowed out or
eaten away. Pitting on parts of
the bargains of the impeller or
all. The end faces hard,
cleaned, broke, similar to
carbon [8, 9].

Cavitation, for example, an
excess of vacuum at the pump
bay, liquid bubbles locally. Dry
running normal finish of
valuable life. A wrinkle on the
trailing side of every sharp
edge can likewise show over
the top weight

Decreases pump speed
Improving the bay pipe
diameter. Reduce inlet pipe
length and restrictions.
Improving the bay pipe
diameter
It decreases the pressure and
pumps speed
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3.1 Hardfacing of Impeller

Impeller consisted of a three-piece bolted structure. It consolidated a circle, separate
sharp edge and spread. The cutting edge was bolted to the plate by constructing
agents, and a spread was then bolted to the sharp edges. Hardfacing is employed in
aluminium alloy (6012) impeller. The assemblers and the blades are hardfaced using
the TIG 410NiMo electrode [10, 11]. After hardfacing, the surface was machined to
obtain a higher degree of smoothness by fettling or trimming process. Finally, the
impeller has been assembled—blade was bolted to the circle by constructing agents,
and a spread was then bolted to the blades. Hardfacing is carried out as per the TIG
welding specifications [12].

The material properties of the existing material cast iron are compared to the new
material hardfaced aluminium alloy. In this comparison, the material properties of
the hardfaced aluminium alloy have the high values to the existing material cast iron
[13].

4 Performance Analysis of Impeller

For material analysis, two materials cast iron and hard-faced aluminium alloy (6012)
were considered. The materials properties are given in Table 2.

4.1 Material Analysis

Hardfaced aluminium alloy (6012) was tested for mechanical properties for different
coating thicknesses (1, 2, 3 mm) in the material of TIG 410NiMo material. In this
coating process, 3 mm thickness is having improved mechanical properties, which
is related to the material analysis of the impeller. The results are referenced from the
paper [14].

Table 2 Material properties
of cast iron and hard-faced
aluminium alloy (6012)

Material Cast iron Hardfaced aluminium alloy

Young’s modulus 120 GPa 89 GPa

Poisson ratio 0.3 0.2

Density 7.2 g/cm3 4.886 g/cm3

Thermal expansion 46 µm/m K 21.6 µm/m K

Specific heat 450 kg K 810 kg K
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Table 3 Mesh properties of cast iron impeller

Mesh Element family Elements Nodes

Cast iron: PSOLID1, Iron_Cast_G25

3d_mesh(1) Tetra4 3468 1210

Table 4 Load values of cast iron impeller

Step name Number of referenced loads Loads

Subcase—Static
loads 1

1 Hydrostatic (1) Type Hydrostatic

Solver card
name

PLOAD4

Layer 1

Applied to 14 Polygon face

Description

Liquid surface

Liquid density 1e−006 kg/mm3

Gravitation
constant

9810 mm/s2

Surface
pressure

1000 N/mm2 (MPa)

4.2 Stress Analysis of Cast Iron Impeller

ANSYSsoftwarewas used for the analysis, Tetra4 elementwas chosen formeshing—
considering the element size as 4.25 Kumar et al. [15], meshing properties of the
cast iron impeller given in Table 3 and the loading conditions are given in Table 4
and also the stress distribution of cast iron impeller shown in Fig. 1.

4.3 Stress Analysis of Hardfaced Aluminium Alloy (6012)
Impeller

ANSYS software was used for the analysis, Tetra4 element was chosen for meshing,
considering the element size as 4.25 Kumar et al. [15], meshing properties of the
hardfaced aluminium alloy (6012) impeller given in Table 5 and the loading condi-
tions are given in Table 6 and also the stress distribution of aluminium alloy (6012)
impeller shown in Fig. 2.
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Fig. 1 Stress distributions of Cast iron impeller

Table 5 Mesh properties of hardfaced aluminium alloy (6012) impeller

Mesh Element family Elements Nodes

Alu: PSOLID1, Aluminum_6012

3d_mesh(1) Tetra4 3468 1210

Table 6 Load values of hardfaced aluminium alloy (6012) impeller

Step name Number of referenced loads Loads

Subcase—Static loads 1 1

Hydrostatic(1) Type Hydrostatic–Hydrostatic

Solver card
name

PLOAD4

Layer 1

Applied to 14 Polygon Face

Description

Liquid
surface

Liquid
density

1e−006 kg/mm3

Gravitation
Constant

9810 mm/s2

Surface
pressure

1000 N/mm2 (MPa)
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Fig. 2 Stress distributions of hardfaced aluminium alloy impeller

4.4 Blade Position Analysis

The plan parameters, as an example of sharp edge edges, camber points, stun edges,
harmony measurements, were determined at various segments along the cutting-
edge length for two diverse edges situating in the meridional annulus [16, 17]. For
modelling both the blade positions, the blade angle can be calculated from hub to tip
are varied, spanwise variety of cutting-edge plots for channel slanted edge position
and trapezoidal sharp edge situating in the meridional annulus are analysed and
the stress distribution of various blade positions are shown in Figs. 3 and 4. Mesh
properties and load values of the inclined blade position are discussed in Tables 7
and 8.

4.5 Stress Analysis of Trapezoidal Blade Position

For modelling both the blade positions, the blade angle can be calculated from hub to
tip are varied, mesh properties of trapezoidal blade position impeller given in Table
9 and the load conditions of that impeller given in Table 10.

5 Results and Discussion

Performance analysis of a mixed flow pump impeller was carried out in two aspects;
one is based on the selection ofmaterial for the existingmaterial cast iron, and another
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Fig. 3 Stress distributions of inclined blade position

Fig. 4 Stress distributions of trapezoidal blade position
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Table 7 Mesh properties of
inclined blade position

Mesh Element family Elements Nodes

alu: alu, Aluminum_6012

3d_mesh(1) Tetra4 2343 840

Table 8 Load values of inclined blade position

Step name Number of referenced
loads

Loads

Subcase—Static loads 1 1

Hydrostatic(1) Type Hydrostatic

Solver card name PLOAD4

Layer 1

Applied to 14 Polygon face

Description

Liquid surface

Liquid density 1e−006 kg/mm3

Gravitation constant 9810 mm/s2

Surface pressure 1000 N/mm2 (MPa)

Table 9 Mesh properties of trapezoidal blade position

Mesh Element family Elements Nodes

alu: PSOLID1, Aluminum_6012

3d_mesh(1) Tetra4 2668 954

Table 10 Load values of
trapezoidal blade position

Step name Number of
referenced loads

Loads

Subcase—Static loads 1 1

Hydrostatic(1) Type Hydrostatic

Solver card name PLOAD4

Layer 1

Applied to 13 Polygon face

Description

Liquid surface

Liquid density 1e−006 kg/mm3

Gravitation
constant

9810 mm/s2
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Table 11 Result evaluation
of the two different material
impellers

Impeller material Cast iron Hardfaced
aluminium alloy
(6012)

Stress analysis Von Mises stress Von Mises stress

Element 3468 3468

Node 1210 1210

Max. von Mises
stress

1.843e+007 1.825e+007

Table 12 Result evaluation
of the two different blade
positions

Impeller material Hardfaced
aluminium alloy

Hardfaced
aluminium alloy

Impeller position Inclined blade
position

Trapezoidal blade
position

Element family Tetra4 Tetra4

Element 2343 2668

Node 840 954

Max. von Mises
Stress

2.025e+007 2.549e+007

one is based on different blade positioning in the meridional annulus; inclined blade
position and trapezoidal blade position results are shown in Table 11.

The max vonMises stress in the hardfaced aluminium alloy impeller is lesser than
the cast iron impeller; this is because of the hardfacing material effect.

5.1 Blade Position Analysis

Results for the stress distribution analysis of inclined blade position and trapezoidal
blade position are shown in Table 12.

It can be concluded from the above results that the mixed flow pump impeller
having inlet inclined blade positioning (case-I) in the meridional annulus is getting
lesser stress distribution than the trapezoidal blade positioning (case-II) which itself
signifies that the impeller with inlet inclined blades positioning is a better choice
than the other one as shown in Table 12.

6 Conclusion

• Comparing the 1, 2 and 3 mm thickness hardfaced aluminium alloy (6012), 3 mm
hardfaced aluminium alloy is having more hardness and impact energy.
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• Wear test results reveal that the hardfacing increases thewear characteristics of the
samples. The plate with higher hardfacing (3 mm) showed better wear properties
[14].

• It can be understood that the tribological properties were improved through
hardfacing. The performance analysis of cast iron and hardfaced aluminium
alloy (6012) impeller showed that the maximum stress developed in hardfaced
aluminium alloy impeller is lesser than the cast iron impeller.

• It can be concluded from the above results that the mixed flow pump impeller
having inlet inclined blade positioning (case-I) in themeridional annulus is getting
lesser deformed than the trapezoidal blade positioning (case-II) which signifies
that the impeller with inlet inclined blades positioning is a better choice than the
other one.
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Sensor-Based Gamified Rehabilitation
Therapy to Enhance and Manage Human
Physical Kinematics

S. J. Syed Ali Fathima, S. Amritha Shankar, and A. Ahamed Thajudeen

Abstract Over the period of technological development, the way in which the
human interact with the computing devices is evolving continuously from command
line to natural user interface. At the beginning, only commands were used to instruct
the computers which were enriched after the development of graphical user interface
(GUI) in the year 1980with the usage of keyboard and pointing devices for computing
interactions. Though GUImade easier interactive computing environment for almost
all the users of that generation, it does not offer natural way of interaction. Current
technologies proposed the next generation interface called as natural user interface
(NUI) where the human’s intuitive actions like touch, speech, thoughts and gestures
become an input for computing interactions that aim to offer better user experience.
In general, theNUI ismade possible through small or large physical bodymovements
intending to inform a message or information non-verbally and naturally consenting
its opportunity in wide range of rehabilitative health applications. In this paper, the
recent advancement of computing interfaces and NUI sensor-based technologies to
enhance and manage human physical kinematics are reviewed. The current trends
of using sensors and technologies in real-time applications of health care therapy
are presented with a design of experimental sensor-based gamified therapy for hand
rehabilitation.
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Keywords Natural user interface · Sensors · Healthcare · Rehabilitation ·
Therapy · Augmented reality · Virtual reality

1 Introduction

Artificial intelligence (AI) technologies seeking to imitate human intelligence, is
receiving lot of attention and is being integrated into various fields, including medi-
cation and diagnosis. Interaction of human with computer machines is made possible
by means of natural actions of human using their gestures, senses, thoughts and
speech tracked using natural user interface (NUI) inspired by AI algorithms instead
of making use of keyboard and mouse which is the part of graphical user inter-
face (GUI). There exist multiple possibilities for operating NUI depending upon the
state of purpose and the requirements from user. In healthcare domain, NUI kind of
technology intervention could improve the rehabilitation environment by creating a
motivational, engaging and optimistic impact for the patient’s recovery. The applica-
tion of gamified system in medical rehabilitation is greater than ever, since they have
been proven to raise patients’ engagement toward treatment and increases therapy’s
effectiveness. The gaming environment offering space for exercise training using
video games will possibly create certain general healthcare benefits and as well
encouraging outcomes in intensifying the recovery process in various disorders [1].
The forthcoming sections will review the assistive technology using emerging NUI
computing techniques like touch computing, gesture computing, surface computing,
brain computing andNUI application technologies like virtual reality and augmented
reality. The paper also presents the design of experimental sensor-based gamified
therapy to support and augment hand rehabilitation.

2 Literature Review

2.1 Computing Interfaces

Command line interface(CLI) is also known as command language interpreter, in
which user issues text commands or shell scripts through the console interface using
the typewriter or keyboard input device to interact with computer systems. CLI is
mostly preferred by advanced programmers as they are keen and strong in control-
ling a program or operating systems using crisp commands. Scripting languages. like
Python, Ruby and Perl are well known andwidely used text processing programming
languages in medical and bio-informatics to access and manage medical datasets,
disease diagnosis and drug design, evaluate treatment plan and medical discovery
[2]. Graphical user interface (GUI) is the system interface using which the users are
allowed to interact with systems through visual markers, indicators and graphical
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icons with the yield of capabilities offered by computers graphic techniques in addi-
tion to CLI features. The invention of various hardware devices like speech synthesis,
tactile displays, sensors, etc., and appropriate software applications enabled GUI
systems to be useful in medical rehabilitation for blind and disabled people for the
improvements in orientation and mobility. GUI has now become more significant for
a healthcare treatment tracking and analyzing devices. The facility to manage and
administrate the device using GUI expands the easy handling, safety, control and
accurate communication between the system and the user [3].

The enhancement to CLI and GUI with an ability to interact with computers or
smart devices using the human body is proposed using natural user interface and
it is powered by human touch, gesture, voice and senses. The implementation of
NUI is possible by using appropriate sensing devices as an intermediate gateway for
interaction that is either directly or indirectly integrated to the computing system.
This facilitates the computers to be supplemented in different fields of applications
like healthcare treatment with technological innovations which was found to be quite
tough and tedious previously. The idea of developing gaming prototypes using NUI
sensors for physical rehabilitation exercises has improved the interest and changed
the exercise perception, making the patients to undertake training with enthusiasm
and without the feel of treatment session [4]. The generalized model of NUI-based
healthcare therapy is shown in Fig. 1. The sensors like Microsoft Kinect, Intel Real
Sense, Leap Motion Controller, Nintendo Wii, etc., support natural user interface
which enables AI-based computerized therapy.

The Comparison of computing interfaces is given in Table 1.

Fig. 1 Generalized model of
sensor-based healthcare
therapy

NUI Sensor based AI 
enabled computerized 

therapy

   Patient

Cloud / Centralized    
storage to handle patient 

medical dataset

 Healthcare Expert

Table 1 Comparison of computing interfaces

Computing interfaces Input mode Support level in healthcare domain

CLI Text commands Low

GUI Graphical commands using
pointers and pointing devices

Medium

NUI Voice/speech, body gestures, brain
signals, touch, object’s skeletal
structure

High
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2.2 NUI Sensor-Based Computing Techniques

The major classification of NUI-based computing techniques and the review of
application of these techniques in healthcare rehabilitation is discussed.

2.2.1 Touch Computing

Touch computing enables the users to interact with controls and applications more
intuitively using their touch input. For example: touching a graphical icon to open an
application. The wall surfaces, flat tables, smartphones, PC screens and tablets are
the most popularly used touch devices. The touch input signal using fingers is made
active through a built-in panel that carries electrical charge in which the electric field
will get interrupted on a touch in these handheld computing devices. This interruption
is recorded as a computer event and sent to the software program for processing to
initiate a response to the touch event. The games developed using touch panels are
now introduced in cognitive exercise therapy. In recent days, the early learning is
improved through the common use of touch screens in our day-to-day life [5].

2.2.2 Surface Computing

Human interaction with systems is also enabled through surface computing in which
the normal surface of an object acts as an interaction interface. Touch computing
deals with flat surface, whereas surface computing concentrates on non-flat three-
dimensional objects surfaces like spherical, cylindrical and parabolic surfaces. It
provides a means to ubiquitous computing of making every surface as interactive
in our day-to-day environment. It can be implemented using displays like LCD
or projection screens, projector and infrared cameras. Infrared cameras are main
component that operate independent of light and allows for gesture detection in all
lighting conditions. Microsoft research is on 3D surface computing which deals with
sensing of 3D input data above 2D surfaces. The computer-aided seating system
(CASS) with contour sensing and evaluation devices is used as assistance in the
design of clinical seat contours which provides the examination of tissue distortion
through the surface interface when the seats are loaded [6].

2.2.3 Gesture Computing

In general, the gestures are defined as small or large physical body movements
intending to inform a message or information non-verbally. The ability of the
computers to understand the natural human gestures as input and responds to the
input in the right way as intended refers to the gesture recognition (GR) and it is
implemented and interpreted with the aid of motion sensing devices called gesture
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recognition sensing devices. The human physical kinetics by means of arms, eyes,
facial expressions and any gesture act as an input signal to interact with systems
using gesture computing. GR works with the principle in which the physical actions
of the user are sensed as the input data signal by the camera-enabled sensor which is
then sent to the application programming interface (API) to control devices or any
other application. The infrared rays that are invisible are posed on the user and it is
reflected back to sensor built-in with the GR integrated chip [7].

2.2.4 Brain Computing

The interaction between the computing systemandhuman is alsomade possible using
the direct brain signals through brain computing interface termed as BCI. The human
physical motion and motor functions with effect from cognitive and sensory inputs
can be recovered with the help of BCI. BCI using the thought processing offers a
means for paralyzed to operate a computer, prosthetic limb, or motorized wheelchair.
Thought-based control of a neuro-prosthesis has been developed in which hand grasp
is supported with implanted stimulation electrodes [8]. Post-stroke rehabilitation
with feedback training using virtual hands has been developed in which BCI use the
classified brain patterns to generate virtual handmovements like opening and closing
of the left or right upper limbs [9].

The comparison of NUI-based computing techniques is given in Table 2.

2.3 NUI Sensor-Based Computing Techniques

This section focuses on two major technologies with the application of NUI sensor
that widely supports healthcare field.

Table 2 Comparison of NUI sensor-based computing techniques

NUI-based computing
technique

Input mode Support level in healthcare
domain

Touch computing Touch/multi-touch on flat surface Low

Surface computing Touch/multi-touch on flat or
non-flat surface

Advanced hand gesture
exercises and supports design of
surfaces for assistive devices

Gesture computing Speech, body movements (or)
gestures, facial expressions,
skeletal structure

Whole body gesture exercises

Brain computing Thoughts as brain signals Treatments relating physical and
metal thoughts (or) controlling
physical gestures by thoughts
(brain signals)
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2.3.1 Virtual Reality (VR)

VR represents the 3D space generated virtually by computers that can be explored,
interacted and experienced by the humans directly using their sight and sound senses
with the help of NUI. The simulated environment created using the software offers
the user with the feel of real-time environment and the person becomes a part of
it and is able to perform actions and manipulate objects. Interactive VR exercising
system is one of the stimulatedworld ofVR-based rehabilitation therapy developed to
direct patients targeting specific bodyparts through therapist prescribed rehabilitation
training exercises, games and activities that are interactive naturally [10].

2.3.2 Augmented Reality (AR)

The real-world environment with the computer-generated augmented virtual objects
allowing the users to interact using the natural input signals generated through human
speech, touch or gestures by themeans ofNUI sensors is termed to beAR technology.
A mixture of real and virtual environment is projected in front of the patient to play
with the augmented objects inside the environment with the tangible feeling. No
visuo-spatial change by the patient is needed because of the fact that the patient
communicates directly with the system [11]. AR technology supports rehabilitation
by providing an entertaining, engaging and natural environment for treatments [12].

3 Methodology

3.1 Gamified Therapy

Gamified therapy can be employed to supplement the techniques of treatments in the
area of rehabilitation, helping to satisfy different motor learning principles that are
steadily acquiring substantial ground in terms of attracting an immensely accepted
method [13]. The game design principles namely feedback, play, rewards, goals,
difficulty, challenge, flow and failure can be an essential part for the development
of customized games for rehabilitation of stroke survivors as they act as the makers
of commercial games [14]. VR and AR gamified therapy offers the concept with
multi-sensory feedback that needs various action levels. The gamified therapy and
VR provide the benefit of training patients in certain target-oriented task that can
be repetitive in the context of enriched virtual space that provides the feasibility of
solving both motor and cognitive tasks and of studying new skills [15].
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3.2 Experimentation

The experimental study uses Microsoft© Kinect gesture capturing sensor device as
an interface for a sensor-based gamified therapy designed for hand movement reha-
bilitation to enhance reaching and touching objects around the subject [16]. Since
the current examination is of experimental study and consists human respondents’
ethical approval and information accessibility from institutional ethical committee,
TOCPTRBR, TheOxford College of Physiotherapy, Bangalore has been gained prior
accumulating data; similarly, respondents’ details/information were kept anonymous
and both parties (researcher and participant) signed the IC form under medical obser-
vation and regulations [17]. Finally, the data were not replicated or shared with other
researchers for any other purposes.

Kinect is the NUI-based marker less motion sensing device consist of 3D depth
sensor camera, vision camera, red–green–blue (RGB) camera, depth sensor, LEDand
a microphone array. The Microsoft’s proprietary software to control these sensors is
offered to enable 3Dmotion capture of thewhole bodywith skeletal tracking features,
facial expressions identification and voice or speech recognition capabilities.

The game scenario comprises of five jumper objects which is distributed virtually
around the user environment within the reachable distance. In this case, the environ-
ment defines to the integration of virtual objects into real creative scene seized using
Microsoft©Kinect’s camera. The game play refers that the usermust reach and bump
the object to make it disappear, and for each single play, this must be repeated for
the entire five objects with the timer and count variables set. Each bumping action
and object vanishing within the time limit are considered to be hit and will get the
reward score value of 10. For every appropriate hit action, the update of game score
is performed and the range of motion angles of shoulder and elbow is measured using
skeletal tracking feature of Kinect sensor and is recorded. When the timer is 0, the
count is reduced and the game play repeat again until the count reaches to zero.

Kinect is a horizontal bar connected to a small base with a motorized pivot and
fixed to a tripod and the target location is calibrated. Kinect camera should be located
within 30 cm × 30 cm square at a distance of between 1.45 and 1.75 m from the
user, and at either 0.15 m to the left or right. It was made to constrain the hand
movement of the subject to a circular or a linearmotion. Subject is placed in the frontal
plane toward Kinect camera and performs training in sitting or standing position as
per instruction. The experimental setup and illustration of reach and touch training
scenario of sensor-based gamified therapy are shown in Fig. 2.

4 Results and Discussion

The usability test was conducted by toward measuring the ease or comfort of the user
toward the developed experimental system. Thirty participants experienced sensor-
based gamified therapy and are presented with set of questions to answer manually or
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Fig. 2 a Experimental setup and b reach and touch—sensor-based gamified therapy

Table 3 Usability analysis of sensor-based gamified therapy for hand rehabilitation

Questions Mean score

Scenarios are simple and easily understandable 4.4

Easy to use 4.3

Appropriate for upper limb functionality improvement 4.1

Hand gestures are captured and actions are performed correctly without any delay 4.3

Game training is taken without any feel of treatment session 4.2

Training environment is fun, interesting and engaging 3.8

Audio-visual feedback given motivates the training 3.2

through the computer programmed questionnaire. Once the respondents offered their
real-time experiences through the scoring card or scoring options, the mean value is
calculated and the score would be compared to reveal the system’s efficiency. The
usability test was designed with seven questions toward measuring the environment
and effects of sensor-based gamified training offered to the participants as shown
in Table 3. Through the developed experiment, the level of comfort and satisfaction
experienced by the participants was the score as overall mean result was measured
as 4.04. This proves that the developed system is rather pleasing and easy to adapt
with the regular therapies and treatments.

5 Conclusions

In this paper, the evolvement of different types of computing interfaces, advance-
ment of NUI-based computing techniques, like touch computing, surface computing,
gesture computing and brain computing, and the technologies like VR and AR with
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the application ofNUI, experiment on sensor-based gamified therapy aiding the assis-
tive technology to support and enhance healthcare rehabilitationwere discussed.With
smart machines communication has become much natural due to the greatest use of
artificial intelligence techniques. Sensors can acquire gestures of human body as
commands with smart NUI. The use of human–computer interaction-based products
in the field ofmedical rehabilitation is consistently developing. Numerous researches
are being carried out on these computing techniques to make it practical in medical
practice. The research should also focus on developing suitable protocols for creating
and delivery of rehabilitation services and products with these computing techniques
to meet medical device standards.
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A Review on Analysis of Performance
Parameters in Low Voltage Current
Mirror Circuits

S. Saranya, R. Saravana Kumar, S. Praveen Kumar, S. Dharani,
and P. M. Rubesh Anand

Abstract Electronics industries often require low voltage and low power current
mirror circuits with high performance in analog and mixed VLSI signal applications.
The current mirror circuits trace the input current into an output device without any
degradation for any load conditions. Themajor challengeswhile designing the current
mirror circuits include low input and high output resistance, low input–output voltage
and low noise considerations. Different topologies are developed in current mirror
circuits to overcome these limitations but it is hard to satisfy all these requirements in
a single circuit design. A detailed analysis of different current mirrors circuits is very
essential for modern mixed VLSI signal applications. In this paper, the performance
parameters of different current mirror circuits with the various topologies like low
voltageCMOSanalogdesign,MOSFETsdevices in sub-threshold region, bulk driven
and FGMOS in circuit level are compared and analyzed. The comparative analysis
shows that the combination of two or more topologies performs better in analog
VLSI design applications.

Keywords Low power CMOS · Bulk driven · FGMOS · Analog and mixed
VLSI · Cascode topology

1 Introduction

The invention of CMOS technology has made a huge revolution in modern VLSI
industry for consumer, industrial robotics and defense applications [1–3]. In order
to enhance the speed of CMOS device operation and increase the density of the
device with lower power consumption, the transistor size scaling is essential. In the
same time, the supply voltage is not possible to be reduced correspondingly with
transistor scaling [4] due to fundamental limitation of reduction of the input voltage.
Equation (1) represents the power supply requirements of MOS circuits [5].
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|VDD − VSS| ≥ Vtn + ∣
∣Vtp

∣
∣ (1)

where

VDD Positive supply voltage.
VSS Negative supply voltage.
V tn Threshold voltage of NMOS device.
V tp Threshold voltage of PMOS device.

It is clear from the Eq. (1) that the supply voltage not less than the sum of P
type and N type transistor threshold voltages. But in current CMOS technology, the
reduction of supply voltage and low power consumption circuit designs is much
essential. Hence, to design low voltage circuits in analog integrated circuits is a great
challenge, especially in current mirror circuits [4]. The current mirror circuits are
basic building blocks for almost all analog and mixed circuit systems. This circuit
consists of two terminals and its output current is only based on input current and
not influenced by the output load. The current mirror circuits are basically employed
in biasing, loading and level shifting circuits and it is mainly used in amplifier,
analog-to-digital (A/D) and digital-to-analog (D/A) converters.

The ideal current mirror circuits should attain the following requirements [6] as,

• Low input impedance
• High output impedance
• High accuracy
• Low input voltage
• Output current should be constant over wide range of load variation
• Low noise.

The current mirror circuits that are designed with different topologies possess
their own advantages and drawbacks. The main consideration while designing the
current mirror circuits are high output impedance and low output voltage. In order
to attain linearity and high output impedance, regulated body-driven cascode current
mirror circuits are implemented. In this technique, the output impedance increases
while increasing the number of stages of current mirror circuits. But at the same time,
it increases the minimum output voltage. Hence, there is always a trade-off between
output impedance and minimal output voltage [6]. Cascode technique improves the
accuracy and output resistance of the circuit, but meanwhile it increases the power
requirements [6, 7].

Different cascode current mirror circuits are implemented for further performance
improvement [5] as,

1. Double cascode
2. Wide swing cascode
3. Triple cascode
4. Regulated cascade
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2 Methodology

In the last fewdecades, the currentmirror circuits operations are enhancedbydifferent
topologies which include level shifter technique, bulk-driven technique and floating
gate MOS technique (FGMOS). The level shifter circuits require an extra circuit to
compensate the offset current which requires additional power for this technique. It
increases the overall power consumption of the system [7]. The bulk-driven technique
is adopted in CMOS design for low voltage and low power design. This technique
controls the weak bias voltage between the bulk and source of MOSFET so that
consequently input bias voltage is reduced [6]. The bulk-driven technique supports
for low voltage design but other parameters are suffers from some limitations such as
accuracy, input impedance, output impedance and linearity. Bulk-driven techniques
is not used for wide voltage swing and it decays the bandwidth of current mirror
circuits [4, 7].

FGMOSdesign is preferred compared to other techniques as it consists ofmultiple
inputs and due to this configuration, effective threshold can be reduced [8]. FGMOS
technique creates an additional parasitic resistance and capacitances which degrades
the bandwidth of the circuit. Traditional current mirror circuits have low input and
high output compliance voltages which indeed provides a high offset current and
limit the operating range. In order to improve the operating range, multiple inputs
floating gate technique is used [9]. This method satisfies the lower supply voltage but
transconductance value and gain bandwidth product are degraded. Self-biased self-
cascode bulk-driven quasi-FGMOS current mirror is proposed to prevent the above
effects. In this topology, input supply is connected in bulk terminal of quasi-FGMOS
transistor and output is taken at self-cascode FGMOS structure [10].

3 Results and Discussion

The comparison of supply voltage with power dissipation and output impedance of
different current mirror circuits of various reported published state of art is presented
in Fig. 1. From this graph, it is clear that [8] shows the lower power dissipation
[0.14 mW] at low supply voltage (0.75 V). In the considered reference article [8], the
currentmirror circuit was designed by floating gate structure inWilson currentmirror
circuit model. The various performance parameters of current mirror circuits with
different topologies are listed in Table1. From this table, it is clear that researchers
mainly used cascode, bulk driven and FGMOS techniques to achieve the device
performance.

From Table 1, it is clear that researchers mainly used cascode, bulk driven and
FGMOS techniques to achieve the device performance. The cascode techniques
improve the output impedance level with degraded power supply [7, 10, 12, 15]. To
improve the supply voltage performance, bulk-driven topology is adopted [4, 8, 13]
and FGMOS technique is used for improve the supply voltage and power dissipation
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Fig. 1 Comparison of supply voltage with power dissipation and output impedance of various
current mirror circuits

but bandwidth degraded [5, 11, 16]. Some researchers combine the above topologies
to achieve the overall requirements of current mirror circuits [16, 17]. The voltage
level shifting process is improved through the dual current mirror circuits through
the lowest delay and low power consumption [18, 19].

4 Conclusions

In this work, different performance parameters of various current mirror circuits such
as cascode, level shifter, bulk driven and FGMOS topologies are reviewed. Each of
the current mirror circuits had its own advantages and drawbacks. The current mirror
circuits are designed with minimum supply voltage and high output impedance, but
balancing between these two parameters is difficult in single topology circuits. So
hybrid techniques like combination of two topologies such as bulk drive, cascode,
level shifter and FGMOS can be used to improve the analog and mixed VLSI circuit
performance.
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Table 1 Comparison of state of art of various performance parameters of current mirror circuits
with different topologies

Refs. Design methodology Simulation tool Output
parameters

Parameter values

[7] Wide swing cascode
current mirror
(WSSCM)

Cadence specter 35 nm
MIMO

High
amplification

0.33 µA

Power
dissipation

0.33 mW

Supply voltage 1 V

High output
resistance

12 M�

Output
impedance

1.0 M�

[8] Low voltage current
mirror FGMOS

PSpice High
amplification

0.21 µA

Power
dissipation

0.54 mW

Supply voltage 0.7 V

High output
resistance

15 M�

Output
impedance

1.2 M�

[2] FGMOS-based WCM SPICE and TSMC High
amplification

2.05 µA

Supply voltage 0.5 V

No. of
transistor

2

Upper cutoff
frequency

5 MHz

Output
impedance

0.578 M�

Bandwidth 257

[5] Basic current mirror Mentor graphics High
amplification

1.98 µA

Power
dissipation

0. 14 mW

Supply voltage 0.75 V

Output
impedance

71.16 M�

Output voltage 0.122 V

Bandwidth 5.89 GHz

Upper cutoff
frequency

7 MHz

(continued)
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Table 1 (continued)

Refs. Design methodology Simulation tool Output
parameters

Parameter values

Output
resistance

119 K�

[9] Self-bias cascode
current mirror

Cadence virtuoso
180 nm

Supply voltage 1.7 V

Output voltage 0.65 V

No. of
transistor

5

Upper cutoff
frequency

7 MHz

[10] Bulk driven Cadence virtuoso
180 nm

Supply voltage 0.7 V

Output voltage 0.67 V

No. of
transistor

2

Upper cutoff
frequency

10 MHz

Self-biases cascode
current mirror

Cadence virtuoso
180 nm

Supply voltage 0.67 V

Output voltage 0.38 V

No. of
transistor

5

Upper cutoff
frequency

5 GHz

Bulk-driven Wilson
current mirror

Cadence virtuoso
180 nm

Power
dissipation

0.56 mW

Supply voltage 0.8 V

Output voltage 0.9 V

No. of
transistor

4

Upper cutoff
frequency

6 MHz

[11] Conventional current
mirror

PSpice High
amplification

0.23 µA

Power
dissipation

0.23 mW

Supply voltage 0.9 V

High output
resistance

1.37 M�

Output
impedance

2.0 M�

(continued)
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Table 1 (continued)

Refs. Design methodology Simulation tool Output
parameters

Parameter values

[12] Triple cascade current
mirror

Mentor graphics High
amplification

0.23 µA

Power
dissipation

0. 95 mW

Supply voltage 0.89 V

High output
resistance

1.37 M�

Bandwidth 5.89GH

Output
resistance

45.26 M �

[5] Bulk driven SPICE Power
dissipation

0.8 mW

Supply voltage 0.75 V

High output
resistance

1.37 M�

Bandwidth 65 MHz

Output
resistance

45.26 M �

[6] Folding gate Cadence spectra using
CMOS 180 nm

Power
dissipation

0.45 mW

Supply voltage 0.75 V

Input
impedance

1.49 K�

Output
impedance

0.488 M�

Bandwidth 57 MHz

[4] Flipped voltage
follower self-cascode

TSMC of MOSIS
180 nm

Supply voltage 1 V

Input
resistance

2.133 K�

Power
dissipation

0.33 mW

Flipped voltage
follower

CMOS TSMC of
MOSIC in 0.25 µm

Supply voltage 1.2 V

Frequency 168.48 MHz

[1] Level shifted FVF Mentor graphics
Eldospice based on
TSMC 0.18 µm level
shifted FVF

Supply voltage 1 V

Power
dissipation

0.33 mW

Bulk driven
Bulk driven

Cadence spectra and
BSIM3v3

Input voltage 0.4 V

Output voltage 0.39 V

(continued)
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Table 1 (continued)

Refs. Design methodology Simulation tool Output
parameters

Parameter values

Low supply
voltage

0.7 V

Level shifted FVF Mentor graphics
Eldospice based on
TSMC 0.18 µm

Supply voltage 1 V

Power
consumption

0.54 µW

[13] FGMOS and WCM Cadence spectra and
TSMC

Power supply 1 V

Bandwidth 5 GHz

Power
consumption

0.58 mW

Output
impedance

10 M�

[14] CMOS-memristive
cascode current mirror

SPICE Power
consumption

14.142 µW

On chip area 1.47 10−12 m2

[15] Cascode current
mirror array

PUF CMOS process
65 nm

Power
consumption

1.53 mW

Supply voltage 0.95 V

Throughput 10 Mb/s

[16] Cascode current
mirror array-based
PUF

PUF using CMOS
process 35 nm

Supply voltage 1 V

Power
consumption

18.8 mW

Output
impedance

12.5 M�
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Experimental Investigation
on Mechanical Properties of Banana
Fiber Reinforced Vinyl Ester Resin
Composites

J. Harish Kumar, S. Prabhakaran, K. Alagar Pandi, and K. N. Karthick

Abstract In recent years, many types of composites materials are used in leading
edges of materials technology, with ultra-demanding applications such as automo-
tive, structural applications etc. Among the various composites, the widely used and
oldest composite material is fiber-reinforced composites. Banana fibers act as the
most common of all reinforcing fibers for FRP composites. Although these compos-
ites have some principal merits such as high strength, high chemical resistance, and
excellent insulating properties, etc., natural fibers are now considered as serious
alternatives for the use in composites, due to increased environmental awareness and
consciousness throughout the world. For various engineering applications, natural
fiber-reinforced polymer composites are being worked with. Various natural fibers
such as jute, sisal, palm, coir, and banana are used as reinforcements. The reinforce-
ment that is used in vinyl ester resin matrix is banana fiber. This work shows the
study of treatment of sodium hydroxide (NaOH) in addition with alumina (Al2O3)
particulate on fibers. The result that is inferred from the study is that the flexural
strength value of UT, UT + Al2O3, T + Al2O3 has increased with increase in fiber
content.
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1 Introduction

Despite the growing familiarity with composite materials and ever-increasing range
of applications, a clear definition is given by this term. Some of the natural compos-
ites like timber, organic materials like tissue surrounding the skeletal system, soil
aggregates, minerals, and rockwere described using some loose terms like “materials
composed of two or more distinctly identifiable constituents”. This lapse was made
up as a fact that new types of composites were being innovated all that time with
their own specific purposes like the filled, flake, particulate, and laminar composites.
A good example for modern-day composite materials is fibers or particles that are
embedded in a matrix of another material, which are mostly structural too.

When a strong load-carrying material (reinforcement) is imbedded in weaker
material (matrix) it combines to form a composite. The strength and rigidity is
provided by reinforcement which helps to support structural load. The matrix or
binder (organic or inorganic) maintains the position and orientation of the reinforce-
ment. The physical and chemical properties of the constituents of the composite are
retained significantly. Compositematerials in which different layers ofmaterials give
a specific character of a composite material having a specific function to perform
are called as laminates. Fabrics have no matrix to fall back on, but in them, fibers of
different compositions combine to give them a specific character. The materials that
are reinforced can withstand maximum load and serve with the desirable properties.

1.1 Composite Materials

Composite materials were known to mankind in the Paleolithic age (also known as
Old Stone age). The 300 ft high ziggurat or temple tower built in the city center of
Babylon was made with clay mixed with finely chopped straw [1, 2].In recent years,
polymeric based composite materials are being used in many applications, such as
automotive, sporting goods, marine, electrical, industrial, construction, household
appliances, etc. Polymeric composites have high strength and stiffness, light weight,
and high corrosion resistance. In the past decade, extensive research work has been
carried out on the natural fiber-reinforced composite materials in many applications.
Natural fibers are available in abundance in nature and can be used to reinforce
polymers to obtain light and strong materials.

Natural fibers from plants are beginning to find their way into commercial appli-
cations such as automotive industries, household applications, etc. A number of
investigations have been conducted on several types of natural fibers such as kenaf,
hemp, flax, bamboo, and jute to study the effect of these fibers on the mechanical
properties of composite materials [3–6]. Mansur and Aziz [5] studied bamboo-mesh
reinforced cement composites and found that this reinforcingmaterial could enhance
the ductility and toughness of the cementmatrix, and increase significantly its tensile,
flexural, and impact strengths. On the other hand, jute fabric-reinforced polyester
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composites were tested for the evaluation of mechanical properties and compared
with wood composite [6], and it was found that the jute fiber composite has better
strengths than wood composites. A pulp fiber reinforced thermoplastic composite
was investigated and found to have a combination of stiffness increased by a factor
of 5.2 and strength increased by a factor of 2.3 relative to the virgin polymer [7].

Information on the usage of banana fibers in reinforcing polymers is limited
in the literature. In dynamic mechanical analysis, Laly et al. [8] have investigated
banana fiber reinforced polyester composites and found that the optimum content
of banana fiber is 40%. Mechanical properties of banana–fiber–cement composites
were investigated physically and mechanically by Corbiere-Nicollier et al. [8]. It
was reported that Kraft pulped banana fiber composite has good flexural strength. In
addition, short banana fiber reinforced polyester composite was studied by Pothan
et al. [9]; the study concentrated on the effect of fiber length and fiber content.
The maximum tensile strength was observed at 30 mm fiber length while maximum
impact strength was observed at 40 mm fiber length. Incorporation of 40% untreated
fibers Provides a 20% increase in the tensile strength and a 34% increase in impact
strength tested with banana fiber and glass fiber with varying fiber length and fiber
content as well. [10, 11]

1.2 Natural Fiber

1.2.1 Banana Fiber

By using Retting, Boiling, and Mechanical extraction methods banana fiber can
be extracted from its leaves. A traditional biodegradation process that involves in
microbial decomposition (breaking of the chemical bonds) of sisal leaves, which
separates the fiber from the pith is called water retting. Then the fibers are thoroughly
washed and processed further. This process takes 15–21 days for a single cycle
of extraction. The process of water retting is a very slow, water-intensive process,
unhygienic, and non-eco-friendly. Fibers that are extracted by this method are very
poor in quality. Boiling is another extraction method, in which banana leaves are
boiled and subsequent beating is done. Then washing is done and after which it
is dried under sun to get the usable clean fiber. But for large-scale extraction this
method is not suitable.Mechanical extraction involves inserting leaves into amachine
“raspador machine “and pulling the raw material out. This process of mechanical
extraction will not deteriorate the quality of the fiber and also suitable for small-
scale operations. This process is efficient, versatile, cost-effective and eco-friendly.
Residues that are produced during and after extraction of fiber are about 96% which
is useful in generating biogas, composting, and isolation of a steroid, eco-genin,
making of paper, biodegradable polymer, and wax (Figs. 1, 2 and 3).
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Fig. 1 Mechanical process
of sisal fibre extraction using
raspador machine

Fig. 2 Thin strands of
banana fiber

2 Materials and Methods

2.1 Chemical Treatment of Fibers

The untreated Banana fibers are shown in Fig. 4 were procured from YMC
Marthandam in Tamil Nadu, India. The banana fibers that were procured are then
treated with 10% of NaOH solution for 4 h of duration. After which the fibers were
washed thoroughly using distilled water. Later the washed banana fibers were put in
an oven for 24 h at an oven temperature of 80 °C in order to remove the traces of
moisture in it.
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Fig. 3 Thick strands of
banana fiber

Fig. 4 Untreated banana
fiber

2.2 Matrix

Vinyl ester resin is obtained fromunder the trade name of Ecmalon 9911. It appears as
a clear yellow color liquid with viscosity of 400 cps and specific gravity of 1.05. The
tensile strength andmodulus of the cast resin are 70MPa and 3200MPa, respectively.

2.3 Composite Preparation

Hand lay-up technique was used to make the composite. Fig. 6 shows the mould
that is prepared for making the composite. The mould is made up of mild steel with
plywood sheet placed on the inner surface. A debonding agent is applied on the
plywood sheet using which the composite specimen is casted in the mould. The
dimensions of the inner cavity of the mould are 150 mm × 150 mm × 6 mm. The
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upper plate is bolted to the mould prepared and this setup is left for curing at room
temperature for 24 h. The composite plate so formed is then oven cured for 24 h at
a temperature of 80 °C. After this, the specimens are cut for testing as per ASTM
standards.

2.4 Materials

Reinforcing materials: Fiber materials used as the reinforcing material in the hybrid
composite laminateswere treated and untreated banana fibers of different dimensions
in the formofnon-wovenmat.Matrixmaterial: thermosetting resin such asVinyl ester
wasused asmatrix polymer. Polyester, catalyst-cobalt naphthenate, and accelerator—
methane ethane ketone peroxide (GVR Traders, Satyan Polymers) were used as
received.

2.5 Mould Preparation

The mould is prepared as per the ASTM standard D 5687. The size of the mould is
150 mm × 150 mm × 6 mm. The mould was prepared at Casmo Plastics, Madurai,
Tamilnadu, India. The prepared mould is shown in Figs. 5, 6 and 7.

Fig. 5 Digital image of
mould prepared in this
investigation
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Fig. 6 Fabrication process
using banana fibre

Fig. 7 Fabrication process
using banana fibre

2.6 Specimen Preparation

The mould has to be well cleaned and dried using releasing agent (wax) before the
vinyl ester resin is filled up in the mould. On the mould, in order to lay up the first
layer of vinyl ester mixture uniformly a special brush is used. The first layer of non-
woven fiber mat was placed into the mould. Next to this, a layer of Vinyl ester was
applied uniformly on the first layer of non-woven fiber mat.
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Table 1 Designation of
non-woven composite
laminates used in this study

S. No Designations

1 Vinyl ester resin

2 Fiber material—Banana fiber
Different microns

3 Accelarato—Methyl ethene ketone
Peroxide

4 Catalyst—Cobolt octate

5 Releasing agent—PVA

6 Particulate material—Al2O3

After which the second layer of non-woven fiber mat is then placed. These proce-
dures are continuously followed to get the required composite laminates. Then the
mould is closed and the composite laminates were rammed (Pressed) uniformly for
24 h to obtain the required thickness and after that curing process is done. Later
the composite is allowed to get dried completely and then it is separated from the
mould. The composite laminates are cut into specimen size as per ASTM standard
for testing. The non-woven composite laminate’s designations that are used in this
study are tabulated in Table 1 (Figs. 8, 9, 10 and 11; Table 2).

Fig. 8 Sample specimen of
composite material
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Fig. 9 Specimen before
tensile test

Fig. 10 Clamping of
specimen in universal testing
machine

3 Tensile Testing

3.1 Objective

The main objectives of this experiment are to determine the following properties:

Yield stress.

Proportional limit.

Ultimate stress.

Modulus of elasticity.



1088 J. Harish Kumar et al.

Fig. 11 Specimen after
tensile test

Table 2 Various composite
samples and its tensile
strength

Samples Tensile strength in Mpa

Sample 1

UT 390

UT + Al2O3 330

T 380

T + Al2O3 470

Sample 2

UT 340

UT + Al2O3 240

T 390

T + Al2O3 470

Sample 3

UT 90

UT + Al2O3 240

T 300

T + Al2O3 360

3.2 Testing Procedure

Step 1 Identify the material to be tested for each specimen.
Step 2 Mark 2 inch of gauge length on each specimen using the jig provided.
Step 3 Specimen is prepared by ASTM Standard Torque Bone Size.
Step 4 Then the specimen is clamped in the machine using fixtures.
Step 5 Now tensile load is being applied over the specimen till the specimen breaks.
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Step 6 Data of each specimen will be recorded and plot of the Stress-strain curve
is generated using MatLab.

4 Result and Discussion

4.1 Mechanical Performance of Hybrid Composite

Tensile Strength n The results of tensile tests of UT, UT + Al2O3, T and T +
Al2O3 cases and 1,2,3 samples are shown in Figs. 12a, b, 13a, b and 14a, b. As
expected, surface modification of fibers using NaOH and Addition of Al2O3 resulted
in a significant increase in tensile strength of the material. From the tables and figures
we can easily find that the NaOH treatment and incorporation of Al2O3 provides a
better improvement in the tensile strength of about 23.68, 20.51, and 20% for T +
Al2O3 when compared with treated composites in all the cases. Variation of tensile
strength Sample 1, 2, and 3 in single layer composite laminate, and Sample 1, 2, and
3 in two-layer composite laminate as shown in Figs. 12a, b, 13a, b and 14a, b.

5 Conclusion

The present work deals with fiber treatment and addition of Al2O3Mechanical prop-
erties of composites have been improved by Surface modification and addition of
Al2O3. Therefore, that concluded the above results that NaOH treatment and addition
of Al2O3 had provided better mechanical properties. The mechanical properties can
even be increased more if this hybrid composite undergoes surface treatment of fibre.

Hybridization of Synthetic and Natural fibre polymer composites has been devel-
oped and characterized so as to arrive at a series of composites which can be used in
many engineering and industrial areas such as marine, structural, consumer articles,
and industrials applications. Hence it is to be concluded that with systematic and
persistent research there will be a good scope and better future for Synthetic and
Natural fibre—polymer hybrid composites in the coming years.
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Wear Characterization of AlTiCrN
and TiCN Coatings on SG Cast Iron

P. Sivasankar, S. K. Rajesh Kanna, N. Lingaraj, and P. Chandrasekar

Abstract This paper presents the methodology of reducing the wear rate of SG iron
component by coating on the material and comparatively analysing the microstruc-
ture and wear behaviour of the coated and uncoated spheroidal graphite (SG) iron.
The components like piston, valves and spring shackle are made of SG which has
a wide range of application in field of automobile industry. These components are
subjected to high wear due to their working condition, which affect the life of the
product and its performance. The physical vapour deposition method is adapted to
coat on the substrate material and the two coating materials are selected to be coated.
The best material which resists the wear is to be selected among the coated samples.
The pin-on-disc (POD) wear tester machine is used to test the wear behaviour of the
uncoated and coated SG iron sample by varying the parameters like load, speed and
time. The scanning electron microscope (SEM) images of the samples are taken, and
the microstructural analysis and the wear behaviour of the worn surface material are
found out.

Keywords Spheroidal graphite · Scanning electron microscope · Physical vapour
deposition

1 Introduction

Ductile iron, which is widely called as ductile CI, nodular CI, spheroidal graphite
iron, spheroidal graphite CI and SG iron. Ductile iron is composed of Fe as major
constituent which has direct influence on its microstructural characterization. SG
iron castings are used for wide variety of structural applications such as tractor parts,
axial housings, carrier housings, trunnion housings and manifolds. SG iron provides
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high toughness and strength with better machinability and excellent product life. It
provides ultimate surface characterizations among other CI [1]. The dry sliding wear
test is used to characterize the surface property of a material by varying different
process parameters like distance, speed and time. It is evident that the wear char-
acteristics of the spheroidal graphite CI are similar to that of flake graphite CI. By
means of adding TiC during re-solidification after laser surface treatment, it results
in the improvement of surface properties like wear and hardness [2].

Recently, the samples made of SG CI are coated with steel electrodes by manual
shielded metal arc welding. The results showed carbides deposition on the surface
layers was minimum due to the surface characteristics of coated materials. It also
gives as the clear results that wear resistance properties not only depends on the
surface hardness properties of samples, but by also on factors such as microstructural
layers, modulus of elasticity, size and the hard particles present on it [3–5].

In order to study the wear resistance of power transmission, reciprocating wear
tests are conducted on components of commercial farm tractors, under lubricated and
non-lubricated conditions [6–10]. In the past few decades, the test results have shown
that all the tested coated samples by physical vapour deposition techniques showed
better reduction in adhesive wear and volume loss, low friction rate and an abrasive
type of wear [11–13]. Hence, it may be concluded that the modern PVD processes
[14, 15] offer optimum conditions for the development, realization and industrial
use of multicomponent and multilayer coatings. Hence, this paper concentrates on
the methodology of reducing the wear rate of SG iron component by coating on the
material and comparatively analysing the microstructure and wear behaviour of the
coated and uncoated spheroidal graphite (SG) iron.

From the literature, it has been observed that many of the researchers had given
an attempt to optimize the welding process parameters using different optimization
techniques. But, none of the researchers has used the IWO algorithm to perform the
optimization of the PAW process. In the present work, an attempt has been made
to optimize the bead geometry of plasma arc welded Inconel 617 plates using two
different techniques, namely GA and IWO.

2 Sample Preparation

In the present work, the SG iron casting is formed by melting the pig iron and
other material constituents in an induction furnace. The casting is cut to required
dimensions by wire cut EDM and 9 samples of pin material are prepared. In this
work, the uncoated and the coated samples have to be tested for wear resistance.

The TiCN coatings are done on 3 samples of 3µmcoating thickness, andAlTiCrN
coatings are done on 3 samples of 3 µm coating thickness. The microhardness of the
coated samples is tested. The discmaterial is required according to specification of the
wear tester machine. The wear test is conducted in PODwear tester machine varying
the parameters like load, speed and sliding distance. The volume loss, wear rate,
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Table 1 Chemical composition of SG cast iron

Chemical composition C Si Mn Mg P S Cu Ni Fe

% 3.51 2.69 0.56 0.035 0.03 0.015 0.04 0.018 Balance

wear and friction coefficient are to be found out. The scanning electron microscope
is used to form the surface images of the coated sample.

2.1 SG Iron 500/7 Grade

The SG iron 500/7 grade has been selected to analysis the wear characteristics
(pin material). A typical chemical composition of this material is given in Table
1. Mechanical property: tensile strength—510 MPa, yield strength—320 MPa, %
elongation—7%, hardness—228 HB, structure—ferrite and pearlite matrix. Cast
iron 500-7 was cut by wire electric discharge machining process as per the given
parameter of the pin. Length and diameter of the pin are 50 and 7 mm. The hardness
of the pinmaterial (cast iron 500-7)must be less than the discmaterial (EN 31) to find
the wear resistance of cast iron 500-7. Hardness of the cast iron 500-7 is 32 HRC, and
the hardness of EN31 is 62 HRC. The EN31 material is an high carbon alloy steel
with superior quality which offers a high degree of hardness with high compressive
strength and resistance over abrasion. The diameter of the disc is 55 mm, centre hole
of the disc is 6 mm and the thickness of the disc is 10 mm.

2.2 Coating

Coatings produced by physical vapour deposition (PVD) in which the coating vapour
flux is created by a physical process such as evaporation or sputtering from a solid
target have been available since the technology necessary to sustain the required
vacuum was developed. Although evaporated metal coatings have been used in
some tribological applications, such as to lubricate threads on fasteners for the food
industry, it has been the development of more advanced PVD processes enabling
compound and ceramic coatings to be deposited with a high density which has revo-
lutionized the PVDwear-resistant coatings market. The TiCN and AlTiCrN coatings
are selected due to its tendency towards the wear characterization. These coatings
were selected due to their superior functions such as less porosity towards molec-
ular interaction of atoms, greater avoidance of coating delamination and minimum
level of crank initiation and propagation. The above coatings are coated on the
substrate of minimum 2–3 µm which will satisfy the above-mentioned conditions.
The parameters for coating TiCN and AlTiCrN using PVD are given in Tables 2 and
3.
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Table 2 Process parameter
for coating TiCN

Parameter Range

Coating thickness 2–3 µm

Service temp. 300 °C

Deposition temp. 425 °C

Hardness HV 0.05 2800

Deposition method PVD arc

Friction versus steel, dry 0.15–0.3

Colour Grey

Table 3 Process parameter
for coating AlTiCrN

Parameter Range

Coating thickness 3–8 µm

Service temp. 850 °C

Deposition temp. 450–550 °C

Hardness HV 0.05 3200

Deposition method PVD arc

Friction versus steel, dry 0.55

Colour Silver

3 Results and Discussion

3.1 Hardness Measurement

The coated samples will show characteristics changes on its surface due the deposi-
tion of TiCN and AlTiCrN on SG cast iron. Hence, microhardness testing is used to
measure the depth or area of an indentation left by an diamond indenter of a specific
shape, with a specific force of 0.981 N is applied for a specific time of 10 s (Fig. 1).

3.2 POD Wear Tester

A pod tribometer possess a stationary “pin” where applied load is in contact with a
rotating disc. The pin can be of any shape to have a specific contact, but flat tipped pin
aremostly used.Coefficient of friction is determined by the ratio of the frictional force
to the loading force on the pin. The pod tester has proved its efficiency in providing
a simple wear and friction test for low friction coatings such as DLC coatings on
valves components in internal combustion engines. Pin of diameter 7 mm and length
50 mm, disc of 55 mm diameter and 10 mm thickness is used for POD wear testing.
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Fig. 1 Surface hardness of coated and uncoated sample

The operating parameters for POD tester is tabulated in Table 4. Wear rate for the
uncoated and coated electrodes are shown in Fig. 2.

Table 4 Operating parameter for POD wear tester

Pin material Operating parameters

Load (N) Speed (rpm) Time (min)

SG iron, TiCN coated, AlTiCrN coated 10 600 5

15 600 5

20 600 5

Fig. 2 Load versus wear rate for uncoated and coated samples
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3.3 SEM Test

It shows clearly that the graphite nodules are present in the microstructure of SG cast
iron as shown in Fig. 3a. Drastic erosion of material from the surface of SG cast iron
is evident. Large number of cracks and pores are visible in themagnified image of the
wearer cast iron surface as shown in Fig. 3b, c. The coating of TiCN and AlTiCrN
over the substrate is shown in Fig. 3d, g. After wear, it is found that wear rate is
more in the TiCN coated samples (Fig. 3e) as compared to the base material SG cast
iron (Fig. 3e) and AlTiCrN coated samples (Fig. 3e) due to the adhesion property
of the AlTiCrN coating on the SG cast iron. Presence of the chromium atom in the
AlTiCrN coating enhances the wear characteristics is shown in Fig. 3i.

(a)SG cast iron – Before wear 
200μm 

(b)SG cast iron – after wear 
200μm 

(c)SG cast iron – after wear 
50μm 

(d)TiCN coating- Before wear 
200μm 

(e)TiCN coating- after wear 
200μm 

(f)TiCN coating- after wear 
50μm 

(g) AlTiCrN coating- Before 
wear 200μm 

(h) AlTiCrN coating- after wear 
200μm 

(i) AlTiCrN coating- after wear 
50μm 

(a)SG cast iron – Before wear 
200μm 

(b)SG cast iron – after wear 
200μm 

(c)SG cast iron – after wear 
50μm 

(d)TiCN coating- Before wear 
200μm 

(e)TiCN coating- after wear 
200μm 

(f)TiCN coating- after wear 
50μm 

Fig. 3 SEM images of coated and uncoated samples
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4 Conclusions

The experimental work was done by means of pin-on-disc wear tester machine to
find the wear resistance, frictional force and frictional co-efficient of uncoated and
coated SG cast iron samples and the results showed as follows,

1. For coated SG cast iron, it is found that hardness value has been increased as the
result of which surface characteristics are improved.

2. It is evident that the adhesion of coating of 2–3 µm with the substrate is more
as compared to uncoated samples, so that coating fractures and delaminates of
coating substance can be reduced.

3. Volume loss of coated samples is lesser than the coated samples. Wear rate of
the coated samples is lesser than the coated samples.

4. Frictional force and frictional co-efficient of uncoated samples were higher than
that of the coated samples. This implies the influence of coating on the frictional
behaviour of the sliding components.

5. The PVD coated samples showed improved surface hardness.
6. Among the coated samples, AlTiCrN coating showed better wear resistance than

TiCN coatings. So, AlTiCrN coating is selected as the best coatingmaterial when
compared with TiCN coating.

7. This experimental work tells as that even a very few micron level changes on the
surface has direct influence on the wear behaviour of the material.

8. The actingwearmechanismswas investigated bymeans ofmetallographic obser-
vations of the worn surfaces, and subsurface damaged region were it results SG
iron having more wear than coated samples.
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Optimization of Process Parameters
on the Electrical Discharge Machining
of Al6061-SiC MMC Through
Evolutionary Approach

S. K. Rajesh Kanna, N. Lingaraj, P. Sivasankar, and P. Chandrasekar

Abstract This research is amulti-objective optimization ofmajormachining param-
eters EDM process during drilling of AL6061-SiC metal matrix composite. The
major machining process parameters investigated in this research are supply current,
flushing pressure and pulse on time along with SiC particles. AL6061 has been used
as the matrix with 5, 10 and 15% of SiC of the sizes 15, 20, 25 and 30µm. The exper-
iments have been conducted, and the machining parameters have optimized through
the evolutionary genetic algorithm to chalk up the best possible value for the tool
wear rate, material removal rate and surface roughness. Fitness function had devel-
oped with multiple conflicting objectives to predict the better performance measures.
By experimentation, it had been found that rate of material removal is proportionally
increasing with increase of flushing pressure, supply current and pulse on time. Tool
wear rate is also proportionally increasing with increase in the supply current and
inversely proportional to the pulse on time. So genetic algorithm modules have been
developed, and the output from the module is producing the better surface finish,
higher rate of material removal with minimal tool wear.

Keywords Metal matrix composites · EDM · Al6061 · Optimization · Genetic
algorithm · Invasive weed optimization

1 Introduction

Among the various unconventional machining process, electrical discharge
machining (EDM) is the commonly adopted unconventional machining process to
machine the complex intricate shapes on the conductive materials with high preci-
sion. In the EDM process, the current has been supplied to the electrodes and in turn
sparks battered between the tool (electrode) and the conductive workpiece material,
by means of this sparks, the materials have been removed from the workpiece [1–3].
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In the process of EDM, tool wear rate (TWR), material removal rate (MRR) and
surface roughness (Ra) are mainly relied on the supply current, flushing pressure
and pulse on time [4].

So in this research, the primary goal is to identify the best feasible and optimal
parameters for obtaining the better surface finish, better surface roughness with
minimal tool wear for the higher rate of material removal. For optimizing the
parameters, in this research, genetic algorithm has been used.

The recent era of material science paved the way for many new combinations of
materials. Among the various composite materials, aluminum-based metal matrix
composites (MMC) are having a very extensive range of applications, as it is of less
weight and high strength [5, 6]. For reinforcing and enhancing the better properties
into the aluminum-based MMC, in recent years, many researchers [7–9] have exper-
imented tremendous research and optimized various parameters. As the outcome of
the previous researches, the major parameters which influence to improve the MRR,
Ra and TWR are the supply current (I), flushing pressure (P), pulse on time (POT),
pulse off time, intensity, etc. [8–10]. In this research, supply current along with the
flushing pressure and pulse on time had been taken for the experimentation. In the
current scenario, it is very essential to identify the optimal value for the machining
parameters which can yield the best machining fulfillment [11]. Researchers are
developing various mathematical instances for obtaining better MRR, TWR and Ra
in machining the aluminum-based MMC [10–12]. The mathematical models used in
optimization are either heuristic or can produce better solution for the single objec-
tive problems. Unfortunately, it might not be advisable to develop heuristic models
for each and every problem, and at the same time the real-world problems might
not necessarily to have an objective [13–19]. So the traditional mathematical models
might not suitable for the real-time multi-objective problems. So genetic algorithm
has been used, and many researchers proved that the genetic algorithm is producing
better solution to themulti-objective optimization problems. JohnHolland introduced
the methodology of evolutionary genetic algorithm (GA) in 1975 at the University
of Michigan [16]. GA is identified as the powerful optimization tool for the NP-hard
problems, because it uses random search procedure in coincidence with the natural
selection procedures and can be applied to variety of complex non-deterministic
polynomial problems for getting a feasible and optimal solution from the available
possible solutions [19]. So GA has been implemented in this study for finding the
optimal and feasible machining process parameters for the given conditions in the
EDM.

2 Experimental Methodologies

In this experimentation method, the experiments were executed with five input
machining process parameters, and with four different levels, each level having
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Table 1 Input machining parameters for experimentation

Parameters Notation Unit 1 2 3 4

Current I Amps 4 8 12 16

Pulse on time POT µs 200 300 400 500

Voltage V Volts 30 30 30 30

Flushing Pr Pr MPa 0.0200 0.030 0.040 0.05

Particle size Ps µm 15 20 25 30

different combinations and as the total of 29 samples were studied. The incorpo-
rated levels and the factors considered for the optimization of the EDM parameters
are given in Table 1.

2.1 Experimentation

In the present research, Inconel 617 superalloy plates of thickness 2 mm are used as
the base material. Plasma arc welding in melt in mode is used to conduct bead-on-
plate (BoP) experiments on the Inconel material. Initially, trial/pilot experiments are
conducted to determine the range of the input parameters at full depth of penetration.
The welding speed, welding current and plasma gas flow rate are considered as the
input process parameters [12]. The working ranges of the input process parameters
are given in Table 1.

Central composite design (CCD) is used to conduct the experiments. After experi-
mentation, the plates are cross sectioned using wire-cut electric discharge machine to
measure the bead dimensions [13]. The sectioned pieces are mounted with the help
of specimen mounting machine, and then, proper etching is applied on the round
specimen. The mounted specimens are used to measure the weld-bead dimensions.

The removal of the scrap materials was carried out by a flushing jet of dielectric
fluid, i.e., kerosene pumped through the nozzle to the desired pressure. Al 6061-SiC
of different composition and different sizes was taken as the workpiece material with
12 millimeter diameter copper electrode as the tool in the EDM. All other machining
parameters of the EDM had been kept constant, and experimentation done only by
varying parameters such as supply current, pulse on time, flushing pressure and
particle size, twenty-seven experiments (L27) had been conducted on Al 6061-SiC
composites. To avoid the human and the machine errors, two trials of machining
had performed with the same setup to drill the 8 mm depth blind holes having the
diameter of 12 mm. For each and every trial, the required parameters were measured
before and after machining, and the parameters are machining time, electrode and
workpiece weight. In reference to the recorded data, MRR and TWRwere calculated
using the Eqs. (1–2).

MRR = (
WPwi − WPwj

)
/Tk, (grams/mins) (1)
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TWR = (
Ewi − Ewj

)
/Tk, (grams/mins) (2)

whereas, Ewi and Ewj demote the weight of the electrode before and after
machining,

Tk denotes the time taken to machine the workpiece.
The surface roughness value had been taken as the average of the roughness

measured at two different points on the machined surface using Mitutoyo roughness
measurement device. The obtained data for the different experimentation are given
in Table 2.

Table 2 Experimental input and output

Trials Current
(A)

POT (µs) Volt (V) Pressure
(Mpa)

Ps (µm) MRR
(g/Min)

TWR
(g/min)

Ra (µm)

1 4 200 30 0.02 15 0.0315 0.0021 1.52

2 4 200 30 0.03 20 0.0321 0.0023 1.74

3 4 200 30 0.04 25 0.0329 0.0035 1.69

4 4 300 30 0.02 15 0.0318 0.0023 1.56

5 4 300 30 0.03 20 0.0336 0.0029 1.76

6 4 300 30 0.04 25 0.0344 0.0036 1.71

7 4 400 30 0.02 15 0.0329 0.0024 1.57

8 4 400 30 0.03 20 0.0356 0.0032 1.65

9 4 400 30 0.04 25 0.0365 0.0034 1.78

10 8 200 30 0.02 15 0.0342 0.0031 1.85

11 8 200 30 0.03 20 0.0378 0.0039 1.93

12 8 200 30 0.04 25 0.0396 0.0046 2.02

13 8 300 30 0.02 15 0.0384 0.0038 1.88

14 8 300 30 0.03 20 0.0413 0.0041 1.99

15 8 300 30 0.04 25 0.0408 0.0049 2.06

16 8 400 30 0.02 15 0.0396 0.0039 1.92

17 8 400 30 0.03 20 0.0426 0.0045 1.97

18 8 400 30 0.04 25 0.0426 0.0052 2.11

19 12 200 30 0.02 15 0.0411 0.0051 2.15

20 12 200 30 0.03 20 0.0457 0.0053 2.18

21 12 200 30 0.04 25 0.0481 0.0062 2.41

22 12 300 30 0.02 15 0.0457 0.0052 2.16

23 12 300 30 0.03 20 0.0478 0.0057 2.26

24 12 300 30 0.04 25 0.0496 0.0064 2.45

25 12 400 30 0.02 15 0.0489 0.0062 2.41

26 12 400 30 0.03 20 0.0492 0.0059 2.46

27 12 400 30 0.04 25 0.0498 0.0064 2.49
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From the obtained set of input and output data, it is clear that there exist conflicting
proportionality among the MRR, TWR and Ra. The obtained data are given as the
input to the SPSS software as L27 array, and the obtained function for MRR, TWR
and Ra is shown in Equations 3, 4 and 5, respectively.

MRR = 0.0624 + (
5.04256e−560 × I

) + (
4.5942e−003 × Pr

)

+ (
5.9882e−005 × Ps

) + (
2.1123e−006 × POT

)

−(
1.9280e−006 × I × Ps

)−(
1.7541e−005 × Pr × Ps

)
(3)

From Eq. 3, it has been explored that the supply current has proportional effect on
MRR, i.e., MRR increases with increase in I, POT, Pr and Ps and vice versa. From
the TWR model, it is observed by experimentation that the current supplied for
arc generation is inversely proportional to the EDM parameters, and the formulated
equation is given as follows:

TWR = 9.0077e−004 + (
3.0654e−004 × I

) + (
5.9874e−004 × Pr

)

+ (
2.6854e−006 ∗ Ps

) + (
5.3254e−007 × POT

)

−(
6.901e−007 × I × Ps

)−(
3.8931e−005 × Pr × Ps

)
(4)

The mathematical empirical equation generated for Ra is shown in Eq. 5, which
implies that flushing pressure plays a major role in deciding the surface roughness.
Higher the flushing pressure removes extra materials and on the other side, lesser
the flushing pressure will lead to formation of deposition of removed materials on
the surface. So it became essential to set the pressure within the limit based on the
machining conditions.

Ra = 7.9902 + (1.5412 × I) + (1.6215 × Pr) + (2.3254 × Ps)

−(
6.2351e−005 × POT

)−(
3.8745e−004 × I × Ps

)

−(1.0268 × Pr × Ps) (5)

So these three equations are having arbitrary proportionality, and these variations
create the need for a combined mathematical model which can be able to identify
the best optimal input machining parameters which produced better output. The
mathematical model used in this research to optimize the input parameters is genetic
algorithm model.

3 Genetic Algorithm Methodology

The GA is a random search technique that is useful for identifying the optimal solu-
tion in the larger number of samples with conflicting constraints andmulti-objectives
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in less time [17]. Effectiveness of the GA technique is influenced by several vari-
ables and mainly depends on its fitness function. Fitness function is the empirical
mathematical function showing the correlation between process variable and the
performance measures [18]. Genetic algorithm is having submodules like popula-
tion generation, crossover, mutation and termination. In the population generation
module, the population denotes the possible values for the parameters [19]. So the
first stage is the construction of the population with the available parameters limits
and the step size. Higher the step size, better the result and more the computational
time [20]. Thus, the population have to be generated with the I, V, POT, Pr and Ps.
The population size has been set to 100 with the step size of 0.5, 0, 50, 0.01, 5 for
I, V, POT, Pr and Ps, respectively. In this research, voltage value has been kept at
constant, as there is not a much variation in the output by varying the voltage value.
The sample randomly generated GA chromosomes are as follows:

Parent 1 : 00110111111000011010111110001000110101110
Parent 2 : 01001001111001011000110001010101000010001
Parent 3 : 00000001111000000100101100111110110110011
Parent 4 : 01000001111011010110001101111110101001110
The first 4 digits denote the binary digits of the current value in the range of 4 to 12

units. The next three digits denote the decimal step up to 0.5. The next 5 digits are the
constant of 11110 which denotes 30v. The next 9 and 6 digits denote the PoT value
and its step increment. The next 2, 2, 5 and 3 digits denote pressure and particle
size with its increments, respectively. The last 5 digits denote the dummy digits.
Thus, each parent having 41 digits and similarly 100 parents will be generated for a
generation.Once the population has been generated, and the next step is the crossover.
Crossover is the second stage of genetic process of exchanging a random set of strings
at random location between two random parents, and as the result, it generates two
child chromosomes with the properties of their parents [1]. In this research, double
crossovers have been performed, and in the double crossover, the child chromosomes
obtained from the crossover of the two parents have been allowed to crossover with
the third random parent, thereby the child having the property of the three parents.
Thus, the population size has doubled. Also to increase the convergence rate, 80% of
the parents only allowed to do crossover operation at random. The third stage of the
GA is the mutation operation. To overcome the stagnation of the solution at a point,
mutation operation has been performed by swapping the individual string from a
random parent at random location with a random value. The mutation probability is
set to 10 %. The next stage is the identification of the best-fit parent for producing
the next-generation children with better properties. So the fitness function value
or survival fitness of the every chromosome available in the population has to be
calculated. The fitness function equation for calculating the fitness value is given in
Equation 6.

f (x) = α + max .(βxMRR) + Min.(δxTW R) + Min.(εx Ra)
∑

(Max.MRR + Min TW R + Min.Ra)
(6)
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whereas, the α, β, δ and ε are the constants with the value of 0.5478, 0.5896,
0.9584 and 0.125, respectively, and vary with the applications. These values have to
be identified by doing the sensitivity analysis with the formulated equations. Once
the fitness function value for the populations had been calculated, then the half of
the population have to be retained for the next iteration and the remaining worst
population have to be discarded to avoid the worst results. The same methodologies
of operations have to be repeated till any of the desired termination condition is
achieved. In this research, the genetic generations terminated once 100 iterations
were reached. Experimentations were carried out with higher and lower iterations,
and it had been found that there were no much variations in the results.

4 Results and Discussion

The developed genetic algorithmmodel for optimizing I, POT, Pr, Ps to get the higher
MRR, lesser TWR and better Ra has been successfully implemented, and the imple-
mentation had been done under two stages. In the first stage, the developed model
had implemented to the single objective optimization functions, and in the second
stage, it had implemented to the multi-objective optimization function. The genetic
algorithm model proved that the effect of particle size, i.e., SiC size has significance
effect in MRR, TWR and Ra compared with the other machining parameters. The
single objective optimization model had tested with MRR, TWR and Ra indepen-
dently, and the obtained experimental results are discussed in the following sections.
By considering the material removal rate as the objective function, the genetic algo-
rithmmodule produces the solution with the maximum current, higher pulse on time,
higher flushing pressure and larger particle size will lead to higher material removal.
The optimal values identified by the GA for I, POT, Pr and Ps are 16Amps, 500 µs,
0.05 MPa and 30 µm to produce the material removal rate of 0.05 g/min, and the
value generated by the genetic algorithm is in par with the experimental values. From
the GA model developed for the TWR to establish the lesser wear rate, the obtained
values for the parameters for I, POT, Pr and Ps are 04Amps, 200µs, 0.02MPa and 15
µm to produce the tool wear rate of 0.0189 g/min. Lesser the current value, lesser the
heat energy produced and the melting of the electrode can be avoided. Also lesser the
POT value reduced the arc striking and thereby reduces the wear rate. GA models
have also been applied to optimize the Ra, and the optimal machining parameter
values for I, POT, Pr and Ps are 8 Amps, 300µs, 0.04MPa and 15µm to produce the
material removal rate of 1.25 µm. The machining parameters are having arbitrary
effect over the surface roughness. In the second stage, the developed GA model has
been applied to optimize the combined fitness function for the better machining. The
output obtained for sample iteration with the error value of 0.2356 for 100 iterations
is“01111001111011001000000101010101111101111111”The predicted optimum
machining parameters values by decoding the genetic output and the experimental
values are given in Table 3.
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Table 3 Predicted optimum machining parameters values and the experimental values

Current
(A)

POT (µs) Pressure
(Mpa)

Ps
(µm)

MRR
(g/Min)

TWR(g/min) Ra
(µm)

Set limit 4–16 Max.500 0.02–0.05 15–30 – – –

GA model
value

6 400 0.025 15 0.0357 0.0054 1.95

Experimental
value

6 400 0.025 15 0.0415 0.0065 2.45

5 Conclusions

In this research, Al-SiC metal matrix composites were selected as the workpiece to
optimize the EDM parameters to achieve the better material removal rate, lesser tool
wear rate and perfect surface roughness. Different sized SiC particles have been used
with 12 mm diameter copper electrode to drill the blend hole on the plate. Using the
sample experimental data, the developed genetic algorithm model identified the best
suitable optimal value for the supply current, pulse on time, flushing pressure and
the SiC size to get higher MRR, lesser TWR and better Ra on the machined surface.
The supply current is found to be the most significant parameter, and the developed
module can be implemented to all the types of EDMmachining process optimization
with minor modifications.

Some of the observations made during the research are as follows.MRR increases
with increase in the current, as higher current leads to higher temperature and results
in excess material removal. MRR is less for the larger SiC. For most of the particle
sizes, the effect of flushing pressure remains more or less same. Increase in the
flushing pressure will also proportionally increase the MRR. TWR also increases
with the increase in the supply current and slightly increases with the size of the
particle. For larger particle size andwith higher flushing pressure, TWR ismaximum.
The particle size and the flushing pressuremainly affect Ra. Beyond certain allowable
limit of Ps andPr, theRavalue increases. The result producedby the genetic algorithm
module is mapping with the experimental data within the allowable limits. So the
genetic algorithm module can be used to optimize the machining parameters.
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Numerical Investigation on Aluminum
Alloys Under Medium Velocity Impact
of Projectiles

N. Nandhini, M. Vijayan, and M. A. Rajesh Kumar

Abstract Aluminum alloys are widely used for aircraft structures in larger ratios,
where lightweight is themost desired property. Aluminum alloysAl2024 andAl7075
are tested for its ballistic resistance by numerical simulation using the software
ANSYS. Here the Al alloy sheets of two different thicknesses 10 and 8 mm are hit
with a projectile, and the energy absorbed by the plate is found. The projectile is
hit perpendicular to the target, and the ballistic resistance is studied. The material
behavior of the target was predicted for different parameters. The numerical results
were compared for two varying thicknesses for the incident velocities were taken as
1500 m/s. Based on the numerical analysis using ANSYS, the velocity, acceleration,
kinetic energy, ballistic resistance and energy absorbed for the plates of two different
thickness are studied.

Keywords Ballistic resistance · ANSYS · Velocity impact · Kinetic energy

1 Introduction

The important features considered for airframes and engines are fatigue sensi-
tive, lightweight, with more stiffness and damage tolerance. During the twenty-first
century, the composites and alloys were preferred for lightweight which proved to be
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Table 1 Properties of the Al2024 and Al7075 plates and Steel 1006 projectile [10]

Properties
required for
analysis

Density
(kg/m3)

Shear
modulus
(MPa)

Maximum
yield stress
(MPa)

Initial yield
stress (MPa)

Specific heat
(J/kg/K)

Al2024 T4 2785 28,600 760 260 863

Al7075 T6 2804 26,700 810 420 848

Steel 1006
projectile

7896 81,800 – 350 452

more economical and led to an increase in engine performance. The state–of-the-art,
new materials with desired properties are being developed in aerospace applications
[1]. The new materials with high strength to weight ratios having properties such
as lightweight with high strength, resistance to corrosion and creep are needed the
most. The parameters considered include cost without any compromise in quality
[2].

Fewmaterials that complywith the requirements like aluminum, titanium,magne-
sium and their alloys are used. In this paper, a numerical investigation on Al based
alloy is presented that is widely used in manufacturing aircraft components [3]. The
characteristics of metallic components for aircraft seats are discussed. It has been
found that the aluminum alloys are the major contributors for aircraft components.
The aluminum alloys (2xxx, 6xxx, 7xxx and 8xxx) are found to be the prominent
ones. Among these, the 8xxx series is widely used due to its low density [4–6].

Ballistic limit is the velocity at which the projectile penetrates a plate. The ballistic
limit varies with varying thickness. The velocity of the projectile is considered
medium to analyze the impact. The energy absorbed by the plate shows the ballistic
limit of the plate depending on the initial velocity of impact and the varying thick-
ness [7, 8]. Two different materials of more significance in aircraft applications were
considered for analysis. A steel 1006 projectile of blunt face acts as the projectile that
hits the plate with medium velocity to analyze the penetration behavior [9] (Table 1).

2 Numerical Modeling of Plate and Projectile

Software ANSYS/AUTODYN V18, a commercial hydrocode is used for modeling
and analysis of the plate and the projectile. Steel projectile is modeled by Lagrangian
process. Aluminum plate is taken as flexible material and projectile to be a rigid one
for proper and perfect perforation. Frictionless contact is maintained between the
plate and projectile for which the interaction gap is fixed as 1 mm. The plate is
modeled to be symmetrical about both the perpendicular axes [11].

Numerical modeling is done to study the impact characteristics of both the mate-
rials. The dimensions of the aluminum plate chosen are 150× 150× 10mm. Al2024
T4, Al7075 T6 and the steel 1006 projectile of length 10 mm and radius 12.6 mm
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are modeled by Lagrangian process [12]. Aluminum plate is considered as a flex-
ible material and projectile as a rigid one for proper and perfect perforation. The
projectile is initially positioned in a way such that there is a frictionless contact
maintained between the plate and projectile. The initial interaction gap between
plate and projectile is fixed as 1 mm. The plate is modeled to be symmetrical about
both the perpendicular axes.

2.1 Simulation of Impact by Steel Projectile at Different
Thickness of Al2024

The modeled plate and the projectile are meshed to incorporate the desired material
properties into the model. The Al2024 T4 plate is meshed to be a coarse one, and
the projectile has a fine mesh. The edges of the plate are fixed to resist deformation
during perforation. The initial velocity of the projectile is set to be 1500 m/s, and the
total time taken for the impact is calculated for the above conditions. The end time
is set as 0.0001 s for a thickness of 10 mm [13].

2.2 Simulation of Impact by Steel Projectile at Different
Thickness of Al7075

TheAl7075T6plate ismeshedwith similar conditions. The plate is fixed in the edges.
The initial velocity is 1500 m/s for the same thickness of 10 mm. The perforation is
observed for the two different materials for the same thickness.

2.3 Mesh Statistics for the Different Geometry

Table 2 shows the number of nodes and elements of the Al2024 and Al7075 plates
and the steel projectile for analysis. The elements of the geometries are meshed for
coarse mesh in case of plates and fine mesh for projectile (Fig. 1).

Table 2 Mesh statistics for
the different geometry
considered for analysis

Geometry Node Element Mesh size

Al2024 T4 plate (8 mm) 2304 1587 coarse

Al7075 T6 plate(10 mm) 2880 2116 coarse

Steel 1006 projectile 6475 5520 Fine
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Fig. 1 Mesh diagram of a Al2024 T4 plate 10 mm thick and steel projectile b Al2024 T4 plate
8 mm thick and steel projectile c Al7075 T6 plate 10 mm thick and steel projectile and d Al7075
T6 plate 8 mm thick and steel projectile

3 Results and Discussions of the Problem

The tests were performed to investigate the perforation of the plates. Notch formation
in the plate can be seen clearly as shown in Fig. 2, and it matches well with the results
shown in literature. The difference in the time at which the notch formation occurs
may be due to the different thickness of the plates. The delay in notch formation
may be owed to the increased thickness which also indicates an increased ballistic
resistance.

The structural failure occurring due to the fracture due to which crack may occur
propagates resulting in failure. It shows the importance of learning the deformation,
i.e., the formation of notch and the damage mechanism which needs to be avoided
for better results.

Figure 3 shows the trend with which the velocity of projectile varies with time.
The initial velocity with which the projectile moves is taken to be 1500 m/s. The
projectile touches the plate after a while. The notch is formed around the time when
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Fig. 2 Notch formation images of a Al2024 T4 plate 10 mm thick and steel projectile b Al2024
T4 plate 8 mm thick and steel projectile c Al7075 T6 plate 10 mm thick and steel projectile and
d Al7075 T6 plate 8 mm thick and steel projectile

Fig. 3 Graph showing the variation in velocity of the projectile with respect to time
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Fig. 4 Graph showing the variation in acceleration of the plate with respect to time

the graph shows nonlinear variation showing lowering of velocity. The projectile
once passed through the plate moves with increased velocity, and later it travels with
a constant velocity. The lowest value of velocity can be seen when the projectile
passes through Al7075 T6 plate of 8 mm thickness that is due to higher resistance
for penetration.

Acceleration varies in a nonlinear fashion during and after perforation which
could be observed apparently from Fig. 4. Al7075 T6 plate of 8 mm thickness has
the highest acceleration after penetration showing the higher resistance offered by the
plate against impact. The acceleration produced in the plate is of nominal range that
may lead to delamination. When a higher acceleration is created as seen in Al7075
T6 plate of 8 mm thickness, it may lead to increased vibration in the plate because
of the increased resistance offered (Fig. 5).

The residual kinetic energy was calculated from the initial impact velocity and
residual velocity after the penetration by the projectile. A good mesh convergence
gives appropriate results which could be used to analyze the plate for variations
in kinetic energy for different thickness [14]. The 8 mm plate in both the material
has the higher kinetic energy value compared to other thickness. Changes in the
thicknesses influence the amount of kinetic energy absorbed. Energy absorption in
the target plates is largely independent of the projectile nose geometry reported by
[9, 15] (Fig. 6).

The mass of the projectile and its diameter have a significant effect in the energy
variation trend of the projectile. The fixedmass and diameter of the projectile explain
the ballistic resistance of the plate for varying thickness and material. Ballistic anal-
ysis of the plate that shows complete perforation is studied to understand the ballistic
limit and proportional energy absorption by ANSYS.

The aircraft is designed in a such a way that it has to resist damage under impact
loading since it occurs in an unplanned way like hail, foreign object, bird strike, etc.
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Fig.5 Graph showing the variation in kinetic energy of the projectile with respect to time

Fig. 6 Graph showing the energy summary of the projectile with respect to time

4 Conclusion

The behavior of the Al plates after being penetrated by a blunt projectile is inves-
tigated using ANSYS/AUTODYN V18, a commercial hydrocode. A simple yet a
model with required details is presented and analyzed to study the progress of pene-
tration. Variation of velocity, acceleration and kinetic energy has been studied with
varying thickness of plate for the same size of projectile and impact velocity.
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The test results give the interconnection between velocity, acceleration and kinetic
energy with respect to the two different thicknesses considered for the different
materials considered for analysis. As per the results from the analyses, it shall be
concluded that the damage in the plate is lesser due to the impact of the projectile
when the thickness is more for the same material. Since the body is constrained on
all edges, the ease of penetration is lesser.

From the numerical analysis, we can conclude that the results obtained for
impact velocity of projectile, acceleration of the Al plates, energy absorbed by the
plates comply with the results from the literatures referred. Medium velocity impact
behavior of the plates with parametric variations was analyzed to get different results
which could be useful for future study.

This investigation on medium velocity impact projectiles is considered for the
projectiles like runway debris that hit the aircraft base while taking off or landing
because of the speed with which it travels [16].
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Priority-Based Task Allocation
and Scheduling in WSN Using DMPS

M. Suguna, D. Prakash, G. Shobana, and J. Cynthia

Abstract The network outturn can modify once the network size has changed, and
the right to scale propertywill be granted. In densewireless networks, it gives substan-
tive performance. Dynamic multilevel priority (DMP)—except for those present at
the last level in the zone-based topology of wireless networks, the proposed system
schedules tasks have more than two levels of priority queues. The highest priority
queues are placed by real-time task and can forestall data packets in other queues.
Based on the threshold value, the non-real-time task is estimating the processing
time hierarchy leaf nodes have two separate queues, one for real-time purposes and
one for non-real-time tasks. This process evaluates the performance of the proposed
scheduling of DMP tasks which performs much better than traditional schemes by
averaging the waiting time for data processing and the delay in delivering the output.

Keywords Capacity of network · Partition · Task scheduling · Dynamic multilevel
priority · Localized scheduling algorithm · CSMA algorithm

1 Introduction

A wireless network is any form of electronic network that uses wireless information
connections for connecting network nodes. Task scheduling in the TCP connection
is established when a packet is arrived, and it automates the insertion of packets to
the MAC layer [1, 2]. Scheduling system must decide at any time on which it links
to transmit the packet. The goal is to reduce short files and high latencies waiting
time. DMP task—the scheduling nodes are virtually arranged in a hierarchical way
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[3]. There are three types as follows (i) real-time data packets (priority 1), (ii) non-
real-time remote data packets received from lower-level nodes (priority 2) and (iii)
non-real-time local data packets sensed from the node itself (priority 3).

2 Literature Work

The traditional view ofwireless networks as connected graphs over which end-to-end
paths have to be established is carried over from conventional computer communi-
cation networks [4]. The concept could not be applicable to some previous and
emerging wireless networks, where there may be no contemporaneous end-to-end
paths between the source and destination pairs for a variety of reasons, including
node mobility, wireless propagation phenomena, malicious attacks and power limi-
tations [5]. To provide communication services in such highly challenging wireless
networks, delay/disruption tolerant networks (DTNs) are proposed which exploit the
opportunistic connectivity and node mobility to relay and carry messages around the
network. Suppose, when the next hop is not immediately available for the current
node to deliver a message, some relay nodes will store the message in their buffers,
carry the message along their movements and forward the message to other nodes
when a communication opportunity is occurring, which helps to transmit themessage
further. Efficient CSMA algorithms are using an appropriate queue-based weight in
CSMA parameters. Main purpose of this paper is to reduce the waiting time of the
short files and high latencies [3, 1].

3 System Architecture and Scheduling Methods

3.1 Dataflow Diagram

Figure 1 describes the data flowstructure of theCSMAmethod. Initially, the nodes are
usingAODVrouting [6]. Then the packetwill be sent from source to destination using
LSA algorithm. The network will be partitioned into more no. of distributed area that
performs the link scheduling, since it produced aminimum throughput andmaximum
throughput. So, in thiswork implement anMWSandCSMAalgorithm [7]. TheMWS
algorithm work is based on the packet weight basis. After that implement a CSMA
algorithm. The CSMA algorithm is mainly used to avoid the collision and improve
the throughput [8, 9]. The advantages of the scheme are reducing the communication
overhead and no time synchronization. If the transmission is successfully reaching
the destination means, it will store in base station. Otherwise, it will repeat the step
until reaching the destination.
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Fig. 1 System architecture

3.2 Scheduling Partition

(A) Distributed Partitioned Protocol

The measurements of each partition in the network should be less than the crit-
ical radius of transmission. Initially, the large wireless network will decompose into
multiple small networks using distributed partition protocol [10] and [11]. Specifi-
cally, to partition localities should be enclosed between an inner computer disk of
radius. Protocol structure contains below listed steps.

Step 1: Control slot chooses a decision schedule to set of links m(a).
Step 2: It will change the previous state from next.
Step 3: Link I in m(a) active with probability x(a) = 1.
Step 4: Link I in m(a) inactive with probability x(a) = 0.
Step 5: After that use x(t) as a transmission schedule.

(B) Localized Scheduling Scheme

The (LSA) localized scheduling algorithm [8] steps are as follows:
Step 1: Collections of links that are ready to transmit as an input.
Step 2: After that they choose a link indefinitely from an entire network.
Step 3: Finally, the link satisfies the main result will have a minimum delay.
Step 4: Then move to the CSMA and DMP algorithms.

3.3 Carrier Sensing Multiple Access Algorithm

This section presents a model for collision-based CSMA/CA scheduling [5, 7, 12].
To measure the network’s bandwidth in Eq. 1 below.
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�(s) = 1/z exp (
∑

wi); s ∈ M (1)

ies where z is a constant, w is the weight of the scheduling task, so is the set of
nodes. A proper schedule not solely avoid collisions of every receiving node within
the whenever slot and additionally reduce the number of your time slots, latency.

3.4 Dynamic Multilevel Priority Scheduling Algorithm

The general nodes are virtually organized, and it follows a hierarchical flow. At the
same level are the nodes that are at the same hop distance from the base station.
The three levels of queues in the ready queue are priority 1, 2 and 3. [1, 6].DMP
scheduling algorithm is defined as below.

Step1: while taska, b is received by nodebat level a
do
if Type (taska, b) = real − time then
put taska, b into p1 queue
else if nodebis not at lowest levels then if taska, b is not local then
put taska, b into p2 queue else put taska, binto p3 queue end if
else put taska, b into p2 queue end if
Step2: here assumption of timeslot at la = t(k) Data sensing time at lkof nodei =

stimea(t) Remaining time tl(a) = t(a)-stimea(t)
Let total real-time tasks for nodebat la ← na(p1) Let procTime p1(a) ← _na(p1)
e = 1 procTime (e)
if procTime p1(a) < t1(a) then
Step 3: All p1 tasks are processed as FCFS
Remaining time t2(a) ← t1(a) – procTime p1(a)
Let procTime p2(c) ← _nc(p2).
e = 1 procTime(e)
if procTime p2(a) < t2(a) then
Step 4: All p2 tasks are processed as FCFS
end if
Finally, to the lowest priority queue, the non-real-time data packets will be sent.

4 Results and Discussions

The network simulations, the propagation time of all links and the backoff time
of contact k are distributed exponentially with average 1 ms and 1/exp (rk) ms. Table
1 is usedin the DMP scheduling to represent simulation parameters. The simula-
tion starts with 200 nodes. After that it will be decomposed intomany small partitions
and will transmit the packet with the speed of 250kbps. The simulation results are
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Table 1 Simulation
parameters

Parameter Value and size

Network bandwidth 100 m × 100 m

Node size 50–200

Zone size 5–15

Base station position 50 m × 100 m

Initial node energy 2 J

Propagation speed 198 × 10ˆ6meter/sec

Transmission speed 250Kbps

listed below. It consists of mainly three parameters: They are throughput, time delay
and overhead. It will compare the existing and our proposed algorithm. Comparing
the existing DMP scheduling algorithm is providing good performance [1, 3, 7].

Figure 2 shows the comparison of overhead analysis in CSMA algorithm, MWS
with the existing LSAmethod. The packet overhead can be expressed as a percentage
of non-application bytes divided by the total number of bytes in the message. Using
the LSA scheme got 95%overhead, but using CSMA, reduce an overhead into <60%.

The routing will be performed between the intermediate nodes using AODV
routing. And, the nodes also move dynamically [10]. The size of the nodes is 50, and
the length of the network is 100 m × 100 m. Transmission energy consumptions are
50 n joule/bit. The transmission speed of the nodes is 250kbps. Each node has been
linked within network.

Fig. 2 Deployment of node
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In Fig. 3, communication is established between node 0 and node 8, node 24 and
node 25. The network will be divided into more number of partitions. Then connect
the partition networks using LSA scheme. Using LSA, obtain some packet losses.
Messages will be sent between nodes, and there will be packet drops between the
nodes. In Fig. 4, the source node will initiate the routing and transmit the packet to
the destination via neighbor sink and partition node. After LSA implementMWS and

Fig. 3 Communication between nodes

Fig. 4 Source send packet to destination without collision
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CSMA algorithm. After implementation of CSMA, obtain a maximum throughput,
minimum collision, minimum delay and minimum overhead. So CSMA is better
than the existing scheme.

Figure 5 represents the comparison of overhead analysis in CSMA algorithm,
MWS with existing LSA method. Using the LSA scheme got 95% overhead, but
using CSMA, reduce an overhead into <60%.

Figure 6 shows that the comparison of time delay ratio of CSMA algorithm,
MWS with existing LSA method. The graph is plotted between the timescale. The
propagation delay is a measurement of the time for a data to reach its destination.

Fig. 5 Overhead comparison graph

Fig. 6 Time delay comparison graph
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Fig. 7 Throughput comparison graph

Table 2 Simulation comparison

Algorithm/parameters No of nodes Time delay (ms) Overhead (ms) Throughput (bps)

LSA 100 92 46 40

CSMA 100 90 41 65

DMP 100 80 32 90

Using LSA, scheme got >90%, and finally using CSMA it will reduce in to <75%.
So, the time delay will reduce compared to previous algorithms.

Figure 7 shows the comparison of throughput ratio of CSMA algorithm, MWS
with the existing LSA method. And it will be denoted by packets per time unit.
Hence, it achieves maximum throughput.

Table 2 represents the performance of each algorithm. Comparing localized
scheduling and carrier sense multiple access, dynamic multilevel priority scheduling
providing better result. Here the time delay reduced from 92 to 80 ms, overhead
reduced from 46 to 32 and throughput increased from 40 to 90bps.

5 Conclusions

The task scheduling is implemented in wireless networks using DMP using NS2
simulator [7]. It reduces the waiting time to process data and to improve the perfor-
mance and CPU utilization. The technique of scheduling partition is to achieve
optimal scaling of resources in large wireless networks in order. The complexity
is reduced, and it achieves the same result as theoretical method. Based on the
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design principles, they proposed a CSMA distributed protocol. The nodes need to
be informed with the MAC and carrier sensing information. This is the practical
solution to increase the capacity of large wireless networks.
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Characterization of Conformal Antenna
for 5G-Enabled Industrial Robots

P. Hamsagayathri, P. Ramya, T. Perarasi, and R.Gayathri

Abstract The conformal microstrip patch with circular slot antenna with coplanar
waveguide feed is developed to operate in millimeter wave for industrial robot
communications. The proposed antenna structure is designed on conformal substrate
RT/Duroid 5880 and portion of the ground plane are tapered to realize the broad
bandwidth characteristics. The circular slots are made at the center of the patch to
attain stable radiation pattern over the frequency range of 24.75–27.25 GHz. Both
the impedance and radiation characteristics of the proposed structure are simulated
usingADS software, where it resonates at 26GHzwithminimum return loss of 48 dB
and VSWR of 1.023. Moreover, radiation characteristics of the proposed antenna are
observed at 26 GHz. The proposed antenna achieves maximum gain of 4.22 dBi with
radiation efficiency of 88.65%.

Keywords Microstrip patch · Robots · Circular slot · 5G communication ·
Coplanar waveguide

1 Introduction

In the recent years, 5G technology is gaining interest in wireless communication,
where technology and innovation promise to transform the state-of-the-art communi-
cation in robotics. Known by the International Telecommunications Union (ITU)—
the global regulator—as IMT-2020, the standard seeks to push boundaries. It aims to
transform the cellular networks, communication devices that connect to them along
with their operating frequencies [1–5].

Industrial robotics are high beneficiary, with wireless control of highly sophis-
ticated mobile machines becoming feasible—as well as the possibility for robots
to exploit the tremendous computational power and storage capacity in the cloud,
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without being fastened by physical wires. Moreover, 5G redefines the robotic capa-
bility and shows the massive leap forward transformation in the industries [6, 7].
Most modern manufacturing facilities alreadymake extensive use of robots in the car
industry. The medical sector is another domain where the use of robotics is growing
and is a great example of how combining robotics with 5G communications has
the potential to change lives. Using 5G communications and global navigation and
satellite systems can communicate future robots and enable them to perform required
actions. Robots also play vital role in agriculture where they improve farming oper-
ations by moving through a field of crops to monitor growing conditions. Robots are
able to send near-real-time video imagery and other information to a central control
system and then perform actions such as pruning, spraying or harvesting crops.

Dual band antenna was designed in [2] to operate in both 2.4 and 5.5 GHz, where
it was highly flexible and robust when compared with conventional patch antennas.
Antenna in [3] was designed using CPW-fed to reduce the dispersion and smooth
radiation characteristics were achieved. Moreover in [4], slots were introduced to
obtain the wideband characteristics by means of coupling between the slots in the
patch. The slotted structure also reduces the antenna size by 37%. Graphene-based
antenna was proposed in various literatures [6, 8, 9] for high-speed communication.
The performance of such antennas was also evaluated for different substrates like
silica, quartz, aluminum nitrate and so on, and its both impedance and radiation
characteristics were studied.

5Gcreates newera of communications that enable pioneeringuse cases in robotics,
and this can be achieved by enabling the robots to operate in close proximity without
interfering with one another. In addition, 5G technology is gaining over other due to
its characteristics such as wide bandwidth, shorter wavelength and its propagation
behavior in different mediums. Different antenna structures have been proposed for
5G communications in the literature [9–15]. However, each has its own pros and cons.
In this paper, conformal printed antenna is designed on RT/Duroid 5880 substrate to
achieve broader bandwidth at the operating frequency of 26 GHz.

2 Methodology

2.1 Design

The substrate dielectric constant, thickness of the substrate and operating frequency
are three key parameters required for designing an antenna.

The selection of substrate is the crucial factor in antenna design, where microstrip
losses are high in millimeter wave bands and they are categorized into dielectric,
conductor and radiation losses. “The dielectric constant for the substrates is chosen
in the range of 2.2 ≤ εr ≤ 12 to design microstrip antennas.” “Thick substrate
with low dielectric constants provides better radiation efficiency, wider bandwidth
but it increases the total size of the antenna”; whereas, thin substrate with high
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dielectric constant reduces the undesired surface waves excitation and coupling but
they produce less radiation efficiency with narrow bandwidth.

By considering all these factors, “RT/Duroid 5880 substrate with εr = 2.2 is used
for antenna design with thickness of 0.5 mm at operating frequency of 26 GHz.”
Width of the patch is calculated as

W = C0

2 fr

√
2

∈r +1
(1)

The step by step antenna design calculations are listed below [8, 16].The radiation
characteristics of the proposed antenna vary with the width of the patch, and it greatly
affects its bandwidth and radiation efficiency. Due to fringing effect, electrical width
ofmicrostrip antenna is larger compared to its physical dimensions and hence electric
field lines incident on the antenna pass through both in the air and substrate. Hence,
“effective dielectric constant” is formulated as below

∈reff= ∈r +1
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Extension in electrical length of the patch is usually calculated using the above
equation, where �L is the function of “effective dielectric constant ε_reff, height of
the substrate h and the width-to-height ratio (W/h).”

In general, length of the patch is half of the operating wavelength and the actual
length is calculated by subtracting the length extended on both edges from effective
length.

Lre f f = C

2 f0
√

εre f f
(4)

L = Leff − 2 � L (5)

The dimensions of the conformal patch antenna are calculated using the above
listed design equations. The general layout of the antenna structure and its parameters
is given in Fig. 1 and Table 1.

2.2 Analysis

The proposed conformal center circular slotted antenna is analyzed using transmis-
sion line model. The microstrip antenna is represented as two radiating slots with
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Fig. 1 Structure of the
proposed antenna

Table 1 Layout parameters
of the proposed antenna

Layout parameter Value(mm)

Lp 3.5

Wp 4.5

Wf 2.1

Lf 1.5

Lg 5

Wg 5

D 0.3

R 0.5

Gap 0.5

each of width (W) and length (L), where they are “separated by the transmission line
with low impedance” of length “d” [17]. Due to finite patch dimensions, electric and
magnetic field lines are uniformly distributed along patch and the lines at the edges
undergo fringing. “The amount of fringing depends upon the dimension of the patch
and height of the substrate.”

Substrate and radiator materials have great influence over the antenna perfor-
mance. Because of high electrical conductivity, graphene material is chosen as the
radiating element and the simulation is carried out for designed antenna structure.
In addition, as the height of the substrate increases, fringing also increases with
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large separation between the two radiating edges and lowers the resonant frequency.
Hence, antenna for millimeter wave is designed with substrate with thickness (h)
of 0.5 mm. The proposed antenna structure is fed using coplanar waveguide, where
it reduces the dispersion by minimizing the parasitic effects of discontinuities in
ground plane. It also aids to realize the broadband characteristics. However, such
feed requires thick substrates, and hence the thickness is optimized in the antenna
design.

3 Simulation Results and Discussion

The antenna proposed for 5G communication in robots is designed and simulated
using ADS (2016). In ADS, antenna structure is meshed into tetrahedral shapes,
and direct dense solver is applied to solve the Maxwell’s integral equations. The
impedance and radiation characteristics of the proposed antenna are studied and
analyzed to evaluate its performance.

3.1 Impedance Characteristics

The impedance characteristics of the antenna are analyzed by its return loss and
VSWR curves. “Return loss quantifies the loss of the power in the incident signal that
reflected or returned back to the source due to discontinuity in the transmission line.”
The return loss is alwaysminimumat the resonant frequency.As the equivalent circuit
of microstrip antenna has R,L,G and C elements, antenna is neither inductive nor
capacitive at the resonance and hence it is able to radiate the radio waves efficiently.
“The return loss characteristics of the proposed antenna structure are shown in Fig. 2
where it exhibits the minimum return loss of −48 dB.”

With reference to −10 dB, the impedance bandwidth is calculated and from the
simulation result it is examined that proposed antenna structure realizes broad band-
width of 2.5 GHz in the range of (24.75–27.25 GHz) which achieve the requirement
of the millimeter wave applications.

“The voltage standing wave ratio (VSWR) measures the impedance mismatch
between the antenna port and feed line connecting to it.” The proposed antenna
design attains minimumVSWR of 1.023 at the resonant frequency of 26 GHz, which
is well below the industrial standard, and it is shown in Fig. 3.

The impedance curve of the proposed antenna structure is shown in Fig. 4, where
it attains the impedance of 50.2 at the operating frequency of 26 GHz.
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Fig. 2 S11 characteristics of proposed antenna

Fig. 3 VSWR of proposed antenna

3.2 Radiation Characteristics

The radiation characteristics of the antenna are analyzed by considering different
parameters like gain, directivity, efficiency, polarization, current distribution and its
radiation pattern in E-plane and H-Plane.
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Fig. 4 Impedance curve of proposed antenna

The tapered sections in the ground plane in CPW-fed increase the bandwidth
with slight decrease in the gain, and it attains 4.22 dBi. The antenna gain is always
measured with respect to isotropic antenna. The directivity defines the ability of the
antenna to radiate the accepted power in particular direction. The proposed antenna
achieves the maximum directivity of 4.76 dBi with radiation efficiency of 88.65%.
The radiation parameters of the proposed structure and conventional antenna are
compared in Table2 (Fig. 5).

The circular slots are made at the center of the patch to increase its electrical
length of the antenna which enhances its radiation pattern. “The shape of radiation
pattern is constant at far fields, and hence radiation characteristics of the proposed
antenna are evaluated in that region.” Fields in E- and H-plane are not only normal to
each other but also with the direction of propagation. The strong and weak radiating
fields of the antenna are indicated in red and blue color.

Table 2 Variations in
radiation characteristics for
different substrates

Parameters Rectangular patch Proposed antenna structure

Gain 1.64 4.22

Directivity 2.18 4.76

Efficiency 76 88.65
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Fig. 5 Radiation pattern

4 Conclusions

In this paper, the performance of the antenna is studied to meet the requirements
of 5G communication in robots. The tapered section in the ground plane increases
the impedance bandwidth of 2.5 GHz (24.75–27.25 GHz) and helps to speed up the
data transmission in 5G communications. The dimension and position of the circular
slots are adjusted to control the shape and direction of the main lobe of radiation
pattern. The proposed antenna structure achieves the radiation pattern with no side
lobes. It attains the maximum gain or 4.22 dBi with radiation efficiency of 88.65%.
The performance characteristics of the antenna can be studied on different conformal
structures of robots in the future.
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Performance Analysis of Booth
Multiplier-Based FIR in DWT Image
Processing Applications

S. Tamilselvan, R. Ramesh, K. Hema Priya, and B. Nithya

Abstract Themain objective of this work is to suggest an FIR filter for convolution-
based DWT in image processing. Image processing using filters mainly suffers
from the delay caused by the multiplier unit. Herewith, we have proposed booth
multiplier-based MAC architecture for the design of FIR filter. Hence, the overall
system achieves maximum speed improvement of 13.83% and area reduction by
22.39%. This work assures that the performance improved VLSI architecture for
image processing with DWT techniques.

Keywords FIR filter · DWT image processor ·Multiplier

1 Introduction

Recent days, the usage of DWT-based image processing is of the essence in reducing
the storage space needed for an image. This also can be enhanced by many different
compression techniques. But the resultant image may not have higher order of reduc-
tion. But by using DWT scheme, the order can be improved up to the level of 1/N,
where the N is the number of quadrants (LL, LH, HH, HL). While performing the
wavelet compression, the invisible high-frequency, high resolution part of images
can be neglected [1]. This will make the compression as most efficient one, as the
¼ of the image is only used to store. A convolution-based three-level architecture is
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also proposed in [2]. However, the two level itself is a popular technique to produce
compact image. High throughput and less computation time applications can be
appropriate for this architecture, which reduces the computation time by half. Also
the lifting base structures save considerable area. The two-dimensional multi-level
DWT is discussed in the paper [2] and extended the same up to the dimensions
of three using bi-orthogonal and Daubechies filters. The line buffered wavelet filer
having M as the number of image proposed in [2] has the benefit when it is used in
top throughput.

This leads to the drawback of having more adders and multipliers. If there is more
mutual architecture available which computes data streams, then 100% hardware
utilization is possible [3] and [4–7].

2 Booth Multiplier-Based Fir

Booth multiplier-based product generation has the advantage that the number of
partial product rows required to calculate the product will be exactly half that of
number of partial products needed for the ordinary multiplication methods.

For an example, the number of partial product rows needed for 64 bit ordinary
multiplier is 64 rows, wherein the same multiplier would generate only 32 rows in
the case of booth-based techniques.

An example for booth multiplier was shown in Fig. 1. Here 6 × 6 bit multiplica-
tions were performed. But instead of producing six PPR rows, only three rows were
generated to produce the product values.

This makes the number of multiplier component that will be reduced in numbers
and thereby the architecture size reduced [8, 9] and [10–15].

Fig. 1 Example 6 × 6 booth
multiplier 0 0 1 1 1 0 Multiplican

d 
0 1 0 1 0 1 Multiplier

0 0 0 0 0 0 0 0 1 1 1 0 PPR 1 
0 0 0 0 0 0 1 1 1 0 0 0 PPR 2 
0 0 0 0 1 1 1 0 0 0 0 0 PPR 3 
0 0 0 1 0 0 1 0 0 1 1 0 Product 
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Fig. 2 Simple FIR filter
structure

3 FIR Filter

The filters are playing important role in selecting the required value from the large
numbers. Here in the case of DWT as a compression technique, only the most impor-
tant information alone is to be taken for defining the images. The high-frequency
values will be neglected while the picture is being compressed.

For selecting the low-frequency values from the available image samples, the FIR
filer is used.

A simple FIR filter structure is shown in Fig. 2. So this filter is also called as
low-pass FIR filter in DWT process.

4 DWT System

The image compression techniques can be split into two types, known as lossy
compression and lossless compression. Further, the lossless compression has entropy
coding and decorrelation technique. TheRLC and statistical codes fall under the cate-
gory of entropy coding, wherein the prediction-based compression, transform-based
compression and multi-resolution-based compression are the types under the cate-
gory of decorrelation method. On the other hand, the lossy compression technique
has transform-based and non-transform-based compression as types. Vector quan-
tization and fractals are the types of non-transform-based compression techniques.
The advanced and high efficient compression techniques like DCT and DWT fall
under the category of lossy transform-based compression techniques. The DWT
removes the drawback of DCT. A wavelet is a function which has the properties
like average value as 0, duration limit and frequency varying, with waves on the top
and underneath the x-axis. Sometimes, high frequencies use narrow windows, and
low frequencies would be preferred at wider windows. A wavelet is like sin and cos
functions with ψk(t) function as given below

f (t) =
∑

akψk(t)
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Table 1 Sub-bands of DWT Frequency band Horizontally Vertically

LL Low pass Low pass

LH Low pass High pass

HL High pass Low pass

HH High pass High pass

A full image will be applied to DWT compression process. So that better
compaction in energy is achieved as compared to DCT techniques. There are four
sub-bands available in terms of frequency as shown in Table 1.

Usually, a low-pass filer will be used as FIR filter, and the image is passed in it. The
undisclosed information of the images will be put out of sight in the LH, HL and HH
portions, and only LL portion of low-frequency image element is more perceptive to
our human eyes. It is obvious that the disclosed information in three portions has no
data in it, and this high-frequency parts will not affect the quality of the image [16].
Threemore important properties are linear time complexity, adaptability and sparsity.
In special case of finger print image compression, image fusion, image matching and
retrieval, image recognition and noise filtering, the wavelet compressions can be
applied [17, 18].

4.1 Convolution-Based DWT System

The multiply and accumulation unit is a heart of FIR filer design. This MAC unit
has multipliers and accumulators [19]. The multipliers produce product for floating
point input numbers. The addition process is repeated every time to add the product
with the previous MAC output. This can be given by the equation

m[i] = m[i− 1]+ x[i].y[i]

where m[i] is the MAC output at ith iteration, and x[i] and y[i] represent the input
for the multipliers. Here instead of ordinary multiplier, booth multiplication is used
to generate the products, so as to minimize the number of partial product rows. Solo
stage pipelined 8 bit floating point filter structure is shown in Fig. 3.

Input bit D decides the type of operation performed. If D = 1, then it performs
multiplication, and if I is 0 then MAC operation is performed. Select line decides
the input to be passed through it during the row and column processing. Totally, 96
clock cycles are needed to complete the row processing. Number multiplicands will
decide the number of clock cycles.

By using pipelined structurewith twoMACunits, convolution time can be reduced
by half and requires small area and very small power consumption for the operation.
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Fig. 3 Single-stage pipelining structure

4.2 Model for DWT Implementation

HDL codes for both existing and proposed designs are modeled and simulated in
Xilinx ISE simulator, and by Cadence tool, the codes were synthesized. The overall
architecture is shown in figure (Fig. 4).

Proposed DWT gets the selected address lines from the lookup table, where all
the select lines are being stored. A preset register operated by means of clock will
be continuously incremented by the adder with default ‘1’ as one of the inputs.
This will help the address lines of be continual values are stored in lookup table.
The DWT of the image is obtained by using direct DWT2 function in MATLAB
code [10, 20–24]. The same can be obtained by using the DWT algorithm, which is
explained in this section. The algorithm setup can be written in hardware description
code. The HDL code again simulated in Xilinx tool to verify its functionality, and
the same can be used with the booth multiplier instead of the ordinary multipliers.
Here the number of partial product rows can be minimized into half of the actual
no. of rows required. This will be an added advantage for the area wise reduction
of the architecture, and speed of the circuit can also be improved to better extent.
Again the HDL code with booth multiplier for the DWT was simulated to get the
DWT transformed image. This can be extended up to N number of dimensions as
like MATLAB code does. The extended dimensions like 2D and 3D DWT are also

Fig. 4 Overall architecture of DWT
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possible with this technique, finally the proposed architecture is implemented in the
FPGA kit, and the performance analyses were done.

4.3 Simulation Result Analysis

The simulation result shows that the PSNR values are high, and the pictures look
in same as other compression techniques. The simulations were done by using
MATLAB software. Also the VHDL simulation was done by using ModelSim, and
the parameters evaluation is carried out by Cadence software. The mean square error
(MSE) is given by, MSE = 1

L

∑L
i=1 [pi − qi ]2 where the input sequence is pi, output

sequence is qi, and data sequence length is denoted by L. Also the pixel to noise ratio
is given as, PSNR = 10 log

10
(

p2

MSE

) where p is the peak value of the input sequence

(Fig. 5).

Tables and Graph

The area and delay values for different compression techniques were shown in Table
2. It is observed that the performance of the DWT is more suitable for the image
processing where there is a lack of storage space with improved performances as
tabulated (Table 2).

Average performance of the proposed technique satisfies the significant reduction
in both area and delay values as shown in Figs. 6 and 7.

Fig. 5 a and c Original images, b and d DWT image

Table 2 Performance
analysis

Methods Area (μm2) Delay(ps)

Floating point DWT in [11] 52,678.3 26,479.2

Floating point DWT in [12] 29,458.1 27,968.4

Floating point DWT in [13] 58,945.6 253,147

Proposed DWT 45,746.2 24,569.2
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Fig. 6 Area comparison

Fig. 7 Delay comparison

5 Results and Discussion

The result shows that the proposed work and the existing work will produce
same image output. But in the performance wise and area utilization wise, the
proposed architecture stands in its place. So this proposed architecture can be used
in DWT-based image processing applications like convolution-based compression
with minimum number of resources, energy and time.
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Structural and Optical Studies on Radio
Frequency (Rf) Magnetron Sputter
Deposited Nickel Oxide Thin Films

K. S. Usha, R. Sivakumar, and C. Sanjeeviraja

Abstract Nickel oxide, an example for metal oxide has its own remarkable impact
as anodic coloring material in the field of electrochromic smart window. Radio
frequency sputtering technique is implemented in preparing thin film of nickel oxide
(NiO) over microscopic glass substrate. The conformational analysis is done by X-
ray diffraction technique (XRD) and UV–Vis–NIR spectrophotometer. XRD reveals
the crystalline nature of the deposited NiO thin film. A maximum transparency of
92% is obtained for the film deposited at 160 W RF which finds a wide application
in optoelectronic devices.

Keywords Radio frequency magnetron sputtering · NiO · Optical properties ·
Transmittance · Optoelectronic devices

1 Introduction

Electrochromic devices (ECD) are the one which vary its optical properties to the
external electric field applied which made them to retain its position in various
advanced applications. To name a few, they are being used in smart windows where
the transmission of the solar radiation is being altered, as output displays and in
automotive mirrors where they prevent glaring during night driving. The attractive
interests of ECD are its low-power conception and open-circuit memory which is
being decided by the imperative layer used. This electrochromic film layer is formed
either by amorphous material or by crystalline oxide which is deposited over a trans-
parent conducting oxide-coated glass or plastic sheet. Among the conventional EC
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materials,NiOhavingpolycrystalline structure and amorphous tungstenoxide (WO3)
are widely used due to its desirable optical properties [1–3].

Tunable optical properties with the external stimulus made these electrochromic
devices to find a wide variety of applicational aspects [4–7]. The transition metals
used find their significant applications in electrical conductivity and magnetic prop-
erties; whereas, tungstates fit them in laser and fluorescent lamps. Their utility is
being extended as humidity sensors and catalysts [8, 9]. In this investigation, nickel
oxide film is being coated as thin film by RF sputtering technique, and their structural
and optical properties are investigated further to fit them for the apt applications.

2 Materials and Methods

2.1 Experimentation

A transparent glass material is used as substrate for depositing electrochromic film
layer. Thin film of nickel oxide is prepared and deposited on the transparent glass
substrate via RFmagnetron sputtering technique. The target nickel oxide is manually
prepared whose diameter is measured to be 5 cm.While depositing the prepared thin
film, a uniform pressure of 5× 10−3 mbar is maintained inside the chamber. The gap
between the anode and the cathode is fixed approximately to be ~6 cm throughout
the deposition process. This deposition is carried out at ambient temperature for
about thirty minutes with an RF power of 160 W. After successful completion of the
deposition, the thickness of the film deposited is measured using Stylus profilometer
(Mitytoyo, SJ-301). The structural pattern of the film deposited is confirmed by X-
ray diffraction analysis (XRD, X’ pert Pro PANanalytical), and the optical properties
are elucidated from UV–Vis–NIR spectrophotometer (JASCO;V-670).

3 Results and Discussions

3.1 Structural Study

Nickel oxide thinfilmdeposited atRFpower of 160Wshows thickness (t) of 0.78µm.
The XRD pattern obtained for the deposited thin film is depicted in Fig. 1. From the
spectra obtained, it is well noticed that the film formed is of cubic structure which
is further confirmed from the peak obtained at 42.9° which corresponds to ( 2 0 0)
orientation. The data obtained experimentally is compared with the (JCPDS Card
No. 89–7130) data and fits well. Thus, the XRD analysis carried out confirms the
prepared NiO film as crystalline one.
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Fig. 1 X-ray diffraction pattern of NiO thin film

3.2 Optical Transmittance

The optical transmission spectra of the deposited NiO thin film are recorded in the
wavelength of 300–2500 nm, and the obtained spectra is depicted in Fig. 2. It is
concluded that nickel oxide thin film deposited at RF power of 160 W shows the
highest transmittance (92%) in the VIS–NIR regions. MnS thin films prepared by
sol–gel technique [10] show a transmittance of 85% only.

Fig. 2 Optical transmittance spectra of NiO thin film
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4 Conclusions

Nickel oxide film deposited by RF sputtering technique has been investigated for
their optical and structural properties. The thickness of the film deposited is calcu-
lated by Stylus profilometer. XRD reveals the crystalline nature while the transmit-
tance is confirmed through UV–Vis–NIR spectrophotometer. The highest transmit-
tance obtained remains a token of evidence for the material prepared to be used in
electrochromic and optoelectronic device applications.
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Classification and Detection Techniques
of Fault in Solar PV System: A Review

V. Mohanapriya, B. Sharmila, and V. Manimegalai

Abstract Nowadays, solar Photo-Voltaic (PV) system has become more significant
than any other system for power generation. PV systems suffer from huge amount of
power loss due to various faults that occurs in both internally and externally of the
system. Faults are caused due to various factors and these faults must be identified
and eliminated it as soon as possible, if it is not eliminated the faults are plunged
throughout the system. It is essential to analysis fault in system in order to increase
reliability, to extract maximum power (efficiency), and to provide a safety to the
system. By comparing the measured V-I characteristics with actual characteristics,
power loss can be calculated. A change in output voltage helps to estimate the number
of faulty cells in PV system. By using various configuration method, fault in the solar
photo voltaic system is detected and the location of faults are identified. This paper
helps in analyzing the various faults types, causes and some of the method of fault
detection in the PV system.

Keywords Classification · Detection · Faults · PV system·

1 Introduction

PV system provides/generates pollution free eco friendly power as it consists of
monocrystalline silicon which converts light energy (energy from sunlight) in to
electrical energy. PV fault may lead to adverse and deleterious situation, these faults
cannot be easily identified or perceive [1]. Output voltage is based on the temperature
and irradiance level of the PV system, even when fault is occurred the changes in

V. Mohanapriya (B)
Bannari Amman Institute of Technology, Sathyamangalam 638401, Tamilnadu, India
e-mail: mohanapriyav@bitsathy.ac.in

B. Sharmila
Sri Ramakrishna Engineering College, Vattamalaipalaym, Coimbatore 64102, India

V. Manimegalai
Sri Krishna College of Technology, Coimbatore 641042, India

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
G. Kumaresan et al. (eds.), Advances in Materials Research, Springer Proceedings
in Materials 5, https://doi.org/10.1007/978-981-15-8319-3_115

1155

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8319-3_115&domain=pdf
mailto:mohanapriyav@bitsathy.ac.in
https://doi.org/10.1007/978-981-15-8319-3_115


1156 V. Mohanapriya et al.

voltage level will be higher than normal voltage. Some faults like DC arc fault
which occur due to various reason such as aging of component, rupture of cable and
loose contact. This type of fault can be easily identified or located as it has its own
characteristics [2]. Regularmonitoring of voltage and current values is requiredwhile
these values are compared with the maximum measured (during normal condition)
voltage and current values to localize and identify the fault in the PV system [3].
Before protecting the PV system analysis of fault is fundamental task. Line to line
fault are caused due to short circuit fault or double ground fault [4].

One of the major power losses in PV system is caused due to partial shading fault,
hence it is necessary to identify the fault in order to maximize the efficiency of the
system. It can be done by collected values of array current, voltages and irradiance
[5]. High impedance fault is mainly due to unwanted contact of the system which
should be detected, mathematical morphology is one type of method which is used to
detect high impedance fault [6]. The faults in PV system are detected using various
method one of suchmethod is artificial neural network.With the output power during
normal and faulty condition help to identify various types of fault with help of data
collected during these faults [7]. This paper is completely based on the types of fault
and how these faults are detected using various fault detection techniques.

2 Photovoltaic Module

2.1 Mathematical Modelling of Solar Cell

Single diode model is commonly used in solar modules [8]. Figure 1 shows the ideal
and practical solar PV. In ideal PV cell there will be zero series and shunt resistance
where as these resistance will be higher in the practical solar cell.

The output equation of the solar photo voltaic module is expressed as

Fig. 1 Single diode diagram of PV cell and practical PV equivalent circuit
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I = Ipv − Io

[
exp

(
V + RsI

Vt ∝
)

− 1

]
− V + RsI

Rp
(1)

Where

Ipv Photovoltaic current.
Io Saturation current.
Vt Array thermal voltage.
Rs Array equivalent series resistance.
Rp Array equivalent parallel resistance.
∝ Ideality constant of diode.

2.2 Characteristics of Solar Cell

The charcteristics of solar cell is represented by current versus voltage and power
versus voltage. Figure 2 shows the VI and PV characteristics of ideal solar cell [8].

The MPP is the point at which maximum output power is obtained by PV panel
or PV array. Below Vmpp the current is independent of output voltage, as voltage
increases current starts to decrease. Isc and Voc are same in I-V characteristics of two
individual PV modules, more power is produced when the array fill factor is higher.

3 Classification of Fault in PV System

The faults are caused both internally and externally. It includes DC side fault and
AC side fault. Figure 3 shows the different types of faults.

Fig. 2 characteristics of PV
cell
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Fig. 3 Classification of faults PV system

3.1 DC Side Fault

The fault in DC side is divided into two major types: PV array fault and maximum
power point tracking (MPPT) fault [9].

PV Array Fault

PV array fault further divided into two main groups PV panel fault and fault in cable.
Main faults in PV array fault include bridging fault, ground fault, open circuit fault
and mismatch fault [10].

Ground Fault and Bridging Fault

Large fault current causes ground fault which damage the entire system and lead to
danger and it is most commonly occurred fault. Ground fault is a fault when there
is a short circuiting between the conductor and ground [10]. Lower ground fault and
upper ground fault are types of ground fault. In lower fault, the voltage will be higher
than the half of the maximum output voltage. Upper ground fault will lead to large
fault current [9]. Ground fault causes a drop in voltage and sudden changes in the
characteristics of PV array system [11]. Cable insulation during installing, aging,
corrosion, leakage of water are some causes of ground fault [12].

Bridging fault can be described as line to line fault, a low resistance between the
twomodule points leads to bridging fault. Main reason for this type of fault is mainly
due to insulation failure between the modules [9, 10]. This fault may occur between
cables of different potential in an array. The term bridging describes only when the
fault occurs between the two modules in a two different string. This fault reduces
open circuit voltage, same short circuit is maintained or no change in short circuit
current [11].
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Open Circuit Fault and Mismatch Fault

Open circuit fault is due to the poor connection between the cell modules and also
in current carrying paths, poor load connection and at breaker point. Main reason is
destruction of interconnected wires [9, 10]. It reduces short circuit current but the
open circuit voltage almost maintained constant. As short circuit current decreases
maximum power obtained will also reduce [11].

Mismatch fault is one of the main reasons for major power loss as it changes the
cells electrical parameters. Mismatch fault is either temporary or permanent fault.
Temporary fault occur due to shading of cells caused by falling of shadows of trees,
nearby buildings etc., [10]. Hot spot, degradation and soldering are the causes of
permanent mismatch fault. Hotspot is produced when the operating current increases
beyond short-circuit current inside the fault [9].

Partial Shading and By-Pass Diode Fault

Partial shading is a temporarymismatch fault. It due to covering of PV array cells due
to high building, trees etc. The partial shading fault causes very high noisy frequency
IV characteristics of PV array and hence produced decreased output power which
results in hotspots [11]. Shading is a block in power flow. Shading is also due to
overhead lines, if one panel in a array is shaded entire power flow is affected. As long
as showdown is present in the PV array output power is reduced [10]. If fault occurs
in smaller no of cells it is very difficult to detect, by pass diode are highly detachable
during the fault because the effect of fault is easily visible in characteristics [13].
Shading is classified as shaded area of PV system: (1) from zero and keeps increasing,
(2) zero to maximum values and return back zero, (3) maximum value during day
and decreasing gradually and attains zero at some point of time [5].

By-pass diodes are connected parallel to the some solar cells in the PV module
[11].By-pass diode fault is used to reduce the shading effect in PV string. If any
shading occurs in a string diode in a string become forward biased. The current
higher than the short circuit current flows through the diode and hence it reduces the
hazards such as overheating [10]. Due to heating in an array lead to hotspots even
fire or burn marks are produced. IV and PV characteristics of PV module changes
during shading in a PV array, if diode is connected in parallel the changes do not
occur in characteristics of PV array [11].

Arc Fault and MPPT Fault

Fault is due to the high electric charge flow between the conductors. Due to high
discharge wire’s insulation is damaged which leads to fire. Arcs ranges vary from
few amperes to thousands of amperes. Types of arc fault include series arc fault,
parallel arc fault [10]. Any intermittent connection in modules and even in solder
joints produces arc faults. Arc lead to high frequency noise in string output voltage
or current [11].
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MPPT is mainly introduced in order to obtain maximum power in PV panels at
any conditions/situations. If MPPT fails to extract maximum power there will be
huge power loss in the system. Charge regulators are the reason for MPPT failure
[9].

3.2 Fault in AC Side

In AC side grid outage and total blackout can be identified. If any fault occurs in
inverter the DC output remains same only the AC output is reduced. With the output
voltage from both DC and AC side it can be easily identified inverter is the only
reason for power loss [9]. Various faults in PV array is shown in Fig. 4.

Fig. 4 Faults in solar array a ground fault b open circuit fault c short circuit fault dMismatch fault
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4 Fault Detection Method

There are various types of methods to detect above faults. It is required to detect the
fault and it should be eliminated as soon as possible in order extract maximum power
in the PV system.

4.1 Fault Diagnosis Method

It is novel method to detect fault in a system. Steps involved in fault diagnosis are as
follows.

Step 1 Measured output power is compared to actual power output. If 13% or above
13% power loss is observed it is identified that there is a fault in a system.

Step 2 Irradiation at several points are measured if there is change in irradiation it
is due to shading of cells or it is due to faults.

Step 3 open circuit voltage is observed whether the fault is occurred due to open
circuit fault and number of cells are roughly estimated which causes open
circuit fault.

Step 4 Fill Factor is calculated based n irradiance and temperature. With fill factor
aging fault of PV panels can be determined [14].

Estimated values are compared with measured values and error residual vector.
This vector is helpful to detect the faults in PV system or power converter. It is all
programmed in Soc (System-of-Chip) system [15].

4.2 ARC Detection Based on Time, Frequency and Parallel
Capacitor

If ARC fault is produced, there will be change in current and voltage. With help of
characteristics of voltage and current arc fault can be identified [2].

Arc is a chaotic process, where it produces a high frequency noise in both current
and voltage wave form. Amplitude of current is proportional to 1/f, as frequency
increases current starts to decreases. If any low frequency is detected arc fault is
produced [2].

Capacitors are paralleled with the PV system. Amplitude and polarities of Parallel
capacitors are observed, DWT (Discrete Wavelet Transformation) is applied to
current of capacitor [16]. For each fault polarities, spectrum and amplitude of current
are different which is help full to detect fault [17].
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4.3 SLIC and Thermal Images and SCADA Data

Simple Linear Iterative Clustering is a super pixel technique which is used to detect
hotspot.With the infrared images of the solar array faults like hotspot can be detected.
Working of solar cell at any condition can be identified with the help of thermal
images. This is automatic fault detection method, it reduces time to detect fault and
maximum efficiency is achieved [18] .

Supervisory control and data acquisition system technique is used to detect fault.
SCADA include three main techniques are as follows: (1) statistical fault detection,
(2) fault isolation using CPR ratio, (3) recoverability of faults by anomaly degree
index. Over 90% accuracy of detection of fault is achieved using SCADA [19].

4.4 Fault Detection Through IV Curve and Optimized Fading

By comparing actual curve with the measured cure of the system, the deviation of
measured curve shows the fault in the system [3]. Mismatch fault, partial shading,
open circuit fault are some type of fault which can be detected with the help of
IV curve. With the open circuit voltage, number of cells short-circuited may be
identified by comparing actual open circuit voltage with measured voltage [20].
With IV characteristics six categories are identified/generated: normal operation,
connection fault, shadow effect, partial shading, by-pass diode fault and group fault:
cell, module, bypass-diode and connection [21].

Voltage sensor help to detect fault and to localize the shading part of cells quickly
and accurately. Even the intensity of illumination of photovoltaic cells is forecasted
online through this optimized fading technique. It simplifies the topology to detect
fault [22].

5 SSTDR, Over Current Protection Devices
and Mathematical Morphology

SSTDR is help full to detect arc fault but it cannot detect ground faultmore accurately.
Its advantages are: it detect fault even after sunset/absence of sunlight, it also detect
future arc fault. It will not measure current and voltage of PV array system. It can
trip due to inverter failure [12].

Over current protection device is mainly used to protect line to line fault. It also
locates fault, measure fault impedance, irradiance level and blocking diodes. Even
low irradiance fault, nigh-to-day fault are also detected [4]. Dual fusing and string
level are identified using over current protection devices [23].
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Mathematical morphology is used to detect fault mainly in AC system and arc
detection. Mathematical morphology is a filtering technique is a successful method
to detect fault in the PV system [6].

Line to line faults in solar PV system can be identified with help of IV curve
(steady-state analysis) and also fault current evolution through MPPT (transient in
time domain). Over current Protection devices are used to clear line to line fault,
parallel capacitor can be used to detect the ARC fault. SSTDR are most popular
method to detect fault in the solar PV system. For hotspot fault SLIC method is
preferred.

6 Conclusion

This paper discuses fault types and detection technique of faults. Various methods
are introduced to detect fault and differentiate it. Every method is discussed in short
and which type of fault it can detect. Parallel capacitors are mainly used to detect arc
fault, whereas SSTDR is also used to detect arc fault. SSTDR can also be used for
line to line fault detection but it cannot provide accurate data. This review provides
some fault detection techniques that are used to detect fault in a PV system. IV curve
technique is used to detect fault such as mismatch fault and partial shading fault.
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Power Generation Enhancement Using
Hybrid Thermoelectric Generator
with Synthetic Oil-Based Nanofluids

V. George Samuel Raj, Godson Asirvatham Lazarus, Elangovan Daniel,
Anitha Angeline Appadurai, and Stephen Manova

Abstract Power generation enhancement of hybrid thermoelectric generator (TEG)
using the synthetic oil (Therminol 55) and a small volume concentration of Al2O3

nanoparticles (0.05 and 0.1%) is experimentally studied. The hot side of the hybrid
TEG is varied from 150 to 380 °C and load resistance up to 2 ohms, respectively,
while the cold side temperature is kept constant at 30 °C. The effect of hot side
temperature and load resistance on the power generation is experimentally analyzed.
The experimental results showed that the use of single hybrid TEG gave a power
output of about 9.262 W with a temperature difference of 350 °C between hot and
cold sides when using Therminol 55. By adding a small amount of Al2O3 nanopar-
ticles to Therminol 55, the heat transfer capacity has increased and resulted in the
enhancement of power output to 13.2 W for 0.05% concentration and 19.22 W for
0.1% concentration for the same temperature difference. Also, the use of nanoparti-
cles resulted in increasing the efficiency of the hybrid TEG system. An enhancement
of 2.65% is observed in the power output when nanoparticles suspended synthetic
oil and used as the hot side fluid.

Keywords Hybrid thermoelectric generator · Nanofluid · Load resistance ·
Synthetic oil · Therminol 55 · Power output

1 Introduction

Consumption of fossil fuels by human activities leads to serious environmental prob-
lems.As a consequence, climate change, ozone layer depletion, greenhouse gas emis-
sion, global warming, and acid rain terminologies have started to appear commonly
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in the literature. To reduce the effect of the above-mentioned disasters, the thermo-
electric (TE) energy converters are proposed as one possible method which gains
popularity as it has an ability to convert exhaust heat from vehicles, electrical equip-
ments, etc., into the electricity. 85% of world’s energy are non-renewable energy
resources in which 68% of fossil fuels are used in the generation of electric power
[1].Institute of Sustainable EnergyPolicies predicted that only 33%of non-renewable
energywill exist for power generation in the year of 2050,whereas 67%will be substi-
tuted by renewable energy [2]. Thermoelectric generators which are semiconductor
devices converts heat energy into electrical energy [3]. Payal et al. [4] stated that
the TEG module conveys 1.7 W of intensity, when hot side temperature was main-
tained at 75 °C and cool side at 30 °C which is likeness about 1.4% of effectiveness
on a normal temperature contrast of 60 °C. The nanoheat transfer fluid comprising
Al2O3-Therminol 55 of volumetric proportions ranging from 0.025 vol% to 0.3
vol% have been characterized and evaluated as directly solar absorbing working
fluid. Muraleedharan et al. [5] experimented and found that the thermal efficiency of
the solar collector has been increased with the nanoparticles attaining a maximum
of 62% for 0.1% vol concentration. Quasim et al. [6] reviewed that in automobile
field the maximum efficiency achieved by TEG is 5% and TEG which is made up of
Bi2Te3 is used automobile industry. Changwei et al. [7] experimentally found that the
efficiency of the TEG system reached 4.5% with a temperature difference of 65 °C,
and in this study, the cost of the TEG system is low when compared to wind power
system and PV and experimentally connected 600 thermoelectric modules in series
with a temperature difference of 120 °C and the power reached 1 kW. Jun et al. [8]
conducted experiments in multi-stage thermoelectric module (PbTe/Bi2Te3) which
resulted in 9.5% maximum efficiency in the temperature range from 303 to 923 K.
Shiho Kim [9] derived an analytical model for the description of interior temperature
difference as a function of the load current of a TEG. Godson et al. [10] stated that
the nanofluids have substantial capacity to enhance heat transfer.

Thermoelectric generation technology which is a solid-state energy conversion
method can transform thermal energy into electricity by using thermoelectric trans-
formation materials. A thermoelectric generator has some advantages such as no
moving parts, compact size, and highly reliable. Thus, this system can be simplified
and functioned over a prolonged period of timewith lessmaintenance cost.Moreover,
it has a wider choice of thermal sources that utilize both the high and low-quality
heat to generate electricity.

2 Experimental Method

2.1 Preparation of Nanofluids

Two-step method is used to prepare Therminol 55 - Al2O3 nanofluid. The average
size of Al2O3 nanoparticle is noted to be less than 50 nm. TheAl2O3 nanoparticle was
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Fig. 1 SEM image of Al2O3 nanoparticle

distinguished by scanning electron microscope (SEM, JSM 6390, JEOL, USA) to
study the particle size and shape. Figure 1 shows SEM image of Al2O3 nanoparticle
taken at 300X magnification. To stabilize the Al2O3 nanoparticles in the base fluid,
required quantity (5% of each volume concentration) of surfactant Sodium dodecyl
benzene sulfonate (SDBS) is added.

Initially, the surfactant is dispersed in to Therminol 55 and then required quantity
of Al2O3 nanoparticles is added. Ultrasonic vibrator (Model: UP400S, Hielscher
Ultrasound technology, Germany) is used to homogenize the mixture for 30 min to
separate the agglomerates of Al2O3 nanoparticles. Therminol 55–Al2O3 nanofluid
was prepared with the volume concentrations of Al2O3 at 0.05% and 0.1% for
different samples.

2.2 Experimental Setup

The performance of the thermoelectric generator is experimentally studied in detail
by developing a test rig which is shown in Fig. 2. The components of test rig include
hybrid TEG, heat exchanger, heater, heat sink, electric load, and data acquisition unit.
The hybrid thermoelectric generator (TEG) is placed between the two-copper block.
One of the copper blocks is fitted with cartridge heater with the capacity of 400 W
to supply heat to hot side of TEG, and another copper block which acts as a heat
exchanger is placed on the cold side of TEG with water circulating inside the copper
block. The heater is connected to the variac and varied for different watts. A rheostat
is connected to the hybrid TEG as an external load is to compute the output current
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Fig. 2 Experimental test rig

and voltage through DC voltmeter and ammeter to obtain the power of the hybrid
TEG, and the time is noted down and the load resistance is varied correspondingly
for different temperature difference. Thermocouple of type-T (micro) is used for
tracking the temperature of hot and cold side of hybrid TEG, heater temperature,
and water inlet and water outlet temperature of the copper block placed on the cold
side of hybrid TEG. Insulation is done using glass wool so that no heat goes to the
surrounding.

2.3 Calculation for Efficiency

The efficiency of the thermoelectric module for power generation (ï) is calcu-
lated from the thermoelectric generator efficiency using Eq. (1) where ï is the
thermoelectric module efficiency, Pout is the output power, Qin is the heat load

η = Pout/Qin (1)

The output power P is calculated as the product of output voltage and current as
given in Eq. (2)

Pout = VXI (2)
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3 Results and Discussions

3.1 Viscosity of Therminol 55—Al2O3 Nanofluids

Figure 3 shows the viscosity variation with respect to temperature for various
volume concentrations. It can be clearly noted that when the volume concentra-
tion is increased, there is an increase in viscosity of Therminol 55/Al2O3 nanofluid.
However, viscosity decreases for increase in temperature. The viscosity of the Ther-
minol 55/Al2O3 nanofluid at 30 and 70 °C is 37.89 and 12.43m Pa S, respectively, for
0.1% volume concentration with an increase of 21.9% and 54.06% when compared
with that of Therminol 55. The main reason for increase in viscosity is the addition
of the nanoparticles which increases the fluid friction and flow resistance [11]. The
viscosity is measured using the Brookfield digital viscometer (DV-E, Brookfield,
USA).
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3.2 Surface Tension of Therminol 55—Al2O3 Nanofluids

Figure 4 shows the comparison of surface tension with temperature for two different
volume concentrations. It can be noted that the surface tension decreases when
both the temperature and volume concentration of Therminol 55/Al2O3 nanofluid
increases. The surface tension of the Therminol 55/Al2O3 nanofluid at 30 °C and
70 °C is 31.28 and 24.52 mN/M, respectively, for 0.1% volume concentration, with
a decrease of 13.81% and 15.82% when compared to Therminol 55. The inter-
attractive forces of molecules weaken when the temperature is increased, resulting
in a lower surface tension [11]. The measurement of surface tension was done by
SITA dynotester (SITA Process Solutions, Germany).

3.3 Thermal Conductivity of Therminol 55—Al2O3
Nanofluids

Figure 5 shows the comparison of thermal conductivity with temperature for various
volume concentrations. It is clearly noted that the thermal conductivity of theworking
fluid decreases with an increase in both volume concentration and also for the base
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fluid. The values of thermal conductivity of the Therminol 55/Al2O3 nanofluid at
30 °C and 70 °C are 0.1419 W/m K and 0.1372 W/m K, respectively for 0.1%
volume concentration, which is lower by 7.82 and 6.55% when compared with that
of Therminol 55.

As the temperature increases, the solid nanoparticles experience a randommotion
and this movement obstructs transport of heat through liquids. Thus, with increase
in temperature, the thermal conductivity of liquids decreases. The measurement of
thermal conductivity was done by KD2 Pro (Decagon Devices, USA).

3.4 Temperature Difference and Power of Therminol
55—Al2O3 Nanofluids

Figure 6 shows variation in power generation with temperature difference of thermo-
electric generator for various volume concentrations Therminol 55/Al2O3 nanofluid
and is compared with Therminol 55. The highest temperature difference of TEG is
noted for Therminol 55/Al2O3 nanofluid, whereas lowest value is noted for Ther-
minol 55 (base fluid). In addition, increase in temperature difference enhances the
power generation of TEG and 30% enhancement is noted when compared to the base
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fluid. The output power obtained for Therminol 55/Al2O3 nanofluid for �T= 25 °C
and �T= 350 °C is 0.25 W and 19.22 W, respectively, for 0.1% volume concentra-
tion. When nanoparticles are suspended in the base fluid, the heat absorbing capacity
increases as thermal conductivity of Al2O3 nanoparticles is high. Thus, increase in
thermal conductivity of nanofluid.

3.5 Temperature Difference and Efficiency of Therminol
55—Al2O3 Nanofluids

Figure 7 shows the variation in thermal efficiency of the system for the base fluid
and Therminol 55/Al2O3 nanofluid with temperature difference of TEG. Increase
in thermal efficiency is noted when the temperature difference increases. Volume
concentration of 0.1% results in maximum thermal efficiency when compared to
other concentration and the base fluid.

The highest thermal efficiency is noted to be 2.36% for the maximum temperature
difference of 350 °C. The addition of nanoparticles in the base fluid increases the
heat transfer rate and thus enhancing the thermal efficiency of the proposed system.
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Moreover, the insulation using glass wool is done to ensure that no heat loss occurs
to the surrounding. Thus, reducing the heat loss to the ambient increases the thermal
efficiency.

4 Conclusions

According to the current study, the following preliminary conclusions may be drawn:

(1) Electricity has been produced using Hybrid TEGmodule and tested. The power
could reach about 9.262 W with a temperature difference of about 350°C
between hot and cold sides for Therminol 55.

(2) By adding Al2O3 nanoparticles to the Therminol 55, the heat transfer capacity
has increased and resulted in increase in power and efficiency for 0.05% and
0.1% volume concentration.

(3) The efficiency of the TEG system reached 2.2% and the power produced is
about 13.2 W for 0.05% concentration and temperature difference of 350 °C.

(4) The efficiency of the TEG system reached 2.65% and the power produced is
about 19.22 W for 0.1% concentration and temperature difference of 350 °C.
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Performance Analysis of Automobile
Radiator Using Tungsten Trioxide
Nano-Fluid

J. Vinoth Kumar, A. Amarkarthik, T. Santhosh, R. Solomon Allenjudah,
and U. Sundreswaran

Abstract Conventional fluids (water and ethylene glycol) heat transfer performance
results to be poorwhen incorporatedwith automobile radiator. An experimental study
was performed to investigate the performance of automobile radiator using water and
WO3nanofluid as operational fluids. Analysis and comparison were carried out for
heat transfer rate and outlet temperature of fluid for various flow rate ranging from
0.2m3/hr. to 0.5 m3/hr. Preparation of nanofluid was done for water with 0.0167%,
0.034%, and0.0667%volumeconcentration ofWO3nanoparticle. The inlet condition
of fluid was set at 50 ˚C as the impact for variation of temperature conditions on
system performance was minimal. On experimentation, maximum increase in heat
transfer rate was by 4.18% on comparison with base fluid.

Keywords Nanofluid · Radiator · Heat transfer rate ·WO3 · Performance

1 Introduction

Heat dissipation using conventional coolant fluid is employed in most of the engi-
neering systems. At present, nanofluids (base fluid dispersed with nanoparticle)
outperform significantly in most of the heat transfer systems. Enough precaution
needs to be carried out to prevent fouling, sedimentation, and increase of pressure
drop. To increase the performance of the heat transfer system needs either increase
in size of the system or increase in the performance of cooling fluid. Due to the
structural constraint, it is good for increasing the performance of the coolant.

Peyghambarzadehet al. [1] investigated the performance of radiator using
Al2O3/waternanofluid for flow rate range 2–5 lit/min and coolant inlet tempera-
ture range 37–49 ˚C. They concluded an increase of 45% in heat transfer rate for
1% volume concentration nanofluid on comparison with water and minimal effect
on performance for variation in inlet temperature of coolant. Sharma[2] conducted

J. Vinoth Kumar (B) · A. Amarkarthik · T. Santhosh · R. Solomon Allenjudah · U. Sundreswaran
Department of Mechanical Engineering, Bannari Amman Institute of
Technology-Sathyamangalam, Erode, Tamilnadu 638401, India
e-mail: vinothmech1809@gmail.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
G. Kumaresan et al. (eds.), Advances in Materials Research, Springer Proceedings
in Materials 5, https://doi.org/10.1007/978-981-15-8319-3_117

1175

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8319-3_117&domain=pdf
mailto:vinothmech1809@gmail.com
https://doi.org/10.1007/978-981-15-8319-3_117


1176 J. Vinoth Kumar et al.

experimental study on radiator using Al/water nanofluid of 0.2% vol. con. and 0.3
vol. con. with inlet coolant fluid temperature range from 45—55°˚C.They resulted
with 23.563% increase in heat transfer coefficient for 0.3% vol. con. Selvam et al. [3]
summarized the enhancement of Nusselt number for 0.5% vol. con. GnP/ (water/EG)
nanofluid by about 88% at 35 °˚C and 90% at 40˚ °˚C.

Oliveira et al. [4] studied the application of multi-walled carbon nanotube
(MWCNT)/water of 0.05–0.16 wt. % in automotive radiator for coolant inlet temper-
ature range 50˚C-80˚C and resulted in 17% decrement in heat transfer for 0.16 wt
% nanofluid. Ali et al. [5] investigated the performance of radiator using ZnO/water
nanofluid of 0.01–0.3% vol. con. for inlet temperature 45˚ C-55˚ C and concluded
with an enhancement of 46.5% by using 0.2% vol. con. nanofluid. Ali et al.
[6] conducted experimental study on radiator using 0.06, 0.09, and 0.12 vol. %
MgO/water nanofluid and resulted with 31% increase in heat transfer rate for 0.12
vol. %. Naraki et al. [7] studied the application of CuO/water nanofluid of 0.04–0.4
vol. % and resulted in 8% enhancement in overall heat transfer coefficient for 0.4
vol. % nanofluid.

Hussain et al. [8] investigated the performance of radiator using SiO2/water
nanofluid of 1–2.5% vol. con. for inlet temperature 60˚C-80˚C and coolant flow
rate of 2–8 lit/min.They concluded with an enhancement of 46% by using 2.5% vol.
con. nanofluid. Ahmed et al. [9] conducted experimental study on radiator using
TiO2/water nanofluid of 0.1% vol. con., 0.2% vol. con. and 0.3 vol. con. with inlet
coolant fluid temperature range from 20˚C-80˚C and found maximum overall heat
transfer coefficient of 2050 W/m2K 23.563 for 0.3% vol. con.

Palaniapan et al. [10] studied the application of fly ash nanofluid of about 2%
vol.con. in automotive radiator forReynolds number range 4000–8000 and resulted in
43.7% increase in heat transfer at Reynolds number 8000 and 2% vol.con. nanofluid.
From the literature, there is no study for automobile radiator using tungsten trioxide
nanofluid. Tungsten trioxide nanoparticles are a category of semiconductors that
are broadly used in photothermal systems, based on the awareness of the authors;
this type of particles has not been castoff yet in automobile radiator as the additive
to working fluid. Hence, the current paper targets to analyze the result of using
WO3/water nanofluids at various concentrations on the performance of radiator.

2 Analysis of Heat Transfer Rate

2.1 Analysis of Energy

Calculation of heat transfer rate in radiator is obtained by using Eqs. (1) and (2)

Q = ṁcp(Ti − T0) (1)

Q = hA(Tb − Tw) (2)
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The nanofluid’s specific heat capacity can be calculated by using Eq. (3) [11]

cp,n f = (1− ϕ)ρb f cp,b f + ϕρncp,n
(1− ϕ)ρb f + ϕρn

(3)

The density of nanofluid is calculated from Eq. (4) [11]

ρn f = (1− ϕ)ρb f + ϕρn (4)

The thermal conductivity of nanofluid is calculated from Eq. (5) [11]

kn f = kp + (n − 1)kbf − ϕ(n − 1)(kbf − kp)

kp + (n − 1)kbf + ϕ(n − 1)(kbf − kp)
(5)

The viscosity of nanofluid is calculated from Eq. (6) [12]

μn f = μb f (1+ 2.5ϕ) (6)

The Nusselt number for the entire radiator can be calculated Eq. (7) [13]

Nuexp = hexpxDh

k
(7)

3 Preparation of Nanofluid and Experimentation

3.1 WO3 Nanofluid Synthesis

Without extra processing and of diagnostic grade, all chemicals substances were used
as received. Supplier of WO3 nanoparticle: Nano Research labs, Jharkhand, India.
The size of nanoparticle is of the range 40–50 nm and 99.9% purity. Due to the ease in
preparation, nanofluid is prepared using two-step method. Initially, grinding of WO3

nanoparticles is done by means of a mortar to prevent or minimize agglomeration.
Later, addition of WO3 nanoparticles with the distilled water by appropriate mass
fraction and the mixture is manually agitated for minimal period of 10 min. The
prepared mixture is placed in the ultrasonic bath (ANALAB, India) under sonication
with a frequency of 30 kHz, 1000 watts power for a period of 4 h. Three different
nanofluids of 0.0166%, 0.0334%, and 0.06667% volume concentration are prepared.
Finally, stability testing of nanofluid is carried out using Zeta potential analyzer.
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Table 1 Radiator
specifications

S. No Parameter Value (cm)

1 Radiator length 38.4

2 Radiator width 33

3 Radiator height 2.2

4 Width of the radiator tube 0.2

5 Fin length 1

6 Distance between adjacent fins 0.1

7 Fin thickness 0.008

Table 2 Experiment test
condition

Parameter Water-based nanofluid

Nanoparticle concentration (vol %) 0–0.0667%

Nanoparticle WO3

Inlet temperature (K) 323

Volumetric flow rate (m3/hr) 0.2 to 0.5

Reynolds number 200–600

3.2 Experimentation

The experimental setup comprises an automobile radiator with a fan, reservoir,
connectors, rotameter, pump, thermometers, heater, small fuses, tubes, and expan-
sion resource. Also, a thermometer has been used to measure air input temperature,
air output temperatures, coolant inlet temperature, coolant output temperature, front
surface temperature, and rear surface temperatures of the radiator. The experiment
was conducted in Government College of Engineering, Salem, India. The circulation
of operational fluid into the radiator is done through pump (500 W).On circulation,
theworking fluid enters the radiator initially and then it arrives a tank of 20 L capacity
and continues the process. The constant temperature bath is utilized to cool the gain
of heat obtained from solar collector. Flow rate adjustment with three-way valve,
rotameter for desired flow rate upto 4 l/min, and pressure indicator for water and
nanofluid. Radiator specification and test condition for experimentation are shown
in Tables 1 and 2.Schematic layout of experiment apparatus is shown in Fig. 1.

4 Results and Discussion

In this study, the experimentation is carried out using WO3 nanofluid with concen-
trations 0.0167, 0.0334, and 0.0667 vol. % for various flow rates of 0.2, 0.3, 0.4,
and 0.5 m3/hr. as the working fluids. From Fig. 3, it depicts increase of heat transfer
rate with the increase in flow rate and nanoparticle concentrations. Increase in heat
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Fig. 1 Schematic layout of experiment apparatus

transfer coefficient is resulted at high flowrates due to mixing fluctuation produced
by the effect of dispersion and chaotic movement of the nanoparticles. Increase in
heat transfer was found with increase in volume concentration of nanoparticle addi-
tion with base fluid. Figure 2 shows radiator outlet temperatures, Tout, as a function
of fluid volume flow rate circulating in the radiator. It can be observed that the accu-
mulation nanoparticles to base fluid tend to reduce radiator outlet temperature. It
can be concluded as for the equal mass flow rate in a heat transfer system tends to
reduce fluid outlet temperature, thus enabling improvement in thermal performance
of the radiator. Figure 3 also displays depreciation in heat transfer rate for rise in the
volume flow rate passed through the system. The reason would be due to rise in fluid
velocity impacted by the raise in volume flow rate. Thus, the coolant would have
minimal duration for relating to air circulated through fan and results in rise of the
exit temperature of coolant.

Figure 3 illustrates that the heat transfer enhancement in radiator is obtained due to
the use nanofluids instead of base fluid. It can be perceived that ratio of heat transfer
by nanofluid to base fluid increases with volume flow rate irrespective of nanofluid
concentrations. In addition, the impact of volume flow rate is insignificant at higher
concentration nanofluid. Also, Fig. 3 displays that for an addition of 0.0667 vol. %
WO3 nanoparticle to water mixture, the heat transfer rate was found to increase by
4.18% on comparison with the heat transfer rate on using water. Moreover, many
suggestions by the researcher on enhancement of heat transfer due to the significant
factor Brownian motion is detailed.

Finally, the replacement of conventional cooling fluid by nanofluid in car radiators
would increase heat transfer rate. An increased heat transfer rate is depicted on
addition of nanoparticle with the base fluid on using with the radiator. Thus, it results
in possibility of reduction in the radiator size as well as reduced weight. So an
improved fuel economy and reduced emission to environment would be achieved.
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Fig. 2 Outlet temperature of coolant fluid based on variation of volume flow rate

Fig. 3 Heat transfer rate of coolant fluid based on variation of volume flow rate

5 Conclusions

In this study, the impacts of WO3/water nanofluids in an automobile radiator were
explored. In comparison with base fluid, heat transfer rates were enhanced signif-
icantly for the usage of (WO3/water) nanofluid in comparison with the base fluid.
In the best condition, the maximum enhancement in heat transfer rate was obtained
to be 4.18% for 0.067 vol. % of (WO3/water) nanofluid. The experimental results



Performance Analysis of Automobile Radiator Using Tungsten … 1181

showed that heat transfer rate improved with the rise in flow rate of nanofluid. Also,
the increase in volume concentration increased the heat transfer rate. The outcome
specifies that using nanofluids can surge the heat transfer rate. Hence, providing
hopeful means for scientists to improve extremely compact and effective automo-
tive radiators. Weight reduction of radiator in turn reduces the consumption of fuel.
Moreover, it can offer effective heat transfer and maximizes the lifespan of sections
of a vehicle.
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Experimental Investigation on Corrosion
Behaviour of Aluminium Alloy
Nanoparticles Composite Material

K. Ramachandra Raju , G. Senthilkumar, Y. Arivu, T. Santhosh,
T. Prasanth, and R. Pradeep

Abstract In this paper, the investigation on corrosion characteristics of aluminium
alloy of standard A356 with nano-Al2O3 particles composite made in stir casting
technique. Four samples were prepared that is A356 aluminium alloy without nano-
Al2O3 and with different weight percentage of nano-Al2O3 particles (2.5, 3, 3.5%).
The samples obtained from the stir casting process are subjected to accelerated corro-
sion test with 8% of NaCl solution. The results obtained reveal that A356 aluminium
alloy with nano-Al2O3 MMCs has very low corrosion rates than unreinforced A356
aluminium alloy. Increasing the percentage of reinforcement was leading to rise in
the corrosion resistance. Realized significant improvement in corrosion resistance
for 3.5% nano-Al2O3 particles. Effect on density is 1% which is very marginal for
the maximum reinforcement of 3.5% nano-Al2O3 particles.

Keywords Al2O3 nanoparticles · A356 aluminium alloy · NaCl · Mass loss ·
Corrosion · Stir casting composite

1 Introduction

Aluminium matrix composites are mainly used in valuable properties such as high
wear resistivity, improvement in elevated temperature, high ductility and fatigue
[1, 2]. The tribological structures of metal matrices have been widely studied, and
the corrosion features are of high importance as composites of metal matrices have
become applicants for the use of particular components to solve the corrosive prob-
lems [3–5]. The metal composites of aluminium show very low corrosive resis-
tance compared to monolithic alloys, cause of reasons like gaps in the reinforcement
interface, defects in production, internal and external stress, differences in structural
behaviour and attractive effects due tomerging of themetal matrix and reinforcement
of the material [6, 7].
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In recent times, metal matrix nanocomposites have been used in a lot of appli-
cations because the mechanical properties are far superior than conservative micro-
particle strengthened MMCs [8]. They have an ability that provides corrosion resis-
tance in the critical situations. Hence, corrosion resistance of the composite materials
is identified, and reinforcement with nanoceramic additive material is most essential
[9, 10]. Corrosion behaviour of Al 7075 matrix metal enhanced by nano-Al2O3 and
nano-SiC [11, 12]. MMNCs are generated by using an electric stir casting technique
[13, 14]. Pitting deterioration tests have been carried out to determine the corrosion
resistance of Al2O3 and SiC nano-reinforced Al 7075 composites in HCl, H2SO4

and NaCl [15, 16].
The A356 aluminium alloy has been useful in a lot of application because of its

excellent behaviour such as lightweight, corrosion resistance, good machinability
and formability. The applications of A356 aluminium alloy can be increased by
improving the properties of A356 aluminium alloy. Adding nano-Al2O3 particles
with aluminium alloy has improved the properties. A356 aluminium alloy has good
mechanical and corrosion properties with combination of nano-Al2O3 particles will
make themmore impressed for a variety of applications both from scientific and tech-
nological lookouts. Researchworks are limited on corrosion studies onmarine condi-
tion by exposing aqueous (NaCl). Using nanoparticles less than 50 nm is limited. It
is imperative to study the effect of corrosion of A356 alloys which is most suitable
for marine application with nanoparticles reinforcements.

The objective of this work is to study the corrosion resistance of A356 alloymatrix
composite reinforced with nano-Al2O3 particles 2.5, 3, 3.5% and test corrosion in
8% NaCl solution salt spray method for a period of time.

2 Experimental Procedure

2.1 Materials

In experimental work, stir casting method is applied for the manufacturing of
composite by metal matrix. LM25 aluminium alloy composition (% of weight) as
shown in Table 1 is preferred for matrix material and nano-alumina (Al2O3) parti-
cles supplied by Alfa Aesar, United Kingdom, are 40 nm for reinforcement material.
After fabrication, corrosion test was done on the surface of the samples.

The resources used for this process are

Table 1 Chemical composition of A356 aluminium alloy

Cu Mg Si Fe Mn Ni Zn Pb Sn Ti Al

0.2
max

0.2–0.6 6.5–7.5 0.5
max

0.3
max

0.1
max

0.1
max

0.1
max

0.05
max

0.2
max

Bal
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• Aluminium alloy of standard A356,
• Nano-Al2O3.

The composites of nano-metal particles are most relevant in a lot of applicational
activities because the mechanical properties get progressed when similar to standard
micro-particle strengthened MMCs. These materials predicted to show top corro-
sive resistant inside environments. Determining the corrosive resistant of composite
substances supported by the nanoceramic components may be very vibrant. The
experimental work was done for producing samples, and related corrosion test was
conducted for determining the corrosion rate of samples.

Table 1 shows the chemical composition of aluminium alloy of grade A356. By
varying the weight percentage of nano-Al2O3 (alumina), samples were obtained by
stir casting method.

2.2 Stir Casting Process

The stir casting set-up is made of graphite crucible which is conical in shape for
the fabrication of metal composites, as it survives at elevated temperature, which is
considerably greater than the melting temperature (680 °C). This crucible which is
made up of high ceramic alumina materials placed in the muffle around where the
heating element is wound. The coil behaves itself as the heating element. This type
of furnace is named as the resistance heating furnace. It can be heated very quickly
up to 1000 °C within 55 min. An aluminium alloy of caste grade was applied as
the matrix material, while the Al2O3 nanomaterials were used as the reinforcement
material.

The alloy is kept in a resistance furnace and melted at the temperature of 8000 °C,
and then the gas has been removed for 20 min in combination with argon gas through
a graphite lance. To obtain uniformity in distribution of the particles, the discs are
then added with the help of an electromagnetic stirrer (EMS) device. The current
may vary from 50 to 80 A, while the voltage remains constant and is equal to 220 V.
The effect of temperature gets lowered to convert the liquid to semisolid. During
the solidification, the molten metal is immediately poured into the die cavity. This
operation was repeated for producing each sample. The samples were prepared with
different percentage of nano-Al2O3 particles, i.e. unreinforcedA356 aluminiumalloy
and reinforced A356 aluminium alloy with 2.5, 3 and 3.5% of nano-Al2O3 particle.

2.3 Salt Spray Corrosion Test

The accelerated corrosive test produces a corrosive attack on the samples during this
test. Salt spray test is most familiar and well-established corrosion tests compared
to other tests.
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Before testing, the samples were cleaned thoroughly. The solution used for this
process is 8% sodium chloride salt solution. The samples were placed inside the
chamber as shown in Fig. 1, followed by the salt-containing solutionwhich is sprayed
over the samples in the very fine fog mist. The constant temperature is maintained
within the chamber. The samples get constantly wet due to spraying process, and
hence, the samples undergo corrosion constantly. Here, ASTM G1 standard is used
for corrosion test (Fig. 2 and 3).

The procedure is explained in summary, as follows:

• Salt fog chamber contains the wooden rocks.
• Samples are placed inside the chamber.
• 8% of NaCl solution is pumped from reservoir and gets sprayed on the samples.

Fig. 1 Salt spray test chamber

Fig. 2 Stir casted sample
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Fig. 3 Corrosion test
samples size

• Solution is mixed with compressed air from the nozzle.
• Compressed air has done atomization of NaCl solution into fog at the nozzle.
• Heaters maintain the temperature of about 45 °C.
• Test carried out for about 48 h.

3 Results and Discussions

3.1 Density

The density of the samples was calculated as per Archimedes principle. Fig. 4 shows
that after adding nano-Al2O3 particles with A356 aluminium alloy, the density is

Fig. 4 Density values for the samples S1, S2, S3 and S4
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increased. It infers that the density of the aluminium alloy is gradually increased
with respect to weight percentage of nano-Al2O3 particles.

3.2 Mass Loss Corrosion Rate

The standard equation as per ASTM G1 for mass loss method to calculate corrosion
rate is described below:

Corrosion rate CR (mpy) = 3.45 × 106 ∗ W/ATD

where

CR Corrosion rate in mills per year.
W Mass loss of specimen in grams.
D Density of specimen in g/cm3.
A Area of specimen in cm2.
T Time of exposure in hour.

Diameter of the specimen, d = 15 mm = 1.5 cm.
Height of the specimen, h = 55 mm = 5.5 cm.
Volume, V = πr2h,
Area, A = 2πrh + 2πr2,
The mass of each sample was measured and tabulated after the corrosive test.

Table 2 shows that the samples lost their mass after the completion of salt spray
corrosive test. Reduction in mass was occurred in milligrams range. Corrosive rate
of each sample was calculated by the help of corrosion expression. The result shows
that the mass reduction of each sample is different. It indicates that for different
percentage of nano-Al2O3, the mass reduction was varied.

Corrosion rate shown in Fig. 5 indicates that nano-Al2O3 particles added to the
A356 alloy have given significant improvement. Size of the nanoparticles was 40 nm,
smaller compared to other research works, and its corrosion rate is very minimal.
Sample S1 unreinforced A356 alloy had higher corrosion rate by 50% compared
3.5% nano-Al2O3 particles reinforced sample S4. The effect of nanoparticles and
increase in its % has given improved corrosion resistance which is most useful for
aqueous salty environment marine applications.

Table 2 Weight of the
samples

Specimens Mass before corrosion
test W1 (g)

Mass corrosion test W2
(g)

S1 27.054 27.05

S2 27.175 27.172

S3 27.215 27.212

S4 27.257 27.255
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Fig. 5 Corrosion rate of the samples S1, S2, S3 and S4

4 Conclusions

In the present investigation, density and corrosion behaviour of A356 aluminium
alloy with 2.5, 3 and 3.5% nano-Al2O3 particles reinforcements were studied. The
following conclusion was made:

• Density of the samples is gradually increased by adding nano-Al2O3 particles.
The density increase for the maximum reinforcement of 3.5% is about 0.75%
which is very marginal and has less impact on density

• Corrosion rate of the samples after accelerated corrosion test shows that by adding
nano-Al2O3 particles significantly improved the corrosive resistance of A356
aluminium alloy.

• The reinforced A356 aluminium alloy exhibited lower corrosion rate in 8% NaCl
solution than unreinforced A356 aluminium alloy. Improvement of corrosion
resistance of 3.5% nano-Al2O3 particles is 50% better than unreinforced A356
aluminium alloy.

• The nano-Al2O3 particles reinforcements with A356 alloy show significant
improvement which can be widely used in marine applications.

• If the aqueous salt condition in oceans, rivers is lesser than 8% NaCl level and
the corrosion resistance will be further higher and more beneficial.
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Applications of Fuzzy Logic Approach
for Assessment

V. Vaishnavi and M. Suresh

Abstract Appropriate Fuzzy set theory is acknowledged as the best problem
modelling and solution method. Fuzzy logic approach is represented with mathe-
matical and processing non-statistical information from uncertainty and provides
tools to deal with imprecision intrinsic to many problems. Fuzzy set theory is mainly
enforced to solve issues in health and natural sciences. The assessment of the various
techniques implementation is gained attention of fuzzy logic mainly on triangular
fuzzy number (TFN) and trapezoidal fuzzy number (TPFN). Thus the current study
provides the outline of fuzzy logic and their application with the steps. The study
helps the researcher and practitioner on the assessment of various implementation
techniques in their organization easily and effectively.

Keywords Fuzzy logic · Assessment · Lean index · Agile index · Sustainability
index · Leagility index

1 Introduction

Fuzzy logic approach is a methodology mainly used to solve the issues related to
multifaceted and difficult to understand quantitatively by using fuzzy set theory [1].
Fuzzy set methods permit to capture the undefined and imprecise systems of the
real world by using linguistic terms so that computers can follow human thought
processes [2]. In currently, Fuzzy logic is used broadly in many industrial appli-
cations such as water treatment, travel time reduction, subway systems, washing
machines, vacuum cleaners, rice cookers and aircraft flight control [3]. The fuzzy
techniques help to reach an applicable truth by using the outcome of reasoning from
such inexact, imprecise, and partial knowledge by collected replies are represented
over a wide range [4]. A linguistic variable represented in words or sentences in
natural or artificial language to get response from the experts easily [5]. For decision
making various types of fuzzy numbers are used with linguistic data into quantitative

V. Vaishnavi · M. Suresh (B)
Amrita School of Business, Amrita Vishwa Vidyapeetham, Coimbatore, India
e-mail: drsureshcontact@gmail.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
G. Kumaresan et al. (eds.), Advances in Materials Research, Springer Proceedings
in Materials 5, https://doi.org/10.1007/978-981-15-8319-3_119

1191

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8319-3_119&domain=pdf
https://orcid.org/0000-0002-3796-3623
mailto:drsureshcontact@gmail.com
https://doi.org/10.1007/978-981-15-8319-3_119


1192 V. Vaishnavi and M. Suresh

form [6] in which TFN and TPFN are used primarily in manufacturing, software and
healthcare sector. Thus the current study focuses on the usage of fuzzy logic on TFN
and TPFN in assessment of organizational current level and managers are forced to
improve their strategy to enhance their performance.

2 Literature Review

Fuzzy logic was first introduced by [8] is a mathematical theory which allows uncer-
tainty and vagueness can be exhibited and develop a framework using fuzzy numbers
[9]. Narrow mode is said as logical system which is observed as a generalization of
multi-appraised logic and wide mode is said as logical system [12] have defined
as “Fuzzy logic is a system of reasoning and computation in which the objects of
reasoning and computation are classes with unsharp (fuzzy) boundaries”. In fuzzy
logic, the whole thing is mentioned in degree and used mainly as wide mode.

Fuzzy logic includes an extensive range of theories and methods primarily built
upon four concepts such as fuzzy sets, linguistic variables, probability distribution
(membership function), and fuzzy if–then rules [3]. In qualitative assessments fuzzy
sets and linguistic variables are mainly used to take decisions including complex and
ambiguous with incomplete data. Fuzzy set is a set in which members’ certainty of
membership is rejected and every member belongs to the set with its own specific
membership degree [13].

Linguistic variable is primarily useful for dealing with the situation which
is complex or inadequate to explain in conservative quantitative expressions. A
linguistic variable is a variable that uses values are words or sentences in natural or
artificial language. The estimated fuzzy-set theory perspective is used in linguistic
values to express fuzzy numbers. The TFN are mainly used because which is easily
explained with exports and also used in assessment due to abstraction and impre-
ciseness associated with predictable assessment of societal performance. TFNs’
membership functions (fA(X)) are given in [2].

A TPFN form(a, b, c, d) is the most generic class of fuzzy numbers with linear
membership function which is also used in the assessment with the ranking the
fuzzy numbers. Ranking the fuzzy numbers would play a vital role in the resemble
reasoning, optimization, forecasting, decision-making, scheduling and risk-based
analysis practices [14]. A generalized TPFN [15] can be defined as a vector and the
membership function a(x): R → [0, 1].

Fuzzy set numbers like TFN and TPFN have gained attention from the researcher
and practitioner from 90′s and have been used in the assessment of manufac-
turing, supply chain, healthcare and software. The detailed classification of fuzzy
applications used in the field is given in Table 1.
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Table 1 Detailed application
of fuzzy logic approach on
assessment

Assessment area References

TFN

Manufacturing

• Lean [13]

• Agility [2]

• Agility—Supply Chain [29]

• Leagility—Supply Chain [32]

• Readiness—LSS [33]

• Social Sustainability [34]

• Safety practices [35]

Software

• Agility [36]

Healthcare

• Lean [37]

• Agility [38]

• Readiness—Lean [4]

Banking

• Lean [39]

TPFN

Construction project

• Risk management [40]

Logistics management

• 3PL (third-party logistics) [41]

Manufacturing

• Agility [42]

• Leanness [44]

• Supply Chain [14]

• Supply Chain—Agility [46]

Information Technology

• Risk management [47]

3 Steps for TFN and TPRNs

The following steps have been from [2] and [6] for TFN and TPFNs. The notations
used in the paper are given in Table 2.

Step 1 Selection of enabler, criteria and attributes based on context. The appropriate
attributes relating to each criterion are identified from the literature review
and expert opinion.
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Table 2 Notations used in the current study

Indices Abbreviations

Li Fuzzy importance weight of ith enabler

Lij Fuzzy importance weight of jth criterion in ith enabler

Lijk Fuzzy importance weight of kth attribute of jth criterion in ith enabler

Pi Fuzzy importance rating of ith enabler

Pij Fuzzy importance rating of jth criterion in ith enabler

Pijk Fuzzy importance rating of kth attribute of jth criterion in ith enabler

FI Fuzzy index

LEi Fuzzy number of natural language expression set

fFIi(x) TFN of FIi

fLEi(x) TFN of LEi

Step 2 Determination of linguistic scale. Linguistic languages are designated from
natural-language expressions and allowmore information thanmathematical
results for many situations.

Step 3 Quantification of performance ratings and prominent weighting from
experts. The next step is a collection of importance weights and performance
rating of enabler, criteria and attributes for evaluating the context.

Step 4 Transformation of linguistic terms to applicable fuzzy numbers. A TFN
is generally used because they are simply specified by experts and are
converted for performance rating and importance weights [2, 18, 23]. Like-
wise, TPFNs conversion also had been done for performance rating and
importance weights [41].

Step 5 Aggregating fuzzy rating with fuzzy weights. The aggregate performance
rating of the attributes is customized into criteria rating and the criteria rating
is customized into enabler rating and equation is given in 1 and 2 respectively.

Pi j =
∑K

k=1 (Li jk ⊗ Pi jk)
∑K

k=1 Li jk

(1)

Pi =
∑J

j=1 (Li j ⊗ Pi j )
∑J

j=1 Li j

(2)

Once criteria rating is obtained, next step compute the Fuzzy Index (FI) is
calculated by Eq. 3 given below.

F I =
∑I

i=1 (Li ⊗ Pi )
∑I

i=1 Li

(3)

Step 6 Match the FI with an appropriate level. The calculated FI is compared
with the general linguistic term using Euclidean distance method. Euclidean
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Table 3 Fuzzy intervals for
Linguistic variables

Natural Language expression set Fuzzy intervals

Most Favourable (MF) (7, 8.5, 10)

Favourable (FV ) (5.5, 7, 8.5)

Fair (F) (3.5, 5, 6.5)

Bad (B) (1.5, 3, 4.5)

Worst (W ) (0, 1.5, 3)

distance method is conceived as the most spontaneous method for humans to
calculate perceived closeness. Table 3 represents natural language expression
set and its corresponding fuzzy interval. The Euclidean distance is calculated
by the following Eq. (4).

D(F I, LEi ) =
√

∑
( f F I (x) − f LEi (x))2 (4)

Step 7 To identify weaker attributes Fuzzy Performance Importance Index (FPII) is
calculated. The FPII computation consists of two steps: first is the calculation
of was given in the Eq. (5) below.

FP I Ii jk = Ui jk ⊗ Pi jk; (5)

where

Ui jk = (1, 1, 1) − Li jk

Next step is the development of a ranking score for each attribute following
centroid method. Here a, b & c denotes the lesser, middle and higher orders of the
TFN, respectively are shown in Eq. (6).

Rank score = a + 4b + c

6
(6)

After obtaining ranks for all attributes, management will take corrective action to
overcome the issues.

4 Results and Discussions

Fuzzy logic approaches are used widely in manufacturing sector and gained impor-
tance in healthcare sector with the linguistic variables to make decisions effectively.
Organizational performance related to implementation of specific strategy like lean,
agility, LSS and other techniques. The methods the manager to know their current
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performance level and in which ways their organization needs improvement. Both,
TFN and TPFNs are simple and easy to use which need to be explained to the
experts before asking their views. The performance rating and importance weights
are collected from the experts which should be sometimes vague, so themethod helps
to find the performance of the organization easily. Themethod can be used to develop
their current level to the standard by periodic assessment of developed framework
effectively. The assessment of techniques will helps for organization transformation
from the current state to upgrade state easily and successfully.

5 Conclusion

The current study exposed mainly about the application of fuzzy logic approach with
theTFNandTPFNs in the assessment of current performance of the organization. The
major assessment areas are risk, implementation of lean, agility & sustainability in
manufacturing, software and healthcare section. The researcher and practitioner paid
more attention on implementing fuzzy logic towards healthcare sector. The method
provides a structured procedure, which helps to identify the drivers related to the
current business environment and provide a strategic direction to enhance organiza-
tion capability. In addition, the method provides suggestions and convinced results
for further development. The limitation of this methodology is membership function
of natural language in linguistic variables. It depends on the managerial perception
of experts. The membership function should be defined to evaluate the importance
of key aspects of organization, which includes strategy, marketing, operations and
finance.
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Study and Testing of Pneumatic Control
of Ball Valve Using Actuator

G. Dinesh Kumar, K. S. Karthikeyan, and C. Sathishkumar

Abstract In recent days, the industry uses huge-sized valves to operate the flow
of fluids from one area to another area. These huge-sized valves were completely
operated onmanual premises. The ball-type valveswere located over the hot radiation
transmitting regions as well as cold radiated regions, and this affects the human skin,
also it interprets damages to the body and heath, ultimately it causes death. We
can use safety instruments like aprons, gloves, etc., but this will increase the cost
and the labor expense is also high. To avoid such circumstances, the actuator-based
ball valves help to control the flow of fluid automatically, without any manual help.
Hence, this will improvise the standard of the industries also this helps to detect
the flow and measure the opening and closing data through graphical representation.
This inter-fixing of actuator over a ball valve is analyzed by the hydro test which
gives the result about the leakage data and thus provides information when a leakage
has occurred. This helps to control the wastage of fluid over the flow path.

Keywords Manual premises · Ball-typed valves · Hot and cold regions · Actuator

1 Introduction

The ball valves were mechanical devices which control the pressure and flow with
the working process [1]. These ball valves were mostly of manually operated, may
be hydraulic or pneumatically operated. This is an important component in piping
system which conveys [2] the gases, liquids, and slurries. The valves have different
categories like gate, globe, ball, check, butterfly, plug, and diaphragm. These models
have different features and functions. The actuators were capable of controlling the
movements [3] and positioning that is operated by manual, sometimes pneumatic,
hydraulic, and electrical. The basic movement of valve is linear movement and rotary
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movement [4]. These linear movement actuators transfer the energy to linear move-
ments. This is mainly to position the valve may be of push and pull operations. The
rotary movement [5] actuators transfer the energy into rotary movements. This is
mainly to position the valve motion by ball and butterfly valves. These actuators
were manually operated [6] with hand wheel or knob. They have different [7] types
of configurations that were available in many shapes and sizes based on their usage
[8]. These actuators make the movements with rigid chain. The ball valves [9] were
connected to the actuators to control the movement more effectively and electrically.
They provide a better feature to control the valves movement over a distance [10]
and thus provide a safe platform for the industries.

2 Literature Survey

Ebenezer Sathish Paul [1] presented two systems of two-stage electrohydraulic
servo valve with a nozzle flapper pilot stage, which is controlled by stack-type
piezoelectric elements and a displacement magnifying mechanism.

Mandanaka [2] studied the performance of the poppet valve through investigation
of inflow and outflow for the range of small and controllable openingsmade available
from the employment of a practical piezoelectric stack driver.

Ali [3] introduced a pressure regulator which is used for controlling the reducing
pressure in the piezoelectrically driven pneumatic valve. The pneumatic valve of this
study object is two-stage type and consists of a piezoelectric actuator, a controller, a
poppet valve, and a pressure regulator.

Dutt [4] presented a neural network pattern classifier to carry out fault diagnosis and
identification upon the actuator of a Fisher–Rosemount 667 industrial process valve.

3 Actuator and Its Types

In order to control the mechanism or a system, an actuator is used to control the
opening and closing of the valve. This actuator is operated by electric power, and it
converts the energy into dynamic action.

The four types of actuator are as follows:

Manual.
Pneumatic.
Hydraulic.
Electric.
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3.1 Manual

In manual actuators, it is operated by gears, levers, or wheels to move the complete
valve system. Thesemanual actuators were operated by human hand. These actuators
are very much costless, easy to operate, and self-contained. It is difficult to operate
large sized valves manually. Also it is difficult to operate valves that were located
in toxic, remote, and hostile environments. Considering the safety, there must be a
quicker operation at this situation.

3.2 Pneumatic

The pneumatic valve actuators use air pressure as their power source, used on linear
and quarter-turn valves. They convert the air pressure into motion of the system.
A linear force is created on the diaphragm by blowing air pressure on to it. The
arrangement of it may be spring—closed or opened. Also in double acting actuators,
they open and close by blowing air pressure through in and out of it. There is in need
of a central compressor system.

3.3 Hydraulic

The hydraulic valve actuators use fluid pressure as their power source, used on linear
thrust for gate valves and globe valves. They convert the fluid pressure into motion
of the system. To operate a quarter-turn valve, torque is introduced to the system.
The fluid may be of any composition depending on the systems need. The hydraulic
pressure is created by a pump. It is also used in applications like water pumping
stations, JCBs, etc.

3.4 Electric

The electric valve actuators use electricity as their power source and used to provide
torque to control the opening and closing of the valves. This is mainly an energy-
efficient system with no toxic and quiet reliable; however, without electricity this
system fails to work. Battery packs can also be used instead of an external power
source.
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Fig. 1 Problem

4 Existing Problem

Theman power required for this valve operation is comparativelymore.Manual oper-
ation of very huge-sized valves is difficult in terms of physical work and perfection.
Incorrect assembly, installation, or maintenance procedures would be performed in
the absence of values in production and controlling units. In the absence of valve,
the necessary movements to the disk and plug cannot be fixed in exact and required
position within the short duration.

Frictional losses from straight pipe alone cannot be easily calculated without the
presence of valves. The valves are present in Fig. 1 areas where the surrounding
temperature is too high or too low or the high radiation areas where humans cannot
be directly employed in the operation of valves. Working in these areas may cause
diseases such as hypothermia, frostbite, trench foot and chilblain, heat exhaustion,
heat cramps, and heat stroke, nausea, bloody vomiting and diarrhea, etc.

5 Objectives

(1) To study the automatic flow control of valves.
(2) To analyze on the manual efforts in operation of valves.
(3) To regulate the flow in valves.

6 Existing Problem

Project methodology is represented in Fig. 2.
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Fig. 2 Project methodology
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Fig. 3 Solenoid valve

6.1 Solenoid Coil

The solenoid is an electromagnetic device made up of coil of wire. This is a device
which converts electric energy into mechanical energy into reciprocating motion.
The solenoid when energized by an external power supply in the coil wires gets
magnetized and creates a magnetic flux around it. This magnetic flux gives the
reciprocating motion for the soft iron core in between the wires.

6.2 Solenoid Valve

The solenoid valve operates on the principle of electromechanical concept. These
valves differ from several characteristics they are, the electric power they consume,
the magnetic flux they generate, the regulation of fluid by some mechanism, and the
control type of the fluid. Figure 3mechanismmay vary from linear motion to plunger
type to pivoted-armature and rocker actuators. These actuators were themost familiar
elements used to control the fluid motion. It benefits of fast action, safe switching,
and the high reliability with long life span [11–15].

6.3 Air Regulator

Shavo’s Fig. 4 is the combination unit for process control which is an efficient space
saving design for general applications in filtration, and liquid water removal and
controlled pressure are required.
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Fig. 4 Air regulator

6.4 Volume Booster

There is a need to increase the speed of the actuators motion, as there is a requirement
of the use of a Fig. 5 which is a high volume amplifier to prevent the time lags. The
controller produces a volume signal and transmits the auxiliary signal supply of high
volume to the control actuator which is separated by long piping runs. The volume
boosters weremainly used alongwith the large capacity diaphragm actuator [16–18].

6.5 Positioner

The positioner valve is used on places where the air load pressure has to be increased
or decreased to drive the actuator to reach a balanced position of the valves system to
the output signal received from the variable controller. Figure 6 shows that it is very
much effective in performance and eliminates the physical contact with linkage less
feedback on wear parts. This capability of self-diagnostics helps in health evaluation
by increase in performance, and this evaluation is done by digital communication to
access the valve [19–22].
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Fig. 5 Volume booster

Fig. 6 Positioner

6.6 Limit Switch

The limit switch is used to determine the opening and closing of valves by indicating
the user with the signal and thus acts as a visual sign to the operator. Figure 7 indicates
the extent of both opening and closing of the valves. They can open up to a degree
of about 0 to 90 degree.
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Fig. 7 Limit switch

Fig. 8 Pneumatic
compressors

6.7 Pneumatic Compressor

Thepneumatic compressor is used to compress the airmolecules from the container or
a cylinder tank. Figure 8 was connected to the pneumatic valves depending on their
actuators like single, double, etc. Prominent features include sandwich mounting,
travel stops, self-locking declutch mechanism, corrosion-resistant, and gear plating.

6.8 Ball Valve

The ball valve is in the form of a quarter-turn valves, and this Fig. 9 allows the
use of hollow, perforated, and pivoting balls which helps in controlling the flow of
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Fig. 9 Ball valve

any medium in to it. The ball valves were of high reliable characteristic which can
performwell even after completing many cycle of process. On cold climates, the ball
valves get freezed, and thus disable the valve; hence, the freeze-tolerant ball valve
plug ruptures it and makes an easy repair to the valve. In cryogenics purposes, the
ball valves expand inside itself. The safety is well determined in the ball valve.

7 Testing Methods

(1) Shell test
(2) Back seat test
(3) Hydro seat test
(4) Air seat test

7.1 Shell Test

The shell test is a process that is undergone to check the condition of the valve by
sending pressure inside the inlet and by closing the outlet, if there is any packing
gland tightly occurs, it is enough to maintain the test pressure, thereby testing the
stuffing box. Application of internal hydrostatic pressure is 150% of the maximal
rated pressure. Visual examination is performed for leakages/dripping, distortion, or
other anomaly.
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7.2 Back Seat Test

All the valves must undergo this backseat test, but the bellows seal valves have
this feature, and it is performed by applying pressure inside the valve with valve end
closed and valve fully opened.Minimal test pressure is 0.2 bar.Maximal test pressure
is 150% of the maximal pressure rating. The valve outlet is exposed to atmospheric
pressure, performing a drop-tight (zero leakage) sealing for minimal period of 30 s.

Dynamic test—the valve is opened and drop-tight closed, at 0.2 bar (3psi) pres-
sure, inspecting its sealing and mechanical reliability at the varying low-pressure
conditions. When tested, the packing is said to be loose. The manufacturer is mainly
responsible for the demonstration of the pack that will not leak the valve’s pressure
rate is 100°F (38 °C).

7.3 Hydro Seat Test

The hydrostatic testing is done by filling the pressure into the component with the
water completely to test purposes, removing the air contained within the unit, and
pressurizing the system up to 1.5 times the design pressure limit of the unit. The
pressure is then held for a specific amount of time to visually inspect the system
for leaks. Visual inspection can be enhanced by applying either tracer or fluorescent
dyes into the liquid medium in order to determine the location of cracks and leaks
that are originating over it.

7.4 Air Seat Test

The valve is tested for its performance in automatic purging of small quantities of
air, while the pipeline is pressurized. Air is injected to the valve inlet, in closed,
pressurized position. Air release and re-sealing are inspect.

8 Application

The actuating valves were used to control the flow and pressure and also shut off of
corrosive fluids and gases.

They are also used in the oil industry and natural gas industry.
Sectors like manufacturing, chemical storing; residential areas, etc., were these

actuating valves actively perform its function.
Actuating valves were highly suitable in high-temperature and pressure condi-

tions.
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It is used for automatic on and off applications.
They can be used in high radiation areas.

9 Advantages

Their operation and maintenance on repair of gate valves seating surfaces are
complex.

The main biggest advantage of ball valves is that they have a very poor throttling
characteristics. This can cause the seat of a ball valve to erode easily and has high
output capability and high actuator stiffness.

They provide laminar flow, and pressure loss is minimum.
There will be low-pressure drop when opened fully and then tightly sealed and

has fast stroking speed.

10 Result and Discussion

The result of the project would be positive if it reaches the industrial persons, with all
affordable commitments. If the pneumatic actuator becomes familiar in the industries,
then everything will be automated and the operations become easy to access. This
valve will be very much helpful for the operators to operate the ball valves from
the distance itself. Also it is electrically operated which makes it open and close by
itself. If there are any drawbacks that occur in the ball valves, it will be rectified in
future with advanced technology.

11 Conclusions

Today, industriesworkonhighly automatedmachineryprocesses thannormalmanual
systems. With the tremendous increasing usage of automated machinery systems,
it has also been a great rise in the demands of the actuators, which play a vital
role in the automation process. Actuators are responsible for moving, controlling,
and positioning of a mechanism or system that makes the working of automated
equipment easy. In the coming years, the demand for industrial valves is anticipated
to rise as they are used in various commercial construction projects, automation
projects, and so on. Increased industrialization and expansion of existing facilities
have spurred the demand owing to technological innovations and boost the industry
growth. This inventory action would enhance the new supplements and eliminates
labor in hazardous zones.
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Analysis of Six Sigma—Implementation
of DIMACMethodology in Foundry
Industry

P. Nethaji, P. Kaliyappan, R. Sathya, S. R. Hariprakash, and K. Prakash

Abstract This paper work has the objective of suggesting improvements in the
quality of a compressor housing work cell using SIX SIGMA concepts. Customers
expect good quality products at the right time. Competition in themarket is increasing
day by day, to overcome this situation; Industries are compelled to develop their
manufacturing processes to fulfil customer needs. Many defects occur during the
casting process, resulting in poor quality of products there is, therefore need to find a
compelling problem thatmakes the product in-toCritical toQuality (CTQ).A perusal
of the relevant literature shows that SIX SIGMA provides a defined paradigm for
large scale industries. The goal of this paper is to investigate how SIX SIGMA tool
can be adapted to themanufacturing environment.With a reference to taking a leading
foundry industry as a case study, the main objective of this project is to reduce the
rework/rejection in gravity die casting process and to optimize the parameters using
the application of SIX SIGMA methodology; Define-Measure-Analysis-improve-
Control (DMAIC).

Keywords Casting defect · CTQ · Six sigma · Gravity dies casting process ·
DIMAIC

1 Introduction

Quality is based on the established utility of the product. When a product manufac-
tured is free of defects, it is a good quality product. Six Sigma provides continuous
improvement in an organization and helps to achieve customer satisfaction. Use of
the Six Sigma approach in the organization helps boosting on an on-going basis the
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financial status of the industry. It is used mainly for quality improvement process by
reducing the rejection/rework and also the production cost.

Joshi [1], has made an analysis of the various defects in the casting process with
Pareto and cause and effect diagrams to locate the exact causes and the remedial
factors to improve quality level and productivity of the organization [1]. Chintan
[2], discusses various tools and techniques used in Six Sigma methodology and
performancemeasurement of the organization DPMO,maintained at Six Sigma level
[2]. Manohar and Balakrishna (2013), there is an analysis of various defects seen on
the casting wheel and shows how Six Sigma methodology can be adapt in the casting
wheel production process [3]. Sandhya and Ramakrishna [4], discuss Six Sigma
DIMAIC methodology tools for reducing defects and optimizing the parameters.
Their paper demonstrates their findings of various causes using a cause and effect
diagram [4]. Sanjiv Kumar Tiwari [5], has taken up the study of a small scale foundry
industry in India, for reducing rejections in a green sand casting using Six Sigma
tools, response surface methodology using ANOVA and control chart [5].

Execution for this schema implies that the consolidation from claimingMCDM in
six sigma prompt. An noteworthy change in the sigma level of the firm Regardless of
unapproved unlucky deficiency for addition assets. This examines could help scien-
tists Furthermore professionals will completely see all the Furthermore profit starting
with BDA abilities Also change activities for example, such that LSS What’s more
GM same time overseeing Ecological issues [6–8]. Those later acquaintance of the
six sigma methodology likewise helped large portions firm for effectively upgrading
their generation capacities, lessening waste, What’s more expanding effectiveness,
also usage of the recommended six sigma approach might diminish the dismissal
rate significantly [9–11].

Execution of a six sigma nature change one task clinched alongside IndianMSME
association included in the creation about transportable enhancer frameworks with
a point to decrease the repairs Furthermore rejections Also likewise discriminating
survey with respect to detail cutoff points Also control cutoff points may be produced
starting with the point of view for six sigma nature and the require to An solid
security between the two will be pushed [12–15]. Incline manufacturing by and
large used to dispense with waste What’s more six sigma methodology utilized to
decreasing the defects clinched alongside manufacturing procedure Toward elimi-
nating the methodology variety for assistance for Factual instruments Furthermore
systems Also Additionally it could tackle the issue from claiming insufficient spec-
imens in the industry, Furthermore there will be an effective assessment transform
accessible to applications [16, 17].

There are many types seen in the casting process to suit mass production. Defect
creeping during the gravity die casting process, these deteriorate the quality of the
product. The aim of this paper is to find methods for reducing defects in the gravity
die casting process and to maintain at Six Sigma level (zero defects).
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2 Methodology

This study was done in leading foundry industry, with an in-depth study of the
gravity die casting process and controls the defect using Six Sigma methodology
and concepts. Figure 1 shows the methodology used for this study.

2.1 Define Phase

The first phase shows the existing gravity die casting process and problem definition,
with analysis of the internal and external customer voice. This phase provides the
objective of the paper and goal statement as well as the relevant data collected.

Y = f(x) (1)

where

Y Response (problem in the process), and
f(x) Suspected source of variance (cause for the problem).

Existing process study

Problem identification

Brainstorming
(Mee ng with top level management) 

Implement Six Sigma methodology

Results observation

Fig. 1 Methodology six sigma implementation
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2.2 Case Study

Six Sigma tools were planned for improvement in foundry industry. This manu-
facturing process is gravity die casting process; compressor housing products are
manufactured here.

3 Measure Phase

A measure phase was used for gathering the current data for quality and cost of the
rework, rejection rate, and locating critical defects. Pareto diagram (Fig. 2) shows the
number of defects in y axis and the nature of the defects in x axis. It shows “Metal
Not Filling defect” (MNF) accounts for bigger quality loss by the rule of 80–20.
MNF defect contributes 13.3% of quality loss (Table 1).

3.1 Statement

Molten metal is not filling (MNF Defect) properly in the diffuser area resulting in
gaps in the finished product, thereby increasing defects and reducing quality. This
problem was identified only in final inspection (Fig. 3).

Fig. 2 Pareto diagram
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Table 1 Table for Pareto diagram

Defects Count Cumulative count Cumulative %

Metal Not Filling 4470 4470 51.73012383

Blow Hole 1534 6004 69.48269876

Inclusion 1226 7230 83.67087143

Lump 532 7762 89.82756625

Core Float 508 8270 95.70651545

Core Shift 79 8349 96.62076149

Ejector Butt 65 8414 97.37298924

Over Ground 64 8478 98.11364425

Coating Peel Off 63 8541 98.84272654

Damage 47 8588 99.38664506

Gage Not Answer 28 8616 99.71068163

Drag 25 8641 100

defect manual taken

Fig. 3 MNF defect in diffuser area Problem

4 Analysis Phase

This phase helps to identify the critical cause for the MNF defect, suspected source
of variance and find the root cause (X) for the CTQ and decide which vital cause
requires controls (Y). Figure 4 shows the cause of the problem. Data was collected
with the help of the production engineer and quality manager.

4.1 Improve Phase

The aim of the improvement phase is to improve quality and provide a solution for
critical defects.
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Fig. 4 Cause and effect diagram

5 Metal not Filling (MNF)-The Step

(1) Ensure that molten metal is not returned to the holding furnace.
(2) Avoid half raiser pouring
(3) Increase the vent hole size. This increases the rate of core gas escapes from the

die during solidification.
(4) Decrease the tilt time. This helps to increase the filling effect of molten metal

in the die.
(5) Ensure that die is clean.
(6) Standardize the pouring cup angle.

5.1 Full Factorial DOE Analysis

Full Factorial gives all possible combinations of factors and levels and these were
all tested. Two factors were selected for the test (Tilt Time and Vent hole size). The
following equation shows the relationship between Y(response) and Xs(factors).

Y = a0 + a1X1 + a2X2 + · · · ∈ +apX1X2 . . . . . .XN + ε (2)

where

Y is the response and X1, X2…. Xk are the factors.
a0- a1,a2…..ap Intercept coefficients of the factors and interaction.
E Error of the model.
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2 k = 22 = 4 treatment;
K Factor (Figs. 5 and 6: Tables 2, 3 and 4).

In the control phase, the result should be palpable control and sustain the new result
and monitor it to ensure that problem seen earlier does not crop up. The following
action was implemented by the production and quality department to sustain the new
result.

• New design for the die should not be getting back into older design.

Fig. 5 Main effect plot

Fig. 6 Interaction plot control phase
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• Tilt time for the machine should be monitor regularly. Proper training to be
provided to the operator.

6 Concluding the Results

This paper shows how SIX SIGMA DMAIC methodology can be used for reducing
critical defects in a foundry industry. Quality level of the compressor housing part
is increased by the use of the six sigma approach and it helps to meet the customer
demand quickly. After using the Six Sigma methodology, the rejection rate of MNF
defect came down to 0.45% from 13.3% (Fig. 7).

Fig. 7 Defect-free job

Table 2 Factors and levels

Sl. No Suspected source of variance unit Current setting (−) New setting (+)

1 Tilt Time seconds 10(−) 8(+)

2 Vent hole size Millimetre 3(−) 4(+)
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Table 3 Two factors, two leave full factorial

Run Treatment Factors

Tilt Time (A) Vent size (B)

1 L −1 −1

2 A +1 −1

3 B −1 +1

4 Ab +1 +1

Trail 1 tilt time =10, vent size=3 Trail 2 tilt time =8, vent size=3

Test MNF rejection % Test MNF rejection %

1st 8.22 1st 5.24

2nd 13.20 2nd 6.28

3rd 13.16 3rd 5.42

Median 13.16 Median 5.42

Trail 3 tilt time =10, vent size=4 Trail 4 tilt time =8, vent size=4

Test MNF rejection % Test MNF rejection %

1st 2.63 1st 0.64

2nd 2.42 2nd 0.48

3rd 2.82 3rd 0.46

Median 2.63 Median 0.48

Table 4 Result of the trails

Trail no Tilt time Vent hole size Treatment Response (median of rejection %)

1 (−1) 10 (−1) 3 L 13.16

2 (+1) 8 (−1) 3 A 5.42

3 (−1) 10 (+1) 4 B 2.63

4 (+1) 8 (+1) 4 Ab 0.48
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Novel Metal-Organic Polymer
[Ruthenium Bis(II) (2,2′–Bipyridyl 4,4′−
Dicarboxylic Acid) (N-Methyl
morpholine)]n (BF4)2n for Dye-Sensitized
Solar Cell Application

Sathishkumar Chinnasamy, Mohanraj Shanmugam,
and Sivasubramanian Ramanathan

Abstract Herein, we have given the synthesis of a novel Ruthenium based
metal-organic polymer dye [Ru(L1)2(L2)]n(BF4)2n, where L1 = 2,2′bipyridyl 4,4′-
dicarboxylic acid, L2 = N-Methyl Morpholine, coded as RuMOP-NMM1, centered
on long-drawn-out organic base (N-Methyl Morpholine) as linker unit and its
photophysical and electrochemical properties. The material was characterized by
UV–Vis absorption, Fluorescence, Infrared (FT-IR), Raman and Nuclear Magnetic
Resonance (NMR) spectroscopy, Elemental Analyser (CHNS/O), Thermo Gravi-
metric/Differential Scanning calorimetry (TG/DSC) and Cyclic Voltametry (CV).
The polynuclear complex displays an absorption band on longer wavelengths with
high molar extinction coefficient. The metal-mediated supramolecular polymer
complex, exhibit a strong luminescence emission. Henceforth, these metal-organic
polymer (RuMOP-NMM1) have better thermal and chemical stability than the
mononuclear complexes. These photoluminescence and electrochemical characteri-
zation results strongly suggest that the synthesized metal-organic polymer is kinet-
ically and energetically suitable to aid as sensitizers in energy-relevant applications
mainly in dye-sensitized solar cell (DSSC).

Keywords Methyl morpholine · Supramolecular · Polymer · Metal-organic ·
DSSC · Sensitizer · Ruthenium (II) · Solar cell
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1 Introduction

In the present global scenario, the important need of the hour is to utilize renewable
energy sources for commercial applications. In that, solar energy utilization is the
prior one and important one. So in the last few years, research on conversion of
solar energy into photovoltaic energy becomes a significant one. As a consequence,
range of photovoltaic devices (solar cells) was raised such as silicon solar cells,
organic Solar cells, dye-sensitized solar cells and polymer solar cells [1–6]. In that,
dye-sensitized solar cells (DSSCs) have involved noteworthy attention of recent
researchers due to their low production cost. As presence a multilayer stratagem,
the efficiency of DSSC mostly rests on the act of sensitizers, TiO2 photoanode,
counter electrode and electrolyte [7]. Among these main components, dye sensitizer
is accountable for the photon absorption, electron injection and enlightening the
efficiency. Subsequently, dye sensitizer plays an energetic part in the device efficacy,
different kinds of dyes have been used in DSSC. Amongst these dye sensitizers,
ruthenium polypyridyl based dyes exposed the preeminent concert due to their better
light-harvesting properties upon adsorption onto TiO2. [8–11]. Though, Ruthenium
polypyridyl based dyes were identified as the most competent sensitizers for DSSC
applications. In specific, the dicarboxylated bipyridine ligand-based N3 referred to
as the standard. Ruthenium polypyridyl complex centered sensitizers have attained
12% efficiency. So, there is a great entreaty to expand the performance of ruthenium
complexes based DSSCs [12, 13].

In mandate to realize higher efficiency, sensitizers with appropriate structural
sorts are required. Covering the aromatic units over various ligands, the photophys-
ical electrochemical characteristics of DSSC might be amended. Supramolecular
metallo-polymers have increased ample interest in current years [14]. These poly-
mers through extended π—conjugation units can display unusual photophysical and
electrochemical properties. Therefore, the transition metal founded main chain coor-
dinationpolymers showgreater photophysical properties and absorptionbandswithin
elevation extinction coefficients [15, 16]. These supramolecular metallo-polymers
too display the grouping of both organic and organometallic compounds. The struc-
ture and the property of the metallopolymers can impart significant differences in the
device performances. Ruthenium based metallo-polymers with conjugated units has
many advantages, such as long-lived metal to ligand charge transfer (MLCT) and
exhibit Ru(II, III) along with ligand centered redox process [17, 18].

In this work, we report the synthesis and characterization of novel Ruthenium
based metal-organic polymer dye [Ru(L1)2(L2)]n(BF4)2n, where L1 = 2,2′bipyridyl
4,4′-dicarboxylic acid, L2 =N-MethylMorpholine, coded asRuMOP-NMM1, struc-
ture–property rapport as a sensitizer in DSSC has been considered. The polymeric
dye presented exceptional performance closed to that of reference dyes.
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2 Experimental Section

2.1 Materials and Methods

All reagents and solvents used in this synthesis are AR grade. All reactions are
carried out under Argon gas atmosphere. The Ruthenium precursor Ru(dcbpy)2Cl2,
reference dye (N3 dye) was prepared according to the literature. P25 TiO2 powder
(<99%) were purchased from Sigma Aldrich.

2.2 Characterization

The UV–Vis spectra were obtained by using Shimadzu UV-1800 UV–VIS spec-
trophotometer (Japan). Flourescence spectra were taken by Shimadzu RF-6000
spectrofluorophotometer (Japan). FTIR spectra were measured in IR Affinity FTIR,
(Shimadzu, Japan). 1H NMR spectra were received by 400 MHz NMR spectrometer
JEOL JMM-ECS 400. The elemental and mass analysis was completed by Perkin-
Elmer elemental analyzer and JEOL GCMATEII correspondingly. The TGA/DSC
analysis was conceded out in NETZCH STA Jupiter 4429. Raman analysis was
ensured by Horiba Jobin-LabRam-HR UV–vis μ-Raman spe at ambient tempera-
ture with Argon laser with an excitation wavelength of 514 nm equipped with CCD
detector.

3 Results and Discussion

3.1 Synthesis of RuMOP-NMM1

[Ru(L1)2(L2)]n(BF4)2n, Where L1 = 2,2′bipyridyl 4,4′-Dicarboxylic Acid, L2 =
N-Methyl Morpholine]

Preparation of metal-organic polymer dye [Ru(L1)2(L2)]n(BF4)2n, where L1 =
2,2′bipyridyl 4,4′-dicarboxylic acid, L2 =N-Methyl Morpholine, coded as RuMOP-
NMM1, was prepared by the following synthetic procedure (1), concerning the
replacement of the two chloride ions in Ru(II) precursor [RuCl2(dcbpy)Cl2] with
the N-Methyl Morpholine as linker unit which is based on extended organic base
group.
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Scheme 1 Synthesis of RuMOP-NMM1

Fig. 1 a and b RuMOP-NMM1 in Methanol and in powder form

3.2 UV–Visible and Emission Spectroscopy

The UV–Vis spectra of (RuMOP-NMM1) show bands in the visible region due to
MLCT transitions. The occurrence of carboxylated group exhibit twoπ toπ* intrali-
gand transitions. The two t2 toπ*MLCTbands is due to the visible and near–UV. The
absorption and emission values were given in Table 1. The room temperature lumi-
nescence of (RuMOP-NMM1) complex is displayed the luminescence maximum
is positioned centered at 534 nm.

Table 1 Absorption and
luminescence properties of
(RuMOP-NMM1)

Complex Absorbance
(nm)

Emission
(nm)

(RuMOP-NMM1) 522 535

390

312
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Structure of RuMOP-NMM1

3.3 FT–IR Spectroscopy

A sturdy band in the area of 3412 cm−1, owing to the occurrence of O–H group of
the carboxylic acid group. The quite durable absorption at 1711 cm−1 corresponds
to the stretching vibration mode of C = O bond and the bands at 1359 cm−1 and
1601 cm−1 are due to the symmetric and asymmetric stretching in the C = O and
C-H bands respectively. Due to the N-coordination from the N-methyl morpholine
unit absorption at 2011 cm−1 was noted [19].

3.4 Thermal Gravimetric Analysis

The TGA curve of the metal-organic polymer (RuMOP-NMM1) is given in Fig. 1.
7.66% weight loss at 70–90 °C is due to the removal of solvent residues. A weight
loss observed at 250–345 °C arise due to the loss of coordinated organic ligand.
Overhead 400 °C a nearly horizontal curve was obtained due to the realization of
metal oxides. The weight fraction of mass change is given in Table 2. The thermal
behaviour is consistent with other Ru based dicarboxylic bipyridyl ligands [20].
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Table 2 Thermal properties of (RuMOP-NMM1) sensitizer

Complex Temp (ºC) Mass Change (%)

RuMOP-NMM1 90 7.66

345 23.81

400 45.62

Table 3 Photovoltaic properties of DSC [Ru(dcbpy)2](NCS)2 as sensitizer

Complex Jsc (mA cm−2) Voc (V) FF (%) Efficiency (%)

(RuMOP-MM1) 2.79 0.582 65.1 1.07

3.5 Fabrication of DSSCs

DSSChas been prepared using the synthesized (RuMOP-NMM1)dye as a photosen-
sitizer andwith a double layer TiO2 coating onFTOplate as photo anode entailing of a
transparent titania nanoparticles and BMMI electrolyte.We checked the photovoltaic
response of the devices. The photovoltaic parameters are listed in Table 3.

The overall conversion efficiencies 2.3% were derived from the equation:

IPCE = Jsc × Vo × FF,

where

Jsc is the short circuit current density,
Voc the open-circuit voltage and FF the fill factor.

By using N3 dye the overall efficiency obtained was 10%. In this report the
power conversion efficiencies were 1.07% only, we stress the detail that by tuning
all other parameters these dyes can attain the literature mentioned efficiency. We
believe that the use of more pi-conjugated extended schemes, with appropriate
p-delocalized substituent’s also would improve light harvesting possessions and,
ultimately, photovoltaic performances.

3.6 I-V Characteristics

The current density (J) against voltage (V) curves of the DSSC is exposed in Fig. 2.
The photovoltaic dimensions of open-circuit voltage (Voc), short circuit current
density (Jsc), fill factor (FF), and the PCE (ï) values were abridged in Table 3.
The metal-organic polymer (RuMOP-Pyz-1), based DSSC showed the photocon-
version efficiency value (ï) of 1.07% with short circuit current (Jsc) 2.79 mA/cm2;
open-circuit voltage (V oc) 0.582 V and Fill Factor (FF) 65.1%. In compared with the
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reference dye. The main-chain metal-organic polymer-based supramolecular ruthe-
nium which has linker units, has better photovoltaic properties. So, in this synthe-
sized main-chain metal-organic polymer which has efficient electron injection on
TiO2 surface (Fig. 3).

Fig. 2 TGA and DSC curves of (RuMOP-NMM1)

Fig. 3 J-V curves of
(RuMOP-NMM1) as
sensitizer in DSSC
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4 Conclusions

In summary, [Ru(L1)2(L2)]n(BF4)2n, where L1= 2,2′bipyridyl 4,4′-dicarboxylic
acid, L2= N-Methyl Morpholine, metal-organic polymer RuMOP-NMM1 was
effectively prepared and engaged as an energy material in the form of sensitizer in
DSSC. The synthesizedmetal-organic polymerwas characterized using several spec-
troscopic and microscopic techniques. A maximum conversion efficiency of 1.07%
with short circuit current (Jsc) 3.22 mA/cm2; open-circuit voltage (Voc) 0.582 V and
Fill Factor (FF) 65.1%. Under Air Mass (AM) 1.5 G simulated sunlight at a light
intensity of 100 mW/cm2 was obtained.
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Effect of Different SiCp Particle Sizes
on the Behavior of AA 7075 Hot
Deformation Composites Using
Processing Maps

M. Rajamuthamilselvan, S. Rajakumar, and S. Kavitha

Abstract The mechanical reaction of 7075 Al alloy and Al 7075/15% SiCp with
5 μm, 20 μm, and 63 μm metal-matrix composites is investigated using a hot
compression sample. In order to achieve the processing map of the studied material
following the dynamic material model, the flow stress curves obtained in tempera-
ture ranges of 300–500 °C and strain rate ranges of 0.001–1.0 s-1, respectively. All
flow instability zones are analyzed by an optical microscope. Microstructural char-
acterization carried out using an optical microscope image analyzer on compressed
composite specimens showed safe domains and non-safe domains. The composites
of AA7075/20 μm SiCp showed higher efficiency, flow stress, and lower regimes of
instability than alloy.

Keywords Mmcs · Processing maps · Dynamic recrystallization · Hot workability

1 Introduction

Hot deformation is an essential step in aluminum alloy production. Number of studies
on the hotworkability of these alloys has been carried out [1, 2].Higher flowstress can
be obtained for the alloy with unstable microstructure due to dynamic precipitation,
and the flow curves often show significant softening due to subsequent coarsening
of particles [1]. Due to their high mechanical properties and low density, the high-
strengthAl–Zn–Mg–Cu alloyswerewidely used in aeronautical structures. However,

M. Rajamuthamilselvan (B)
Department of Mechanical Engineering, Government College of Engineering, Srirangam, Trichy,
Tamilnadu 620012, India
e-mail: rajanarmi@yahoo.co.in

S. Rajakumar
Department of Manufacturing Engineering, Annamalai University, Annamlai Nagar,
Chidambaram, Tamilnadu 608002, India

S. Kavitha
Department of Electronics and Instrumentation Engineering Annamalai University, Annamlai
Nagar, Chidambaram, Tamilnadu 608002, India

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Singapore Pte Ltd. 2021
G. Kumaresan et al. (eds.), Advances in Materials Research, Springer Proceedings
in Materials 5, https://doi.org/10.1007/978-981-15-8319-3_123

1233

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8319-3_123&domain=pdf
mailto:rajanarmi@yahoo.co.in
https://doi.org/10.1007/978-981-15-8319-3_123


1234 M. Rajamuthamilselvan et al.

due to the high concentration of Zn, Mg, and Cu elements, their hot workability is
often reduced. Thus, to obtain only the required shape, but also more importantly
the desired microstructure and properties, the hot deformation parameters need to be
optimized. Because of the practical importance, the warm deformation behavior of
some Al–Zn–Mg–Cu alloys [3] has been investigated.

Al-MMCs can substitute for steel to some degree when reinforced with ceramic
particulate materials such as SiC, Al2O3, B4C, and TiC. Consequently, they have
great potential of application in defense and automotive industries [4].The high-
strength metal-matrix composites combine the high strength and hardness of the
reinforcing phase with the ductility and toughness of light metals that the particulate-
reinforced metal-matrix composites have emerged as attractive materials for use in a
range of applications involving industry, military, and space-related applications [5].
The renewed interest in metal-matrix composites was encouraged by the production
of reinforcement material that either offers improved properties or reduced costs
compared to existing monolithic materials [6]. As a function of temperature, strain
rate, and strain, the input to produce a processing map is the experimental flow stress
information. Since the generated map will only be as good as the input data, it is
important to use precise, reliable, and yet simple experimental technique to generate
them [7].

Reinforcement of the size and volume fraction are two important factors control-
ling the mechanical properties of MMC. Clearly, the spacing between particles is an
important geometric parameter to regulate an inhomogeneous plastic deformation in
the composite. According to Liu et al.[8], the strain gradient can effectively describe
this in homogenous plastic deformation. Comparative study on the effect of SiCp
particle sizes and volume fraction on 7075Al/SiCp composites deformation behavior
is discussed below.

The processing map technique is based on the concept of dynamic materials,
whose principles were mentioned earlier [9, 10]. In short, the work piece under-
going a hot deformation is considered to be a power dissipater, and the total power
instantaneously dissipated is given by.

P =
έ∫

0

σ.d έ +
σ∫

0

έ.dσ = G + J (1)

where there is the strength of flow and where there is the rate of stress. In terms of
terminology of physical systems, the first integral is called G content representing
heat deformation, and the second one is a J co-content representing microstructural
dissipation, which is a complementary part of G content. The strain rate sensitivity
(m) is the factor that divides energy between heat deformation and microstructural
changes as follows:

d J

dG
= έ.dσ

σ.d έ
= έσd ln σ

σ έd log έ
≈ � log σ

� log έ
= m (2)
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The efficiency of power dissipation (η) which occurs during deformation by
microstructural adjustments is derived by contrasting the nonlinear power dissipation
which occurs instantaneously in the workpiece with that of a linear dissipater (m =
1).

� J/ � P

(� J/ � P)linear
= m/(m + 1)

1/2
= m

m + 1
= η (3)

The energy dissipation map represents the three-dimensional variance of temper-
ature and strain efficiency that is generally viewed as a contour map of iso-efficiency.
Furthermore, the extreme principles of irreversible thermodynamics applied to
continuum mechanics of large plastic flow were explored to establish a criterion
for the onset of flow instability provided by the parameter of instability ξ (š)

ξ
(
έ
) = δ ln(m/m + 1)

δ ln έ
+ m < 0 (4)

The variance of the parameter of instability as a function of temperature and stress
level is a map of instability that delineates instability regimes where ξ is negative.
A superimposition of the instability map on the energy dissipation map provides a
processing map showing domains where individual microstructural processes domi-
nate and limiting flow instability conditions for regimes. Processing maps help to
identify hot working temperature–strain rate windows where the material’s intrinsic
workability is maximum (e.g., superplasticity or dynamic recrystallization (DRX))
and also prevent flow instability regimes (e.g., flow location or adiabatic shear bands)
or cracking. Previously, the processing map technique was used to research the
mechanisms of warm deformation in Al and its alloys [9, 11] including dynamic
recrystallization (DRX) and flow instability.

The standard equation of the kinetic rate relative to the flow stress (σ) and the
strain rate (š) is given by [12, 13]:

έ = Aσ n exp(−Q/RT ) (5)

where A = constant, n = stress exponent, Q = activation energy, and R = gas
constant. The rate-controllingmechanisms are identified on the basis of the activation
parameters n and Q.

2 Experimental Work

Stir-casting technique was used to produce 7075Al alloy, 7075 Al alloy with rein-
forcement size was 5 μm, 20 μm, and 63 μm SiCp with 15% silicon carbide
composite volume fraction. The aluminum alloy matrix content was 7075. Using a
revolving impeller in Argon setting, preheated SiCp (250° C) was applied to the melt
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and mixed and poured in permanent mold. The cylindrical samples were made from
the extruded rods, 10mm in diameter and 10mm in height. The hot compression tests
were carried out on a universal testing machine controlled by 1OT servo for different
strains (0.1–0.5), strain rates (0.001 s−1–1.0 s−1), and temperatures (300–500° C).
The specimen’s temperature was monitored using a chromel/alumel thermocouple
embedded in a 0.5 mm hole drilled half of the specimen’s height [14]. The samples
were immediately quenched in water after compression analysis and microstruc-
ture were examined for the cross section. Specimens have been deformed to half
of their original height. Parallel to the compression axis, deformed specimens were
sectioned, and the cut surface was prepared for metallographic testing. Specimens
have been etched with the solution from Keller [15]. The specimen microstructure
was obtained through an optical microscope, and the deformation mechanism was
studied. For different strain levels, temperatures at a constant strain of 0.5 were eval-
uated using the flow stress information, power dissipation efficiency, and flow insta-
bility. Processing maps for 7075 Al alloy and Al 7075/SiC/15 percent composites
were produced for 0.5 strains.

3 Result and Discussions

3.1 Interpretation from Flow Curves

It is well known that mechanical performance also depends on the size of the rein-
forcement particle in particulate-reinforced metal-matrix composites. If the rein-
forcement particle size is larger, yield and flow stresses will be increased while the
strength and ductility of the fracture will often be decreased. Therefore, reinforce-
ment particles of large size have a high fracture propensity during low temperature
deformation. This pattern may also tend to be at a moderately high temperature. In
such a situation, under terms of flow pressure enhancement, the impact of additional
reinforcement becomes less. Nonetheless, flow pressure is linear at high stress levels,
indicating the effect of increased density of dislocation in the matrix [16].

Figure 1a–d shows the flow curves of 7075 aluminum alloy and 7075Al/15%SiCp
composites deformed at 0.1 s−1 and different temperatures ranges from 300–500 °C,
respectively. The materials flow stress increases as the stress rate increases and the
temperature decreases. The typical behavior of warm working conditions deformed
metals [17]. For the reinforced composites, the flow pressure is lower in all situations.
In the curves, it is clearly observed that there is considerable softening of the flow in
composites, especially at higher strain values. This shows that the variance in flow
pressure with change in particle size for a constant 15 percent composite volume
fraction. It is interesting to note that the flow pressure rises at 400° C with particle
size, whereas at a higher deformation temperature of 450° C it shows a decreasing
pattern. It is well known that enhancing the mechanical properties of hard ceramic
particles in a soft metallic matrix [18]. Larger SiC particle size added in composites
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shows higher strain durability index and lower strength coefficient values due to
better SiC load transfer rate to the aluminum matrix compared to lower particle size
[19]. Therefore, the flowpressure of composites increaseswith increased particle size
of reinforcement. With increased size of SiCp of composites, the better densification
increases.

Because of a steep rise in the same way as the particle size is finer; the fraction of
smaller particles will create a high dislocation density relative to larger particles [20].
Due to this crucial variation in dislocation size, a large number would be generated
locally in homogenous areas, which in turnwould affect local flow behavior. This can
lead to a non-uniform reduction in flow and flow stress, making the system plastically
unstable. Experiments in which a steep increase in dislocation density is observed
with a decrease in particle size can describe a critical size. An increase in particle
size, on the other hand, reduced composite strength and increased ductility [21].

3.2 Interpretation from Processing Map

The ultimate goal is to produce components with regulated microstructure and
properties on a repeatable basis in a manufacturing environment, without macro-
or microstructural defects [9]. Microstructures of deformed samples showed that
under these storage conditions, dynamic recovery is the mechanism. The approach
to processing maps was found to be useful in achieving optimum processing parame-
ters and preventing microstructural defects like flow instability [22]. Figure 2 shows
the processing maps for 7075 Al alloy, and 7075Al/SiCp with 5 μm, 20 μm, and
63 μm composites obtained by superimposing the instability map on the 0.5 strain
efficiency is shown in Fig. 2a–d, respectively. The contour numbers represent the
efficiency of power dissipation, and the shaded domains show the flow instability
regions. The difference of microscopic stress and strain distributions is lower in finer
microstructure composites. Temperature rises in the DRX domain as the particle size
increases [23]. It is in good agreement with the findings reviewed as, Fig. 2a the map
exhibits a DRX domain in the temperature range 350–395 oC and strain rate range
0.013–0.12 s−1 with a peak efficiency of about 28% occurring at 350 °C and 0.1 s−1.
In Fig. 2b, the map exhibits that the DRX domain is obtained at the temperature, and
strain rate ranges are 345–385 °C and 0.01–0.1 s−1 with a peak efficiency of about
26% at 365 °C and 0.05 s−1(5 μm). In Fig. 2c, the DRX domain occurs in the region
of 355–420 °C for a strain rate range of 0.01–0.1 s−1. The maximum efficiency in
this domain is 44%, increasing from 20%. In Fig. 2d, the DRX domain occurs in the
region of 435–495 °C for a strain rate range of 0.02–0.16 s−1. The maximum effi-
ciency in this domain is 36%( 63 μm). In the 7075Al/SiCp with 20 μm composites
(Fig. 2c), the maximum efficiency is due to the high bonding area when compared
with the small particle size, i.e., 5 μm reinforcement size.
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Fig. 1 a Flow curves of 7075 Al alloy for different temperatures at constant strain rate of 0.1 s−1

b Flow curves of 7075 Al/15%SiCp (5 μm) for different temperatures at constant strain rate of
0.1 s−1 c Flow curves of 7075 Al/15%SiCp (20 μm) for different temperatures at constant strain
rate of 0.1 s−1 d Flow curves of 7075 Al/15%SiCp (63 μm) for different temperatures at constant
strain rate of 0.1 s−1

The stable efficiency value as a strain function indicates that the dissipation of
power occurs through microstructural equilibrium processes that occur during defor-
mation, i.e., dynamic restoration processes such asDRX andDRV.However, for veri-
fication, thorough microstructural analysis will still be required. A high efficiency in
the stable environment suggests better conditions for process. Deformation efficiency
of composites improves with an increase in reinforcement particle sizes up to 20 μm
(5μm—efficiency is 26%, 20μm—efficiency is 44%), then the efficiency decreases
for composites with a reinforcement particle size of 63μm (36%), as larger particles
fragment more easily during deformation than smaller ones [23].

3.3 Microstructural Examination

Interpretations of the various domains of deformation must be based on microstruc-
tural validation [22]. Figure 3a shows the micrograph of deformed 7075Al alloy at
350 °C and 0.1 s−1 and Fig. 3b, c deformed 7075Al/SiCp with 5 μm and 20 μm at
400 °C and 0.1 s−1. Fig. 3d shows deformed 7075Al/SiCp with 63 μm at 450 °C
and 0.1 s−1. With wavy grain boundaries typical of grain processing by dynamic
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Fig. 2 a Processing map for 7075 alloy b Processingmap for 7075Al/15%SiCp (5μm) composites
c Processing map for 7075Al/15% SiCp (20 μm) composites d Processing map for 7075Al/15%
SiCp (63 μm) composites

recrystallization (DRX) [24], fine grains are observed in the above micrographs. The
occurrence of dynamic recovery and dynamic recrystallization at higher tempera-
tures and moderate strain rate deformation results in a significant reduction in flow
stress. DRX is more successful than the DRY, however. DRX is a domain chosen
to optimize hot workability and control good microstructure [24]. It is found that
in the composites the dynamically recrystallized volume of grain is smaller than in
alloy. This is done in the matrix by strong particles. The maximum power dissipation
efficiency in the DRX domain of the 7075 Al/20 μm of SiCp is higher than that of
7075 Al alloys and 7075 Al/5 μm, 63 μm of SiCp. Large reinforcement particles are
prone to fracture compared to smaller ones [25]. This particle fracture phenomenon
is not expected to be an effective mechanism at high temperatures but to increase the
relaxation temperature for a given strain rate for a large particle size composite rein-
forced lower temperature compared to temperature restoration can result in pressure
accumulation at the particle/matrix interfaces. In the end, this leads to more fracture
events involving the reinforcement of large particles and matrix cavitations [25, 26].

It is well agreement with the present study that particle cracking is identified in
7075Al/15% SiCp composites of higher reinforcement particle sizes (20 and 63μm)
which are as shown in Fig. 4a, b. Overall, during deformation, larger particles fracture
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Fig. 3 a Dynamic recrystallization for 7075Al alloy at 350 °C at a strain rate of 0.1 s−1 bDynamic
recrystallization for 7075Al/15% SiCp (5 μm) composites at 400 °C at a strain rate of 0.1 s−1

c Dynamic recrystallization for 7075Al/15% SiCp (20 μm) composites at 400C and at a strain rate
of 0.1 s−1 d Dynamic recrystallization for 7075Al/15% SiCp (63 μm) composites at 450 °C at a
strain rate of 0.1 s−1

Fig. 4 a SEM image of particle breakage for 7075Al/15% SiCp (20 μm) composites at 400C and
at a strain rate of 1.0 s−1 b Particle cracking for 7075Al/15% SiCp (63 μm) composites at 500
◦52C and at a strain rate of 1.0 s−1
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more easily than smaller ones [23]. Larger particles have a larger interface area with
the matrix and are therefore subject to higher concentration of stress. The force of
the particle fracture is regulated by the intrinsic defects in the particle. Because the
particle size of a flaw is small, larger particles are more likely to break because they
are more likely to have a flaw greater than a certain critical size [27]. In addition, the
composite containing large-size reinforcement particle showsmore particle breakage
at a higher strain rate. Srivastava et al. [20] stated that smaller particles increase
the hardening of composites by plastic work, while particle/matrix interfacial de-
cohesion does the contrary. Similarly, smaller 17 μm particle size may also result in
poor workability. Large particle size with moderate volume reinforcement fraction
would therefore give improved workability.

It was also pointed out that smaller particles lead to debonding of the interface,
while larger ones often fractured during loading [20]. This argument is confirmed
in the present investigation, i.e., debonding occurs in 7075 Al/15%SiCp (5 μm)
composites as shown in Fig. 5, particle fracture occurs in7075 Al/15%SiCp (63 μm)
composites. The particle size of reinforcement dominatesMMCrupture, for example,
cracks usually occur in particles with a dimension greater than 5 μm, whereas small
particles (< 5 μm) tend to be deboned at the matrix–particle interface [28]. Matrix
stress is inhomogeneous during the initial deformation stage due to the discrepancy
between the particles and the matrix of the elastic modulus. In the matrix, which
closes to the tip of the particles along the loading axis, high stress also develops. In
the vicinity of the particles, the stress concentration is due to the stress restriction in
the presence of SiC particles [29].

Due to inhomogeneity in the stress distribution, fracture and debonding occur
locally at the interfaces. This can be avoided by processing the composites between
reinforced particles that do not form deformation zones. It is well known in
particulate-reinforced composites that debonding particle damage is easy to occur on
large particles of reinforcement and difficult to occur on small particles of reinforce-
ment. In order to consider the effect of particle size on damage, debonding damage
is assumed to be controlled by a critical energy criterion for interfacial debonding
of particle–matrix. The particle size is smaller, dislocation reinforcement is more

Fig. 5 Deboning for
7075Al/15% SiCp (5 μm)
composites at 450 °C and at
a strain rate of 1.0 s−1
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Fig. 6 a Matrix cracking for 7075Al/15% SiCp (5 μm) composites at 500 °C and a strain rate of
1.0 s−1. b Interface crack for 7075Al/15% SiCp (20 μm) composites at 500C and at a strain rate of
1.0 s−1 c SEM image of interface cracking for 7075Al/15% SiCp (63 μm) composites at 500 °C
and a strain rate of 1.0 s−1

dominant, and debonding damage is more difficult to occur. The debonding damage
occurs from larger particles to smaller particles in composites containing different
sizes of particles, and the stress–strain relationship shifts to the lower side of stress
[30].

The dynamic interplay of particle size, volume fraction, and strain frequency
results in variability in the creation of voids and damage to particles. Low stress
levels may relate large variation in the difference in porosity to the low value of
matrix flow pressure, resulting in localized stress fields in turn. At a higher strain
rate, high matrix flow stress does not allow large plastic strain around particles
and thus fewer instances of particle breaking. At high stress frequency, particle
breakage may be expected to be lower, but in such situations, the matrix cavitation
phenomenon may become dominant due to inhomogeneous stress distribution in the
matrix; hence matrix cracking or interface cracking may occur. Matrix cracking and
interface cracking that occurs at higher strain rate and higher temperature in all the
7075Al/SiCp composite materials investigated are as shown in Fig. 6a–c.
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4 Conclusions

The following conclusions were drawn from the investigation.

• Temperature rises in the DRX domain as the particle size increases. As the content
of silicon carbide increases, the pore size becomes smaller, resulting in an increase
in the value of the formability pressure index.

• During deformation, larger particles fracture more quickly than smaller ones.
Larger particles have a wider interface with the matrix and are therefore subject
to higher concentration of pressure.

• Higher reinforcement particle size of SiCp composites (7075Al (5 μm)) does
not consider particle cracking. Since smaller particles improve the hardening of
composites in the plastic work.

• Debonding particle damage on large reinforcement particles is easy to occur and
is difficult to occur on small reinforcement particles due to the more prevalent
dislocation reinforcement. Significant particle fracture and interface debonding
at large strains can be related due to the low flow pressure of large particle size
reinforced composites. Due to inhomogeneity in the stress distribution, fracture
and debonding occur locally at the interfaces.

• Deformation efficiency of composites increases with an increase in reinforcement
particle sizes up to 20μm (5μm—efficiency is 26%, 20μm—efficiency is 30%),
then the efficiency decreases for composites with a reinforcement particle size of
63 μm (28%)
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Experimental Analysis of Forced
Turbulent Convective Heat Transfer
in a Circular Cross-Sectional Tube With
Al2O3-Water Nanofluid

V. D. Tamilarasan, T. Rameshkumar, S. Saravanan, and A. Ramakrishnan

Abstract In a turbulent flow, heat transfer through convection and variation in pres-
sure of a fluid through a circular cross-sectional tube with constant wall temperature
using metallic nanopowder (Al2O3-aluminum oxide) in a base fluid (H2O-water)
is studied. The results can be utilized to increase heat transfer rates in many heat
transfer applications. The heat transfer coefficient, Nusselt number and Reynolds
number were obtained for different wall temperatures (45, 50, 55 and 60 °C) at
different mass flow rates (60 LPH (Liter Per Hour),75 LPH & 90 LPH) of base and
nanofluid (Al2O3/H2O). Earlier researchers used millimeter and micrometer-sized
particles to increase the heat transfer rates, but encountered problems of clogging and
suspension stability. Nowadays, modern techniques are used to produce nanometer-
sized particles as per requirement. In this study, the heat transfer coefficient of the
base fluid is increased by dispersing Al2O3 nanoparticle in a particular concentration
(ϕ = 0.05%). Nanoparticles presence in base fluid slightly increases the heat transfer
coefficient of the systemwhen compared to the base fluid without nanoparticles. The
study also analyzes the performance of heat transfer by varying mass flow rates with
different wall temperatures and compares its results to nanofluid with water.

Keywords Nanoparticles · Turbulent flow · Particle size · Convective heat
transfer · Aluminum oxide

Nomenclature

ρ Density of fluid (Kg/m3) (Subscript bf, nf& p denotes the base fluid,
nanofluid & nanoparticles respectively)

k Thermal conductivity (W/m2K)
Cp Specific heat (J/KgK)
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d Nano-particle diameter (nm)
D Diameter of circular tube (m)
L Length of the tube (m)
μ Viscosity of the fluid (Pa s)
T Nanofluid temperature (°C)
Tfr Temperature at the freezing point of the base fluid (°C)
Pr Prandtl number
� Volume fraction
Rep Reynolds number
Kb Boltzmann’s constant
Nu Nusselt number
H Heat transfer coefficient (W/mK)
Q Heat transfer rate (W/m2)
A Cross sectional area of tube (mm)
Tw Average wall temperature (°C)
Tb Bulk mean temperature (°C)
Tin Inlet temperature of fluid (°C)
Tout Outlet temperature of fluid (°C)
T1, T2, T3, T4 Measure the wall tem-perature of the tube (°C)

1 Introduction

Heat transfer through convection can be raised by dispersion of nanoparticles, which
have an ability to raise the heat transfermore efficiently in a base fluidwhen compared
with conventional fluids like water. The fluid properties, size and concentration of
the nanoparticles play the important parameter for heat transfer enhancement in heat
exchanger applications. Using different volumes of concentration of nanofluid in
different flow patterns such as laminar flow, transition flow and turbulent flow would
yield a number of different research papers. Observation of the above flow pattern
of nanofluids in a circular tube and enhancements in heat transfer have been found
and supported this research work.

Earlier research articles indicates that the coefficient of heat transfer of base
fluids have lesser capability to transfer heat than the nanofluids, at a slight or no
pressure drop. Pak and Cho (1998) [1] examined the convective heat transfer of
water-based nanofluid (dilute y-Al2O3/Water) in a turbulent flow, at different mixture
ratio and correlation of the Nusselt number. The experiment was conducted in a
horizontal circular cross-sectional pipe at a constant wall heat flux using Al2O3

and TiO2 nanoparticles. The results indicate that there is an increase in Reynolds
number and bulk concentration of the particle by increasing the Nusselt number in
nanoparticles. Choi [2] proposed that the nanoparticle dispersion in base fluid would
cause higher thermal conductivity than the base liquid. Nanoparticles have better
stability, less clogging and higher surface area.
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Wen and Ding [3] studied the enhancement of convective heat in a laminar flow in
a circular pipe by dispersed the nanoparticle Al2O3 in base fluid. The heat transfer is
directly proportional to the Reynolds number, as well as particle concentration. This
enhancement that takes place is high at the entrance area of pipe and decreases with
axial length. Ding et al. [4] proposed an experimental setup to study the behavior of
heat transfer due to suspending aqueous medium in a multi-walled carbon nanotubes
(CNT). They discovered that the convective rate of heat transfer was enhanced
with H2O as the working fluid. Heat transfer relies on the condition of flow of
fluid, pH level, the size of the nanotubes. The results from the experimental studies
proposed that for Al2O3 and CuO nanofluid systems, the heat transfer coefficient
gets enhanced with the effect of nanoparticles concentrations and Peclet number.
When compared to CuO/H2O nanofluid, the enhancement of heat transfer is high in
Al2O3/H2O nanofluids. Other factors that would affect heat transfer in nanoparticles
are amount of dispersion, chaotic movement of the particle, Brownian motion and
particle migration [5, 6, 8].

Anoop and Sundararajan [7] studied the behavior of nanofluid with varying
particle sizes (45–150 nm) and found that the coefficient of heat transfer of parti-
cles of diameter 45 nm was higher to that of the particles of diameter 150 nm. For
instance, at x/D = 147, 45 nm nanoparticle size-based nanofluid increases the coef-
ficient of heat transfer around 25% when compared to the 150 nm nanoparticle.
Increasing the concentration of nanoparticles in nanofluid and flow rate increases
the average heat transfer coefficient. Nguyen et.al. [9]. Developed cooling system of
microprocessor, which hasAl2O3 Nanoparticles suspended in them for enhancing the
coefficient of heat transfer of the system, under turbulent flow conditions. Fotukian
and Nasr Esfahany [10] experimentally analyzed the turbulent convective transfer of
heat of Al2O3/H2O flowing in a circular cross-sectional pipe, maintaining uniform
wall temperature throughout the tube in the laminar flow condition. It increases the
coefficient of heat transfer by 48%, while maintaining nanoparticle concentration
(0.05%). When compared to pure water, the coefficient of heat transfer increases
by 25% and pressure drop increases by 20% when the concentration of particles is
0.24%. The heat transfer coefficient depends on the Reynolds number, nanoparticle
concentration and its thermal conductivity. The size of nanoparticle plays an opposite
effect on the heat transfer coefficient at a fixed flow rate of nanofluid [11–13].

2 Experimental Methods of Nanoparticle Preparation

2.1 Aluminum oxide (Al2O3)

Al2O3 is used as a nanoparticle in thiswork. It is dispersed in thewater shown inFig. 1.
Totally, 12 g of Al2O3 nanopowder is dissolved in 6-L water. Al2O3 is commercially
available powder and mostly used by the researchers. It is also cheap when compared
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Fig. 1 Al2O3 Nanopowder

Table 1 Thermophysical
properties of Al2O3

Powder name α-Aluminum oxide(Al2O3) or
Alumina ( 99.9%)

Average particle size 45 nm

Color White

Crystal structure Rhombohedral

Specific heat capacity 0.850 J/g-oC

Molecular weight 101.961 g/mol

Density 3.96 g/cc

Thermal conductivity 30 W/m–K

Melting point 2054 °C

Boiling point ≥3000 °C

Maximum service
temperature, Air

1750 °C

Molar volume 25.575 cc/mol

to the other powders like CuO and Ag. The thermophysical properties of Al2O3 are
shown in Table 1.

2.2 Preparation of Al2O3 Nanofluid

The nanofluid is prepared by mixing nanoparticle in a base fluid under proper
mixing and non-sedimentation condition. Clustering is a major problem during this
process. To resolve this clustering, there are two techniques that are used, namely
one-step method and two-step method. In this process, nanoparticles are simulta-
neously formed with reduced agglomeration and uniformly dispersed throughout
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Fig. 2 Magnetic stirrer

Fig. 3 Ultrasonic cleaner

the base fluid, with stable suspension. The shortcoming of this process is that one
cannot assure the purity of the nanofluid from this method. It is also hard to make
nanofluids of our required size and concentration. This method is used for nanofluid
synthesis using commercially available nanoparticles. Nanoparticles are dispersed
intensively and with reduced particle agglomeration by using ultrasonic equipment
and magnetic stirrer, into water as shown in Fig. 2. The ultrasonic cleaner equipment
used in two-step method for this research work is shown in Fig. 3 .

3 Experimental Setup

The experimental system consists of data logger (Agilent 34972A LXI Data Acqui-
sition system), test section, cooling tank, reservoir and a flow controlling system
(Rotometer) as shown in Fig. 4. A 20 L reservoir tank with drain valve was used to
store nanofluid. The geometrical parameter of test section uses a copper tube which
was 1.3 m length, 9 mm inner diameter and 12 mm outer diameter with 1.5 mm tube
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Fig. 4 Experimental setup run by nanofluid

wall thickness. Nanofluid flows inside the copper tube. The tubewas initially covered
by mica sheet. It is wounded by nichrome (Nickel + Chromium) heating coil over
the surface of mica sheet. It is heated by electrical heating which maintains constant
wall temperature boundary condition. Copper tube is divided into five sections. Each
section is covered with mica sheet and heating coil. Each section is connected by
connecting legs.

Six J-type thermocouples are fitted on the copper tube, equally distributed between
two consecutive sections for measuring tubewall temperature. Copper tube is electri-
cally insulated by ceramic wool blanket which is thermally insulated. After covering
the tube with ceramic wool, it was wounded by the asbestos rope of 6 mm. Again
asbestos rope of 12 mm was wounded tightly on the copper tube to reduce heat loss.
To measure the inlet and outlet temperatures of fluid, two (J-type) thermocouples
were inserted at the inlet and outlet flow regions of the test tube.

Nanofluid is prepared and stored at the reservoir tank. When the motor pump
and electrical heating system get started, the tube wall temperature gets increased.
Nanofluid is pumped through the copper tube. Tube wall temperature is maintained,
and the current is controlled by an autotransformer. The experimental observations
were noted for different voltages at a particular concentration of 0.2%. A total of
six thermocouples are connected to a data logger nodal, which is coupled with the
system. Each and every run, inlet, outlet and tube wall temperatures were noted. Left
end of the test tube sectionwas connected to cooling tank, and the loop is continued to
the reservoir which has submersible pump inside. A flow control system (Rotameter)
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was introduced between the cooling tank and test section. In the Rotameter, knob is
adjusted for maintaining the different mass flow rates (60 LPH, 75LPH & 90LPH).
This procedure is repeated by changing the coil temperature using autotransformer
& surface temperature and fluid inlet & outlet temperature were noted. The above
experiment is conducted for different mass flow rates (60 LPH, 75LPH & 90 LPH),
different wall temperature and different voltage for the particle volume concentration
(ϕ = 0.05%), and the results were tabulated.

3.1 Analysis of Data

Density, viscosity, specific heat and thermal conductivity of nanofluid were deter-
mined based on the below correlations.

Density of nanofluid,

ρn f = ϕρp + (1 − ϕ)ρb f (1)

Specific heat of nanofluid,

(ρCp)n f = ϕ(ρCp)p + (1 − ϕ)(ρCp)b f (2)

Cpn f = (ρCp)n f /ρn f (3)

Absolute viscosity of nanofluid,

μn f

μb f
= 1

1 − 24.375d−0.264ϕ1.028
(4)

Thermal conductivity of the nanofluid,

kn f
kbf

= 1 + 4.4Re0.4p Pr0.66b f (
T

T f r
)10(

kp
kbf

)0.03ϕ0.66 (5)

Rep is the Reynolds number referred to the nanoparticle diameter, and it is defined
as:

Rep = 2ρb f kbT

πμ2
b f d

(6)

After calculating every value required for the Prandtl number, and Reynolds
number is calculated as follows:

Prandtl number, Prn f = (
μn f Cpn f

)
/kn f (7)
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Reynolds number, Ren f = (
ρn f V D

)
/μn f (8)

For calculating Nusselt number of forced turbulent flow of nanoparticle inside the
circular cross-sectional tube, Dittus-Boelter equation was used as it is independent
of thermal boundary, and properties are evaluated at bulk mean temperatures.

According to the Dittus-Boelter equation,

Nu = 0.023Re0.8Pr0.4 (9)

Valid for,

0.6 < Pr < 100, 2500 < Re < 1.25 ∗ 106,L/D > 60

After finding the Nusselt number,
Heat transfer coefficient,

h = (NunfKnf)/D (10)

Heat transfer rate is calculated as follows:

Q = hA(Tw − Tb) (11)

where
Average wall temperature,

Tw = (T1 + T2 + T3 + T4)/8 (12)

Bulk mean temperature.

Tb = (Tin + Tout)/2 (13)

4 Result and Discussion

4.1 Compare the Experimental Result of Base Fluid (Pure
Distilled Water) and Nanofluid (AL2O3 + H2O)

In parliamentary law to demonstrate reliability and accuracy of experimental
measurement, some tests were done with pure distilled water, and the test result
was compared with the nanofluid. The experiment was conducted with constant
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Fig. 5 Variation of experimental Nusselt number (Nu) with wall temperature (Tw) at varying mass
flow rate

percentage of nanoparticle compared with pure base water for turbulent flow under
constant wall temperature conditions.

Figure 5 shows the experimentalNusselt number of base fluid (H2O) and nanofluid
(Al2O3/H2O) with the wall temperature at different mass flow rates (60LPH, 75LPH
& 90LPH). It is found that high Nusselt number is attained at a 90 LPH mass flow
rate at both the fluids. The result indicated that the Nusselt number of base fluid at
60 LPH, 75LPH mass flow rates are 16%, 18% lower to that at 90 LPH at all wall
temperatures. From the graph showed the Nusselt number of nanofluid (AL2O3 +
H2O) for particular concentration (ϕ = 0.05%) is 12% lesser than the base fluid
(H2O) at all mass flow rate

From our experiment observation, we noticed that Nusselt number increases with
the increase in mass flow rate and wall temperature.

Figure 6 shows the experimental heat transfer coefficient of base fluid and
nanofluid versus wall temperature at different mass flow rate (60LPH, 75LPH &
90LPH); the coefficient of heat transfer increases with increasing the wall tempera-
ture. The coefficient of heat transfer values 2867.15 W/m2K and 3197.94 W/m2K,
achieved at 90 LPH, is the maximum in base fluid and nanofluid, respectively. At
60 LPH, the minimum value of 1966.62 W/m2K and 2020.56 W/m2K was obtained
at wall temperature 42.08°C for base fluid and nanofluid, respectively. In this result,
the mass flow rate of base fluid at 60 LPH and 75LPH is 16% and 13% lower than
the 90 LPH at all wall temperature, respectively.

In the present investigation, the concentration of nanoparticle (AL2O3) is 0.05%
dispersed in the base fluid (H2O) are used to examine the heat transfer performance of
heat exchanger application. FromFig. 7. The graph shows an increase of heat transfer
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Fig. 6 Variation of experimental heat transfer coefficient (h) with wall temperature (Tw) at varying
mass flow rate

at an increase of wall temperature and mass flow rate of fluid. Maximum value of
heat transfer was achieved at 90 LPH, and a minimum value of it was observed at
60 LPH of both the conditions. Their values are 1085.02 W and 335.86 W at low
for all temperature. Max heat transfer achieved at 90 LPH was 1571.30 W and the
minimumvalue of 568.68Wwas achieved at 60 LPH.Al2O3 nanofluid hasmaximum
heat transfer than the water at 90 LPH.

The above graph shows the variation of Reynolds number with respect to wall
temperature for different mass flow rates. When the wall temperature gets increased,
dynamic viscosity gets decreased. This in turn increases the Reynolds number.
MaximumReynolds number (5660.63)was achieved at 90LPHwhen the temperature
was 52.875 °C.

From Fig. 8. when the temperature of the wall is increased, dynamic viscosity of
nanofluid is decreased. Due to decrease in the dynamic viscosity, Reynolds number
gets increased. Maximum Reynolds number (5996.427) was achieved at 90 LPH at
60.66 °C and minimum value of 3252.87 was noted at 60 LPH at 44.24 °C.

5 Conclusion

The experimental study investigated the heat transfer through convection of
Al2O3/H2O nanofluid when passed through a circular tube in a turbulent flow at
different mass flow rates. Mass flow rates and thermal conductivity play a significant
role in enhancing the heat transfer of the nanofluid.
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Fig. 8 Variation of experimental Reynolds number (Re) with wall temperature (Tw) at different
mass flow rate

The results show that the coefficient of heat transfer of the nanofluids increases
with an increase in thermal conductivity and mass flow rate. It is concluded that the
sole reason of increase in heat transfer rate is not due to usage of a mere nanofluid.
Factors of dispersion of nanoparticles in the base fluid, chaoticmovement of nanopar-
ticles, fluctuations of nanoparticles and its interactions, especially in high Reynolds
number may cause a flow structure change, which in turn leads to an increase in
heat transfer. The work describes the nanoparticles suspended in the water at 0.05%
volume fraction for three different mass flow rates (60 LPH, 75 LPH and 90 LPH)
with varying wall temperature. The coefficient of heat transfer and also the Nusselt
number gets increased with an increase in mass flow rate. The highest value of
coefficient of heat transfer and heat transfer was observed at 90 LPH.

At 60 LPH,
The coefficient of heat transfer, thermal conductivity and heat transfer of the

nanofluid when compared to distilled water increased by 9.3%, 9.04% and 29.9%,
respectively.

At 75 LPH,
The coefficient of heat transfer, thermal conductivity and heat transfer of the

nanofluid when compared to distilled water increased by 9.87%, 21.1% and 28.2%,
respectively.

At 90 LPH,
The coefficient of heat transfer, thermal conductivity and heat transfer of the

nanofluid when compared to distilled water increased by 10.34%, 21.22% and
30.94%, respectively.
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Modelling the Factors of Buying
Behaviour of Paint Products

M. Suresh and S. Bala Yogesh

Abstract Purchasing paint for domestic use has become a difficult decision making
problem. Customers need to visit dealer shops exclusively for purchase of the paint
products has become mandatory. There are various factors that will influence the
customers’ decision on choosing a particular dealer shop over the others. The
customers who visit the dealer shops are predominantly painters and a few direct
consumers. This paper primarily focus upon identifying the key factors that will
influence paint buying behaviour in dealer shops. In this paper, a conceptual model
has been developed using Interpretive Structural Modelling (ISM) approach. This
study results indicate product variance is the key influencing factor, followed by
compatible price and product reliability for the purchase decision of paint products
by customers.

Keywords Buying behaviour · Purchase · Customer satisfaction · Products
buying · Consumer behaviour · Interpretive structural modelling

1 Introduction

Paint products have become one of the major commodity product in our country.
There are huge infrastructural changes happening in our country which indirectly
will increase the paint consumption. The average paint consumption has increased
considerably inrecent times. Themarket size of the paint industry in India is estimated
to be around 350 billion. It is predicted that there will be 9–10% growth in the paint
industry over the next 5 years [1].Most of the paint purchasing happens only at dealer
shops. It is difficult to convert this into online or e-commerce sector because for a
particular shade having thousand colours, that influence purchasing experience. The
consumers and painters visit the shop individually or together for the purchase of the
paint. Thus, it makes a challenging task for the dealers to satisfy their need. Many
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of the paint retail shops have different brands of paints in their own stores. But, only
few shops have the exclusive dealership.

Many researchers studied the customers’ buying behaviour in many fields, but
very few researchers focused on the purchasing behaviour of paint products. The
urge for the basic crux of this paper is based on the benefits that a dealer shop can
reap upon choosing the right factors. This study identifies the factors that play a
major role in influencing the purchase behaviour of the customers on paint products
and a framework is prepared with the help of ISM approach.

2 Literature Review

Most of the companies have now started analyzing the buying behavior of their
customer, and use it as a competitive tool in themarket to stand apart from its competi-
tors [2] analyzed the customer’s experience have influenced by the smart phone
purchase [3] identified how company behaviour can affect the buying behaviour of
the customer.Whereas [4] studied various dimensions in offering the service that can
influence the health care industry [5] analyzed the relationship between the customer
dissatisfaction and buying a product [6] studied customers green purchase behaviour
and the effect of customer perceived green wash fear [7] developed a customer
satisfaction index for American customer from which the buying behavior could be
identified [8] developed a customer satisfaction index system of express mail service.

3 Research Methodology

The paper focuses primarily on identifying the key factors that are influencing the
customers’ paint purchase behavior. Various factors that influence customer buying
behavior are identified through literature review and experts opinion. The identified
factors are shortlisted with the help of experts based on customer buying behavior
in the paint dealer shop environment. The experts are sales representatives, service
staffs, dealer shopmanagers, regular customers of selected paint dealer shops located
in Tamil Nadu, India.

ISM method involves the following steps:

(1) Identification of factors that will affect the customer buying behaviour in dealer
shops environment (Table 1).

(2) Self Structural InteractionMatrix (SSIM): It is prepared based on the contextual
relationship between the pair of factors [9–12] and it’s shown below:
Example: Relationship between the factors m and n ?
Option-1: V: m influences n.
Option-2: A: n influences m.
Option-3: X: mutual relationship between m and n.
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Table 1 Identified factors for consumer buying behaviour in paint dealer shop

Factors Definition References / expert opinion

Product variance (H1) The variety of products available of
various types

[23]

Service quality (H2) The quality of service being delivered
at service scape

[24, 25]

Perceived quality (H3) The assumed quality of service is
attained

[26]

Perceived value (H4) The customer expects a set of value for
the product

[26]

Brand image (H5) The brand picture that springs up to
mentioning of a firm’s name

[27]

Compatible price (H6) The ideal price fixed for a particular
product

Expert Opinion

Store environment (H7) The environment created in the store in
order to improve customer satisfaction

[28]

Product reliability (H8) The trustiness created for a particular
product to make the sale

[29]

Customer value (H9) The value proposition for a particular
brand instilled in the customer’s mind

[30]

Customer loyalty (H10) Making returning customers with a
superior service

[31]

Option-4: O: no relationship between m and n.
SSIM is developed based on the consensus of the 25 experts’ opinions and it’s
shown in Table 2.

(3) Initial ReachabilityMatrix (IRM): It’s developed from SSIM [13–16]. The IRM
has been depicted in the Table 3.

Table 2 SSIM for consumer buying behaviour

Factors H1 H2 H3 H4 H5 H6 H7 H8 H9 H10

H1 1 O O O V V V V O O

H2 1 O A V O A O V V

H3 1 V X A O A O O

H4 1 V A O A O O

H5 1 O V A O O

H6 1 O O O V

H7 1 O V O

H8 1 O V

H9 1 V

H10 1
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Table 3 IRM for consumer buying behaviour

Factors H1 H2 H3 H4 H5 H6 H7 H8 H9 H10

H1 1 0 0 0 1 1 1 1 0 0

H2 0 1 0 0 1 0 0 0 1 1

H3 0 0 1 1 1 0 0 0 0 0

H4 0 1 0 1 1 0 0 0 0 0

H5 0 0 1 0 1 0 1 0 0 0

H6 0 0 1 1 0 1 0 0 0 1

H7 0 1 0 0 0 0 1 0 1 0

H8 0 0 1 1 1 0 0 1 0 1

H9 0 0 0 0 0 0 0 0 1 1

H10 0 0 0 0 0 0 0 0 0 1

Table 4 FRM for consumer buying behaviour

Factors H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Driving Power ↓
H1 1 1 1 1 1 1 1 1 1 1 10

H2 0 1 1 1 1 0 1 0 1 1 7

H3 0 1 1 1 1 0 1 0 1 1 7

H4 0 1 1 1 1 0 1 0 1 1 7

H5 0 1 1 1 1 0 1 0 1 1 7

H6 0 1 1 1 1 1 1 0 1 1 8

H7 0 1 1 1 1 0 1 0 1 1 7

H8 0 1 1 1 1 0 1 1 1 1 8

H9 0 0 0 0 0 0 0 0 1 1 2

H10 0 0 0 0 0 0 0 0 0 1 1

Dependence → 1 8 8 8 8 2 8 2 9 10

1 indicates transitive links

(4) Final Reachability Matrix (FRM): It’s developed from IRM through transitivity
analysis which follows that if F = G, G = H, then F = H [17–20]. The FRM
has been shown in Table 4.

(5) Partition of the FRM: The FRM is then partitioned into different levels [21, 22].
The ISM levels and MICMAC ranks are captured in Table 5.

4 Results and Discussions

The ISM digraph is obtained from the final FRM and it depicts in Fig. 1. The digraph
is a visual representation of the various relationships between the factors and the
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Table 5 ISM factors level and rank

Sl. No Factors Factors level Driving power/dependence MICMAC rank

1 Product variance (H1) 5 10 1

2 Service quality (H2) 3 0.875 3

3 Perceived quality (H3) 3 0.875 3

4 Perceived value (H4) 3 0.875 3

5 Brand image (H5) 3 0.875 3

6 Compatible price (H6) 4 4 2

7 Store environment (H7) 3 0.875 3

8 Product reliability (H8) 4 4 2

9 Customer value (H9) 2 0.222 4

10 Customer loyalty (H10) 1 0.1 5

F10

F9

F7 F5 F4 F3 F2 

F8 F6 

F1 

Fig. 1 ISM for the consumer buying behaviour factors

levels at which they are positioned. Top-level indicates level-1 and bottom level
indicates least level.

The MICMAC diagram shown in Fig. 2 and it depicts the categorization of the
various factors.
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Fig. 2 MICMAC analysis for environmental sustainability factors

Group I:

Autonomous factors: These factors have weak driving power and weak dependence
power [32, 33]. In this study, none of the factors associated with Group-I.

Group II:

Dependence factors: These factors have weak driving power and strong dependence
power [34]. In this group, we have two factors, Customer Value (H9), Customer
Loyalty (H10).

Group III:

Linkage factors: These factors have strong driving power as well as strong depen-
dence power [35, 36]. In this group, we have five factors, Service Quality (H2),
PerceivedQuality (H3), PerceivedValue (H4), Brand Image (H5), Store Environment
(H7).

Group IV:

Driving factors: These factors also called key or triggering factors. These factors have
strong driving power and weak dependence power [37, 38]. In this group, we have
three factors, Product variance (H1), Compatible price (H6) and Product reliability
(H8).

The MICMAC rank is calculated through driving power divided by dependence.
It is depicted in

Table 5. This rank 1 factor indicates highest priority and rank 5 indicates least
priority and appropriately given importance to the customer buying behaviour in
paint dealer shops.
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5 Conclusion

This paper discusses a comprehensive perspective on customer buying behavior at
a dealer paint shop. The factors identified in this study determine customer buying
behavior at a preliminary stage. The ISM approach enables us to understand the
complexities of the identified factors and gain a comprehensive overview of the
effects. The use of ISM in this study is very favorable because this framework not
only allows the classification of the results reached into different classifications but
also provides a deeper insight into the direct and indirect relationships between
different factors by answering the following research questions.

1. What are the influencing factors for buying paint products at a dealer shop?
2. How are they interdependent with each other?
3. Can we rank these factors?

This framework helps improve the performance of the paint dealer shop by
identifying key factors.

References

1. Rao R https://www.business-standard.com/content/b2b-chemicals/coatings-industry-paints-
big-picture-with-pick-up-in-rural-demand-113102100391_1.html. Accessed on 17 Feb 2017

2. Shin DH (2015) Effect of the customer experience on satisfaction with smartphones: Assessing
smart satisfaction index with partial least squares. Telecommunications Policy 39(8):627–641

3. Simon DH, DeVaro J (2006) Do the best companies to work for provide better customer
satisfaction? Manag Decis Econ 27(8):667–683

4. Raposo ML, Alves HM, Duarte PA (2009) Dimensions of service quality and satisfaction in
healthcare: a patient’s satisfaction index. Service Business 3(1):85–100

5. LuoMX,HomburgC (2007)Neglectedoutcomesof customer satisfaction. JMarket 71(2):133–
149

6. RejikumarG (2016)Antecedents ofGreenPurchaseBehaviour:AnExamination ofModerating
Role of Green Wash Fear. Global Business Review 17(2):332–350

7. Fornell C, Johnson MD, Anderson EW, Cha J, Bryant BE (1996) The American customer
satisfaction index: nature, purpose, and findings. Journal of Marketing 60(4):7–18

8. Liu HY, Jian LI, Ge YX (2006) Design of customer satisfaction measurement index system of
EMS service. J China Univ Posts Telecommun 13(1):109–113

9. Gayathri K, Suresh M (2018) Modelling the factors of agile practices in project management
a case of illumination project organization. Int J Eng Technol (UAE) 7(2.33):541–547.

10. Sankar H, Suresh M (2018) Modelling the factors of workplace spirituality in healthcare
organization. Int J Eng Technol (UAE) 7(2.33):786–790

11. Keerthanaa P, Suresh M (2018) Informal learning in work place: a case of caregivers. Int J Eng
Technol (UAE) 7(2.33):791–795

12. Gautham GR, Suresh M, Ranganathan R (2018) Factors affecting human performance in lathe
machine shop operations. Int J Eng Technol (UAE), 7(2.33):882–885

13. Keerthana S, Suresh M (2016) Drivers influencing lean practices in street food vending
process. In: 2016 IEEE InternationalConference onComputational Intelligence andComputing
Research (ICCIC) (pp 1–5) IEEE

14. Haresh B, SureshM, Ranganathan R (2018) Factors influencing success of new product launch:
a case of SME stationery industry in India. Int J Eng Technol (UAE) 7(2.33):902–906

https://www.business-standard.com/content/b2b-chemicals/coatings-industry-paints-big-picture-with-pick-up-in-rural-demand-113102100391_1.html


1266 M. Suresh and S. B. Yogesh

15. Jeevan S, Suresh M, Ranganathan R (2018) Risk factors influencing humanitarian operations:
a case of temple cart festival. Int J Eng Technol (UAE) 7(2.33):946–949

16. Aarthi N, Suresh M (2018) Factors influencing people to approach micro finance institutions
in India. Int J Eng Technol (UAE) 7(2.33):978–981

17. Amrita VV, Suresh M (2016) Factors influencing lean practices in Super market services using
interpretive structural modeling. In: 2016 IEEE International Conference on Computational
Intelligence and Computing Research (ICCIC) (pp 1–5). IEEE

18. Renganath K, Suresh M (2016) Analyzing the drivers for safety practices using interpre-
tive structural modeling: A case of Indian manufacturing firms. In: 2016 IEEE International
Conference on Computational Intelligence and Computing Research (ICCIC) (pp 1–6). IEEE

19. Abinaya R, Suresh M (2016) Analyzing the drivers for lean practices of commercial
banking using interpretive structural modelling. In: 2016 IEEE International Conference on
Computational Intelligence and Computing Research (ICCIC) (pp 1–4). IEEE

20. Patri R, Suresh M (2018) Factors influencing lean implementation in healthcare organizations:
an ISM approach. International Journal of Healthcare Management 11(1):25–37

21. Venkatesh AB, Suresh M (2016) Factors influencing Indian tourism promotion in social
media. In: 2016 IEEE International Conference on Computational Intelligence and Computing
Research (ICCIC) (pp 1–5). IEEE

22. Sudharsan TM, Suresh M (2016) Factors influencing purchase decision of solar lanterns by
street vendors. In: 2016 IEEE International Conference on Computational Intelligence and
Computing Research (ICCIC) (pp 1–4). IEEE

23. Simonson I, Winer RS (1992) The influence of purchase quantity and display format on
consumer preference for variety. Journal of Consumer Research 19(1):133–138

24. Deng WJ, Yeh ML, Sung ML (2013) A customer satisfaction index model for international
tourist hotels: Integrating consumption emotions into the American Customer Satisfaction
Index. International Journal of Hospitality Management 35:133–140

25. Suresh M, Mahadevan G, Abhishek RD (2019a) Modelling the factors influencing the service
quality in supermarkets. Int J Syst Assurance Eng Manag 1-13. https://doi.org/10.1007/s13
198-019-00897-4.

26. Ayraktar E, Tatoglu E, Turkyilmaz A, Delen D, Zaim S (2012) Measuring the efficiency
of customer satisfaction and loyalty for mobile phone brands with DEA. Expert Syst Appl
39(1):99–106

27. Park CW, Jaworski BJ, MacInnis DJ (1986) Strategic brand concept-image management.
Journal of Marketing 50(4):135–145

28. Mohan G, Sivakumaran B, Sharma P (2013) Impact of store environment on impulse buying
behavior. Eur J Mark 47(10):1711–1732

29. KelleyCA (1988)An investigation of consumer productwarranties asmarket signals of product
reliability. J Acad Mark Sci 16(2):72–78

30. Anderson JC, Narus JA (1998) Business marketing: understand what customers value. Harvard
Business Review 76:53–67

31. Oly Ndubisi N (2007) Relationship marketing and customer loyalty. Marketing Intelligence &
Planning 25(1):98–106

32. Patri R, Suresh M (2017) Modelling the enablers of agile performance in healthcare
organization: A TISM approach. Global J Flexible Syst Manage 18(3):251–272

33. Suresh M, Ganesh S, Raman R (2019) Modelling the factors of agility of humanitarian
operations. Int J Agile Syst Manage 12(2):108–123

34. Patil M, Suresh M (2019) Modelling the enablers of workforce agility in IoT projects: a TISM
approach. Global J Flexible Syst Manage 20(2):157–175

35. Miruthu Bashini R, Suresh M (2018) Modelling the ergonomics factors affecting the work
system in hospital: An ISM approach. International Journal of Pure and Applied Mathematics
119(7):183–198

36. Vaishnavi V, Suresh M, Dutta P (2019a) A study on the influence of factors associated with
organizational readiness for change in healthcare organizations using TISM. Benchmarking:
An Int J 26(4):1290–1313

https://doi.org/10.1007/s13198-019-00897-4


Modelling the Factors of Buying Behaviour of Paint Products 1267

37. Shiyam Sundar T, Suresh M, Raghu Raman R (2018) Modelling the ergonomics factors
affecting the work system in hospital: An ISM approach. Int J Pure Appl Math 119(7):107–125

38. Vaishnavi V, SureshM,Dutta P (2019b)Modelling the readiness factors for agility in healthcare
organization: a TISM approach. Benchmarking: An Int J 26(7):2372–2400


	Preface
	Contents
	About the Editors
	 Effect of Ultraviolet (UV) Radiation on Mechanical Behavior of Bi-directional Carbon Fabric Reinforced Epoxy Composites Impregnated with Fly Ash Cenosphere Particles
	1 Introduction
	2 Materials and Methods
	2.1 Fabrication
	2.2 Weathering Test: UV Radiation Exposure Studies
	2.3 Flexural Behavior
	2.4 Impact Strength

	3 Result and Discussion
	3.1 UV Radiation Absorption
	3.2 Density
	3.3 Hardness
	3.4 Flexural Behavior
	3.5 Impact Strength

	4 Conclusions
	References

	 Performance Analysis of CO2 Heat Pump for Milk Pasteurization Application
	1 Introduction
	2 Methodology
	2.1 Pasteurization
	2.2 Vapour Compression System

	3 Mathematical Modelling of Equation
	4 Analysis
	5 Result and Discussion
	6 Conclusion
	References

	 Applications of Additive Manufacturing—A Review
	1 Introduction
	2 3D Printing Technologies
	2.1 Fused Deposition Modeling (FDM)
	2.2 Stereo Lithography (SLA)
	2.3 Selective Laser Sintering (SLS)

	3 3D Printing of Polymer Matrix Composites
	3.1 Particle-Reinforced Polymer Composite
	3.2 Fiber-Reinforced Polymer Composites
	3.3 Nanocomposites

	4 Biomedical Application
	4.1 Electronics
	4.2 Aerospace Applications

	5 Results and Conclusion
	References

	 Review on Recent Additive Manufacturing Technologies
	1 Introduction
	2 Ceramic Matrix Composites for Additive Manufacturing
	2.1 Robocasting
	2.2 3D Printing
	2.3 Selective Laser Sintering (SLS)
	2.4 Laminated Object Manufacturing (LOM)
	2.5 Stereolithography (SLA)

	3 Results and Conclusion
	References 

	 Studies on Electric Discharge Machining of AA6063 Alloy Using Taguchi Approach
	1 Introduction
	2 Materials and Method
	3 Results and Discussions
	3.1 Material Removal Rate
	3.2 Tool Wear Rate
	3.3 Surface Roughness
	3.4 Optimization
	3.5 Optical Microscope

	4 Conclusion
	References

	 Design and Analysis of 2D Steady Flow Over an Underwater Vehicle with Different Cavitators
	1 Introduction
	2 Literature Review
	3 Methodology
	4 Results and Discussion
	4.1 Modeling
	4.2 Meshing
	4.3 Analysis of Projectile (Cone and Disk Cavitators)

	5 Conclusion
	References 

	 Investigation of Drying Rate in Moringa Leaves Under Periodic and Continuous Airflow in Vacuum Condition
	1 Introduction
	2 Materials and Methods
	2.1 Materials
	2.2 Sample Preparation
	2.3 Design and Development of Experimental Device
	2.4 Methods

	3 Result and Discussion
	3.1 Effect of Temperature at 0.9 and 0.8 bar
	3.2 Effect of Periodic Flow and Continuous Flow in Evaporation Rate

	4 Conclusion
	References

	 Patient Medicine Reminder System
	1 Introduction
	2 Materials and Methods
	2.1 Experimentation
	2.2 Description
	2.3 Eclipse
	2.4 Unified Learning Kit-Control Panel
	2.5 Texas Omap3530 Processor
	2.6 Interfaces in UTLP
	2.7 Liquid Crystal Display Based on Character
	2.8 Implementation and Methodologies

	3 Results and Discussions
	4 Conclusions
	References

	 Audio Signal Processing for Cochlear Implants
	1 Introduction
	2 Cochlear Implants (CIs)
	2.1 Internal Components
	2.2 External Components

	3 Experiment and Results
	4 Conclusion
	References

	 Investigation of Hybrid Concrete Using Steel and Polypropylene Fibres
	1 Introduction
	2 Objective
	3 Test Specimens
	3.1 Cube Specimen
	3.2 Cylinder Specimen
	3.3 Beam Specimen
	3.4 Mix Proportion

	4 Concrete Ingredients
	4.1 Cement
	4.2 Fine Aggregate
	4.3 Coarse Aggregate
	4.4 Water
	4.5 Steel Fibre
	4.6 Polypropylene Fibre

	5 Tests Performed
	5.1 Compression Test
	5.2 Split Tensile Test
	5.3 Flexural Strength

	6 Test Results
	6.1 Compressive Strength
	6.2 Split Tensile Test
	6.3 Flexural Strength

	7 Conclusion
	References

	 Experimental Investigation on Geopolymer Bricks
	1 Introduction
	1.1 Geopolymer
	1.2 Development of Geopolymer Bricks

	2 Objectives
	3 Materials Required
	3.1 Clay Soil
	3.2 Fly Ash
	3.3 Water
	3.4 Sodium Hydroxide
	3.5 Sodium Silicate

	4 Mix Design and Proportioning
	4.1 Preparation of Alkaline Solution
	4.2 Mix Proportioning and Material Quantity

	5 Mixing, Casting and Curing
	6 Tests and Results
	6.1 Compressive Strength Test
	6.2 Water Absorption Test
	6.3 Efflorescence Test
	6.4 Dimension Test

	7 Conclusion
	References

	 Optimization of Mechanical Behaviors of Boiled Egg shell Particulate-banana fiber Reinforced Polyester Composites
	1 Introduction
	2 Experimental Procedure
	2.1 Materials and Methods
	2.2 Mechanical Testing
	2.3 Regression Modeling and Optimization

	3 Result and Discussion
	3.1 Genetic Algorithm

	4 Conclusion
	References

	 Particle Swarm Optimization Tuned Fuzzy Controller for Vibration Control of Active Suspension System
	1 Introduction
	2 System Modeling
	3 Controller Design
	3.1 Fuzzy Logic Controller
	3.2 PSO Tuned Fuzzy Logic Controller

	4 Simulation
	5 Conclusions
	References

	 Additive Manufacturing Parameter Optimization with Automated Post-printing Flaw Detection Using Convolutional Neural Networks
	1 Introduction
	2 Methodology
	2.1 Local Receptive Fields
	2.2 Shared Weights and Biases
	2.3 Pooling Layers
	2.4 CNN Architecture of the model

	3 Result and Discussion
	4 Conclusion
	References

	 Design and Fabrication of 3D-Printed Acrylonitrile Butadiene Styrene (ABS) Dam Automation Structure with Integrated Flood Monitoring System Using Data Analysis and Computation Techniques
	1 Introduction
	2 Literature Survey
	3 Methodology
	3.1 Conceptual Design

	4 Experimental Setup
	4.1 Mechanism for Shutter Control
	4.2 Implementation of IoT and Data Analysis

	5 Conclusions
	References

	 Influence of Human Hair Fibre, Geogrid and PVC Grid on the Performance of CBR of Clayey Soil
	1 Introduction
	2 Material Tests
	2.1 Soil
	2.2 Natural and Synthetic Fibre

	3 Experimental Setup
	3.1 Strengthening by Human Hair
	3.2 Strengthening by Geogrid and PVC grid

	4 Results and Discussion
	5 Conclusion
	References

	 Optimizing Performance Characteristics of Blower for Combustion Process Using Taguchi Based Grey Relational Analysis
	1 Introduction
	2 Experimental Methods
	2.1 Experimentation
	2.2 Optimization Method—Taguchi-Based Grey Relational Analysis

	3 Results and Discussions
	3.1 S/N Ratio
	3.2 Analysis of Variance (ANOVA)
	3.3 GRG Validation

	4 Conclusions
	References

	 Optimization of Process Parameters in Disc Plate Using Thermo-structural Analysis
	1 Introduction
	2 Thermo-structural Analysis
	3 Fuzzy Logic Modelling
	4 Optimization Using Taguchi Method
	5 Results and Discussion
	5.1 Coupled Field Thermal and Structural Analysis
	5.2 Fuzzy Logic Modelling
	5.3 Taguchi’s Optimization Method

	6 Conclusions
	References

	 Implementing Biomimicric Owl Wing Pattern for Noise Reduction in Turbine Blade
	1 Introduction
	2 Materials and Methods
	2.1 Design Modification of Turbine Blade
	2.2 Statement of the Problem

	3 Results and Discussions
	3.1 Modal Analysis
	3.2 Harmonic Response Analysis
	3.3 Harmonic Acoustic Analysis

	4 Conclusions
	References

	 Modal Analysis of Profile Deck Sheets in Composite Structural System
	1 Introduction
	2 Literature Review
	3 Materials and Methods
	3.1 Profile Deck Sheet
	3.2 Finite Element Analysis
	3.3 Modal Analysis

	4 Results and Discussion
	5 Conclusion
	References

	 Experimental Investigation of Exhaust Emission Reduction in a CI Engine by Using Titanium Dioxide Nanoparticle-Blended Methyl-Esterified Neem Oil Biodiesel
	1 Introduction
	2 Materials and Methods
	2.1 Preparation of Biodiesel (Neem Oil Methyl Ester: NOME)
	2.2 Experimental Setup

	3 Results and Discussions
	3.1 Brake Thermal Efficiency
	3.2 Brake Specific Fuel Consumption
	3.3 Carbon Monoxide Emission (CO)
	3.4 Hydrocarbon Emission (HC)
	3.5 Nitrogen Oxide Emission (NO)

	4 Conclusions
	References

	 RFID-Based Real-Time Monitoring System for Drill Bit Manufacturing Process
	1 Introduction
	1.1 RFID Observance System
	1.2 RFID Technique and RFID Tag

	2 Materials and Methods
	2.1 EM-18 RFID Card Reader Module
	2.2 Literature Survey
	2.3 Implementation of RFID System

	3 Results and Discussions
	4 Conclusions
	References

	 Efficient Data-Secured Cryptography Using FRQI Algorithm
	1 Introduction
	2 Illustration of FRQI
	2.1 Approach of QKD

	3 Representation, Compression, and Preparation of Quantum Images
	3.1 FRQI
	3.2 Quantum Picture Planning

	4 Compression Ratio
	4.1 Framework Implementation

	5 Simulation Result
	6 Conclusion
	References

	 Studies on Influence of Reinforcement Characteristics on Mechanical Properties of Banana Fiber Nonwoven Composite Structures
	1 Introduction
	2 Experimental Details
	2.1 Materials
	2.2 Experimental Design
	2.3 Alkali Treatment for Surface Modification
	2.4 Needle Punching Process
	2.5 Mold Size
	2.6 Composite Fabrication

	3 Characterization
	3.1 Mechanical Testing

	4 Results and Discussions
	4.1 Analysis of Alkali Concentration on Composite Properties
	4.2 Analysis of Fiber Length on Composite Properties

	5 Conclusion
	References

	 Effect of Lateral Load on Response of Pile Foundation
	1 Introduction
	2 Model Using Solid Work
	3 Analysis Using Ansys
	3.1 Boundary Condition

	4 Validation of Model
	5 Result and Discussion
	5.1 Behavior of Long Piles Under Lateral Force
	5.2 Behavior of Short Piles Under Lateral Force

	6 Conclusion
	References

	 Investigation of Some Mechanical Properties of Cast Iron Coated with Chromium and Zirconia for Sliding Application
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	3.1 Hardness
	3.2 SEM Analysis

	4 Conclusion
	References

	 Performance Study of Low-Pressure Vertical Feedwater Heater with SS304 as the Tube Material
	1 Introduction
	2 Zones in Feedwater Heater
	3 Case History of the Previous Failures
	3.1 Causes of Tube Failure
	3.2 Effects of Tube Failure in the Heater

	4 Performance Analysis of the Feedwater Heater
	4.1 Calculation of Actual Performance Parameters
	4.2 Calculation of Design Values of Performance Parameters

	5 Consequences and Discussion
	References

	 Behaviour of Concrete Structure Subjected to Open Fire—State of Art
	1 Introduction
	2 Literature Review
	2.1 Lilly Grace Murali et al. (2014)
	2.2 J. Gopi Krishnan et al.
	2.3 Poorna Prasad Rao O. L. et al.
	2.4 Liu Ming et al. (2013)

	3 Conclusions
	References

	 Risk Assessment of Machining and Assembly Line in Automotive Industry
	1 Introduction
	2 Process
	2.1 Tool Description

	3 Methodology
	3.1 Hazard Identification
	3.2 Risk Assessment

	4 Control Measures
	5 Result and Discussion
	6 Conclusion
	References

	 Machining of Metal Matrix Composite Using Abrasive Water Jet Machine
	1 Introduction
	2 Experiment Details
	2.1 MMC Casting Procedures
	2.2 Microstructure
	2.3 Response Surface Methodology (RSM)
	2.4 Box–Behnken Design
	2.5 Level Input Parameter Using RSM

	3 Result and Discussion
	3.1 Response Surface Methodology
	3.2 Analysis of MRR for Al 7075 + 10% SiC
	3.3 Analysis of DoC for Al 7075 + 10%SiC
	3.4 Analysis of Surface Roughness for Al 7075 + 10% SiC

	4 Conclusion
	References

	 Design and Automation of Shell Facing Machine
	1 Introduction
	2 Problem Identification
	2.1 Product Description
	2.2 Shell Facing Preparation

	3 Existing Methodology
	3.1 Conventional Lathe for Shell Facing Operation
	3.2 Analyzing the Problems in Conventional Lathe

	4 Operational Analysis and Automation
	4.1 Automation in Conventional Lathe (Design Trial-1)
	4.2 Shell Facing Machine—New Design for Automation (Design Trial 2)

	5 Design Specification
	5.1 Design Specifications of Automated Machine

	6 Results and Discussions
	6.1 Production Improvements
	6.2 Manpower Reduction

	7 Conclusion
	References

	 Experimental Study of Electrochemical Micromachining on Titanium (Ti–6Al–4V) Alloy
	1 Introduction
	2 Experimental Setup
	3 Design of Experiments
	3.1 Design of Experiment for Ecmm
	3.2 Process Parameter and Its Level
	3.3 Selection of An Orthogonal Array

	4 Results and Discussions
	4.1 Inference from the Experiment
	4.2 Material Removal Rate
	4.3 Conicity

	5 Conclusion
	References

	 Simulation and Analysis with Material Optimization of Automobile Suspension Using Multi-body Dynamic
	1 Introduction
	2 Selection of Suspension System
	3 Geometric Modeling of Compact Car Suspension System
	3.1 Lateral Load Transfer
	3.2 Longitudinal Load Transfer

	4 Resolving Loads on Strut Mount in X-, Y- and Z-Axis
	4.1 Hard Points of Steering Knuckle

	5 Model Calculation
	6 Experimental Results
	6.1 Camper Versus Time
	6.2 Toe Versus Time
	6.3 Toe Response of Suspension System

	7 Conclusion
	References

	 Mathematical Analysis of Rectangular Reinforced Concrete Beam Externally Laminated with GFRP Sheet
	1 Introduction
	2 Glass Fiber Reinforced Polymer (GFRP)
	2.1 Fiber Disappointment
	2.2 Bond Disappointment

	3 Cementitious Matrix
	4 Shear Failure of Externally Bonded GFRP Wrapped
	5 Specimen Measurement
	6 Reinforcement Details
	7 Finite Element Modeling
	7.1 Introduction
	7.2 Concrete Demonstrating

	8 Externally Wrapping RC Beam with no GFRP
	9 Exterior RC Beam with and with no GFRP Wrapping
	10 Conclusion
	References

	 Effects of Drilling Process Parameters Using ANOVA and Graphical Methods
	1 Introduction
	2 Experimental and Measurement Process
	3 Results and Discussion
	4 Conclusions
	References

	 A Low-Cost Fabrication Approach of UV, VIS and NIR Dielectric Reflectors
	1 Introduction
	2 Materials and Methods
	3 Results and Discussions
	4 Conclusions
	References

	 Job Safety Analysis for Various Operations in Cement Industry Using Risk Assessment Matrix
	1 Introduction
	2 Materials and Methods
	2.1 Summary of the Cement Plant
	2.2 Methodology

	3 Result and Discussion
	4 Conclusion
	References

	 To Reduce the Setting Piece Rejection Rate in Gear Hobbing Process by Advanced Product Quality Planning
	1 Introduction
	2 Objective
	3 Problem Identification
	4 Solution
	5 Literature Review
	6 Experimental Work
	6.1 Hob Selection
	6.2 Gear Specifications
	6.3 Rejection Rate
	6.4 DPPM Six Sigma

	7 Result and Discussion
	7.1 Rejection Rate Comparison
	7.2 Six Sigma Comparison

	8 Conclusion
	References

	 Development of Linear Automation in Butt Joint Fixture to Enhance Welding Characteristics
	1 Introduction
	2 Objective
	3 Problem Identification
	4 Solution
	5 Literature Review
	6 Experimental Work
	7 Result and Discussion
	7.1 Average for Number Pieces Welded by Automation Process
	7.2 Average for Number of Pieces Welded by Manual Process

	8 Conclusion
	9 Future Scope
	References

	 Corrosion Behavior of Brass in Methanol-Gasoline Fuel Blends
	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	4 Conclusions
	References

	 Quantitative Risk Analysis Using HIRA in an Automotive Manufacturing Sector
	1 Introduction
	1.1 Machinery Safety

	2 Tool Description
	3 Methodology
	4 Hazard Identification
	4.1 Hazard Findings

	5 Risk Assessment
	5.1 Risk Ratings
	5.2 Risk Matrix

	6 Risk Control
	7 Result
	8 Conclusion and Discussion
	References

	 Thermal Analysis and Characterization of Catalytically Cracked Jatropha Bio-Oil
	1 Introduction
	2 Objective and Methodology
	3 Production and Catalyst
	3.1 Oil Extraction and Catalytic Reforming
	3.2 Catalytic Reactions
	3.3 Catalyst

	4 Characterization of Catalyst
	5 Characterization of Oil
	5.1 FTIR Testing

	6 Conclusion
	References

	 Dynamic Risk Assessment of an Ammonia Storage Tank Based on Bow-Tie and Bayesian Approaches
	1 Introduction
	2 Risk Analysis of Ammonia Storage Tank Based on a Bow-Tie
	2.1 Estimating the Failure Probabilities Using Bayesian Network
	2.2 Estimation of Prior Failure Probability Data
	2.3 Fault Tree Diagram
	2.4 Event Tree Diagram
	2.5 Bow-Tie Diagram
	2.6 Posterior (Updated) Failure Frequencies of Events
	2.7 Bayesian Network for the Ammonia Storage Tank Failure

	3 Results and Discussions
	4 Conclusions
	References

	 Risk Assessment Using Bow-Tie Tool in Cement Industry
	1 Introduction
	2 Methodology
	2.1 Process
	2.2 Tool Description
	2.3 Hazard Identification

	3 Results and Discussions
	3.1 Risk Score
	3.2 Risk Assessment
	3.3 Graph

	4 Conclusions
	References

	 A Novel Technique and Analysis for Efficient Opportunistic Routing in Mobile Ad Hoc Networks
	1 Introduction
	1.1 Wireless Networks
	1.2 Structure of Ad hoc Networks

	2 Research Methodology
	2.1 Research Methodology
	2.2 Proposed System

	3 Methodologies
	3.1 Procedure for Proposed Scheme

	4 Results and Discussion
	4.1 Performance Analysis

	5 Conclusion
	References

	 Harvesting of Electricity from Handloom Weaving Machine Coupled with Dynamo
	1 Introduction
	2 Literature Review
	3 Methodology
	4 Results and Discussion
	5 Conclusion
	References

	 Removal of Rain Particles from the Single Captured Image
	1 Introduction
	2 Literature Review
	3 Overview of Existing and Proposed Method
	3.1 Existing Method
	3.2 Drawbacks of Existing Technology
	3.3 Proposed System

	4 Result and Discussion
	5 Conclusions
	References

	 Effects of Chemical Curing on the Mechanical Properties of Mineral Admixtures Blended Concrete
	1 Introduction
	1.1 Mix Proportions
	1.2 Experimental Programs
	1.3 Compressive Strength of Concrete
	1.4 Flexural Strength of Concrete
	1.5 Split Tensile Strength of Concrete

	2 Results and Discussion
	2.1 Compressive Strength of Concrete
	2.2 Flexural Strength of Concrete

	3 Conclusions
	References

	 Emulator for Efficiency Enhancement of Heave Type Wave Energy Converter
	1 Introduction
	2 Non-Buoyant WEC
	3 Reactive Loading Control
	4 Emulator and Load Model
	5 Hardware Implementation
	6 Experimental Investigation in Emulator
	7 Results and Discussions
	8 Conclusion
	References

	 Characterization and Fabrication of ABS and PLA-Based Polymer Matrix Composites Using 3D Printing
	1 Introduction
	2 Materials and Methods
	2.1 Manufacturing Method
	2.2 Significance of Composite
	2.3 Methodology
	2.4 Matrix Materials

	3 Results and Discussions
	3.1 Flexural Test
	3.2 Tensile Test
	3.3 Hardness Test

	4 Conclusions
	References

	 An Investigation on Wear Process Parameter of Metal Matrix Composite Using Optimization Technique
	1 Introduction
	2 Experimental Procedure
	2.1 Optimization (Response Surface Methodology)

	3 Result and Discussion
	3.1 Contour Plot of Wear Rate (Akima’s Polynomial Method)
	3.2 Surface Plot of Wear Rate (Akima’s Polynomial Method)
	3.3 Residual Plots for Wear Rate

	4 Conclusion
	References

	 Experimental Investigation on Tribological Behaviour of Alumina Nano Particles Reinforced with Aluminium Alloy Composite Material
	1 Introduction
	2 Material and Methods
	2.1 Materials and Stir Casting
	2.2 Testing

	3 Result and Discussion
	3.1 Micro Structural Visualization
	3.2 Micro Hardness Values
	3.3 Tribological Behaviour

	4 Conclusion
	References

	 Comprehensive Study of Hydrogenated Diamond-Like Carbon Coated AISI 5140 Alloy Steel
	1 Introduction
	2 Materials and Methods
	2.1 Sample Preparation
	2.2 Deposition of Coating
	2.3 Characterizations
	2.4 Pin-On-Disc Test

	3 Results and Discussions
	3.1 Effect of Load on Friction Coefficient (Μ) and Specific Wear Rate (SWR)
	3.2 Effect of Sliding Velocity on Friction Coefficient (Μ) and Wear Rate
	3.3 Effect of Sliding Distance on Friction Coefficient (Μ) and Wear Rate
	3.4 Surface Analysis

	4 Conclusions
	References

	 Review on Thermal Energy Storage with Phase Change Materials and Its Applications
	1 Introduction
	2 Phase Change Materials
	2.1 Properties of PCMs
	2.2 Classification

	3 Heat Transfer Enhancement
	4 Applications
	4.1 Solar Water Heating Systems
	4.2 Solar Air Heating Systems
	4.3 Solar Cookers
	4.4 Buildings
	4.5 Off-Peak Electricity Storage
	4.6 Textiles
	4.7 Photovoltaic (PV)-Thermal
	4.8 Microelectronics

	5 Conclusion
	References

	 A Review on Passive Cooling Methods for Green Energy Buildings
	1 Introduction
	2 Classification of Passive Cooling Methods for Green Energy Buildings
	3 Passive Cooling Techniques
	3.1 Reducing Heat Gains
	3.2 Modifying Heat Gains
	3.3 Heat Dissipation Technique (Remove Internal Heat)

	4 Conclusion
	References

	 Enhancement of Soil Using Pyrolyzed Cocus nucifera Midrib Carbon
	1 Introduction
	2 Materials and Methods
	2.1 Soil Sample
	2.2 Pyrolyzed Cocus nucifera Midrib Carbon (PCMC)
	2.3 Experimental Work

	3 Results and Discussion
	3.1 Specific Gravity
	3.2 Sieve Analysis
	3.3 Atterberg Limit

	4 Conclusion
	References

	 Experimental Studies on Milling Parameters for Al6061 Hybrid Metal Matrix Composite
	1 Introduction
	2 Materials and Methods
	2.1 Materials
	2.2 Stir Casting
	2.3 Optical Microscopic Test
	2.4 Machining
	2.5 Milling Tool Force Measurement
	2.6 Design of Experiment

	3 Result and Analysis
	3.1 Macroscopic Structure
	3.2 Milling Tool Cutting Forces Analysis

	4 Conclusion
	References

	 Experimental Studies on Mechanical Behaviour of Polylactide (PLA) Matrix—Aluminium Oxide (Al2O3) Particles Reinforced Composites
	1 Introduction
	2 Materials and Methods
	3 Results and Discussions
	4 Conclusions
	References

	 The Effect of Mg and Mn Addition on Hardness, Tensile and Wear Properties of LM6 Aluminum Alloy
	1 Introduction
	2 Experimental Details
	3 Results and Discussion
	3.1 Hardness Test
	3.2 Tensile Test
	3.3 Wear Test

	4 Conclusion
	References

	 Investigation of Geopolymer Concrete with Ceramic Waste as a Partial Replacement of Coarse Aggregate
	1 Introduction
	1.1 Geopolymer Concrete
	1.2 Application of Geopolymer
	1.3 Ceramaic Waste

	2 Experimental Investigation
	2.1 Materials
	2.2 Properties of Ingredients
	2.3 Mix Proportions

	3 Testing of Specimens
	4 Results and Discussion
	4.1 Compressive Strength

	5 Conclusions
	References

	 Numerical Investigation on Cold-Formed Steel Web Stiffened Lipped Channel Columns Subjected to Local-Distortional Interaction Mode Buckling
	1 Introduction
	2 Methodology
	2.1 Column Geometry
	2.2 Finite Element Modelling

	3 Results and Discussions
	3.1 Post-Buckling Analysis
	3.2 Direct Strength Method

	4 Conclusions
	References

	 Experimental Investigations on Mechanical Properties and Morphological Analysis of Carbon Steel Grade III Leaf Spring Steel
	1 Introduction
	2 Materials and Methods
	3 Result and Discussion
	4 Conclusions
	References

	 Degassing of Aluminum Metals and Its Alloys in Non-ferrous Foundry
	1 Introduction
	2 Experimentation and Results
	3 Results and Conclusion
	References

	 Design and Fabrication of Hybrid Mobility Scooter
	1 Introduction
	2 Objectives
	3 Components Used
	3.1 Chassis
	3.2 BLDC Motor
	3.3 Lead–Acid Battery
	3.4 Controller
	3.5 Solar Panel
	3.6 Accelerator
	3.7 Solar Panel Mounts
	3.8 Driving Wheel and Balancing Wheels
	3.9 Suspension

	4 Fabrication Methodology and Material Selection
	4.1 Fabrication Methodology
	4.2 Selection of Materials

	5 Parts Fabricated
	5.1 Chassis
	5.2 Solar Panel Mounts
	5.3 Housing Unit
	5.4 Storage Bay
	5.5 Handle Bar

	6 Working Principle
	7 Applications
	8 Conclusion
	References

	 Optimization of Process Parameters to Reduce the Green Sand Casting Defects
	1 Introduction
	2 Methodology and Experimentation
	2.1 Quality Characteristics
	2.2 Experiment Results and S/N Ratios

	3 Conclusion
	References

	 Optimization of Welding Parameters in CMT Welding of Al 5083
	1 Introduction
	2 Materials and Methods
	2.1 Experimentation
	2.2 TOPSIS

	3 Result and Discussion
	3.1 Optimization Technique
	3.2 Confirmation Test
	3.3 Anova
	3.4 Metallurgical Aspects of the Optimized Weld

	4 Conclusions
	References

	 Effect of Cyclic Annealing on the Grain Size of Low-Carbon Steel: An Image-Processing Approach
	1 Introduction
	2 Cyclic Annealing
	3 Proposed Methodology
	3.1 Otsu Method
	3.2 Canny Edge Detection

	4 Results and Discussion
	4.1 Microstructure Variation
	4.2 Grain Size Measurement by Image Processing
	4.3 Comparison of Results

	5 Conclusion
	References

	 Assessment of Start-Up Agility Using Multi-grade Fuzzy and Importance Performance Analysis
	1 Introduction
	2 Literature Review
	3 Conceptual Model for Assessing Start-Up Agility
	4 Research Methodology
	5 Case Study
	5.1 About Case Company
	5.2 Assessment of Agility Using Fuzzy Logic
	5.3 Classification of Agile Attributes Using IPA

	6 Results and Discussions
	6.1 Improvement Proposal for the Weaker Attributes

	7 Managerial Implications
	8 Conclusion
	References

	 Design and Analysis of Pre-engineered Buildings Using Staad Pro
	1 Introduction
	2 Experimental Procedures Building
	2.1 Description Details
	2.2 Structural Drawings Using Staad Pro
	2.3 Design of Primary and Secondary Sections

	3 Results and Discussion
	3.1 Steel Takeoff

	4 Conclusion
	References

	 Effect of Compression Ratio on the Performance, Emission, and Combustion Characteristics of C.I. Engine Using Waste Cooking Oil and Its Emulsion as Fuel
	1 Introduction
	2 Materials and Methods
	2.1 Fuel Preparation
	2.2 Experimental Setup

	3 Result and Discussion
	3.1 Brake Specific Fuel Consumption (BSFC)
	3.2 Brake Thermal Efficiency (BTE)
	3.3 Unburned Hydrocarbon (UHC) Emission
	3.4 Smoke Emission
	3.5 Oxides of Nitrogen Emission (NOx)
	3.6 Heat Release Rate

	4 Conclusion
	References

	 Agile Practices in Human Resource Management
	1 Introduction
	2 Bridging and Integration
	3 Alignment Areas
	4 Talent Acquisition and Management
	5 Performance Appraisal
	6 Learning and Development
	7 Compensation
	8 Building High-Performance Team
	9 The Agile HRM Model
	10 Conclusion
	References

	 Assessment of Organizational Agility Using Multi-grade Fuzzy: A Case of Adhesives Manufacturing Organization
	1 Introduction
	2 Literature Review
	3 Conceptual Model for Assessing Organizational Agility
	4 Case Study
	4.1 Assessment of Agility Using  Multi-grade Fuzzy
	4.2 Importance Performance Analysis

	5 Results and Discussions
	5.1 Improvement Proposal for the Weaker Attributes

	6 Conclusion
	References

	 Advertising Media Selection Framework Using Fuzzy VIKOR Approach: A Case of New Insurance Product
	1 Introduction
	2 Literature Review
	3 Case Study
	4 Results and Discussions
	5 Conclusion
	References

	 Modelling the Factors of Store Environment on Impulse Buying Behavior Using TISM
	1 Introduction
	2 Literature Review
	2.1 Lighting in the Store Environment
	2.2 Layout of Products in the Store
	2.3 Music Played in the Background
	2.4 Merchandizing Display
	2.5 Temperature of the Store Environment
	2.6 Employee Friendliness
	2.7 Degree of Socialization Involved While Shopping
	2.8 Crowding of a Store
	2.9 Scent in the Store
	2.10 In-Store Promotional Activities

	3 Methodology
	4 Results and Discussions
	4.1 Interpretive Interaction of the TISM Model
	4.2 MICMAC Analysis of the Store Environment

	5 Conclusion
	References

	 Modelling the Factors of Environmental Sustainability in Healthcare Dispensaries
	1 Introduction
	2 Literature Review
	2.1 Literature Review on Environmental Sustainability
	2.2 Literature Review on ISM Approach

	3 Research Methodology
	4 Results and Discussions
	5 Conclusion
	References

	 Manufacturing Flexibility Assessment Using Multi-Grade Fuzzy: A Case of Garment Industry
	1 Introduction
	2 Literature Review
	3 Conceptual Model for Assessing Manufacturing Flexibility
	4 Research Methodology
	4.1 About Case Company
	4.2 Assessment of Flexibility Using Multi-grade Fuzzy
	4.3 Classification of Flexibility Attributes Using IPA

	5 Results and Discussions
	5.1 Improvement Proposal for the Weaker Attributes

	6 Managerial Implications
	7 Conclusion
	References

	 Leanness Assessment Using Multi-grade Fuzzy: A Case of Textile Manufacturing Company
	1 Introduction
	2 Literature Review
	3 Conceptual Model for Assessing Leanness
	4 Case Study
	4.1 Assessment of Leanness Using Multi-grade Fuzzy
	4.2 Classification of Lean Attributes Using IPA

	5 Results and Discussion
	5.1 Improvement Proposal for Weaker Attributes

	6 Conclusion
	References

	 Pairwise Nonparametric Model Analyzed Advanced ICT Skills and Adaption of E-Health Solution in India
	1 Introduction
	2 Objective of the Study
	3 Materials and Methods
	4 Results and Discussion
	5 Conclusions
	References

	 Modelling of Surface Roughness in Wire-EDM Using Response Surface Methodology Technique
	1 Introduction
	2 Experimentation
	3 Developing the Design Matrix
	4 Development of Mathematical Models
	4.1 Developing the Final Model

	5 Confirmation Experiments
	6 Effect of Working Parameters on the Surface Roughness
	7 Conclusion
	References

	 Experimental Investigation on Mechanical Properties of TIG Welded Dissimilar AISI 304L and AISI 316L Stainless Steel
	1 Introduction
	2 Welding Procedure Specifications
	3 Testing Methods
	3.1 Tensile Test
	3.2 Effect of Weld on Tensile Test
	3.3 Effect of Weld on Hardness Test

	4 Impact Test
	4.1 Effect of Weld on Impact Test

	5 Conclusions
	References

	 Modelling of Factors Influencing Saving Behaviour of Women in India: An Interpretive Structural Modelling
	1 Introduction
	2 Literature Review
	3 Methodology
	4 Results and Analysis
	5 MICMAC Analysis
	6 Conclusion
	References

	 Modelling the Factors of Job Stress in Audit Firms: A TISM Approach
	1 Introduction
	2 Literature Review
	3 Methodology
	4 Results and Discussions
	4.1 Interpretive Interaction of the TISM Model
	4.2 Matrix Impact Cross Multiplication Applied to Classification Analysis

	5 Managerial Implications
	6 Conclusion
	References

	 Performance Analysis of Flat-Plate Solar Collector Using Tungsten Trioxide Nanofluid
	1 Introduction
	2 Analysis of Energy and Exergy for Solar Collector
	2.1 Analysis of Energy
	2.2 Analysis of Exergy

	3 Preparation of Nanofluid and Experimentation
	3.1 WO3 Nanofluid Synthesis
	3.2 Experimentation

	4 Results and Discussions
	4.1 Thermal Efficiency Analysis for FPSC According to Concentration of WO3 Nanofluid
	4.2 Exergy Analysis for FPSC According to Concentration of WO3Nanofluid

	5 Conclusions
	References

	 Investigation on Characteristics of Stir-Casted Aluminum Matrix Composites—A Review
	1 Introduction
	1.1 Aluminum and Aluminum Matrix Composites
	1.2 Metal Matrix Composites (MMC)
	1.3 Aluminum Metal Matrix Composites (AMMCs)

	2 Materials and Methods
	2.1 Titanium
	2.2 Zinc
	2.3 Magnesium
	2.4 Silicon Carbide

	3 Conclusion
	References

	 Mechanical Behavior Investigation of Copper-Added A356 Alloy
	1 Introduction
	2 Experimental Procedure
	2.1 Experimentation

	3 Results and Discussion
	3.1 Optical Image Analysis
	3.2 Mechanical Testing Result

	4 Conclusions
	References

	 Review on Manufacturing and Development of Ni-Ti Shape Memory Alloys
	1 Introduction
	1.1 Properties of Nitinol
	1.2 Nickel–Titanium Ratio Significance

	2 Manufacturing of Nitinol
	2.1 Casting/melting Process
	2.2 Powder Metallurgy Process
	2.3 Additive Manufacturing Process

	3 Future Scope
	4 Summary
	References

	 Kinematic and Dynamic Modelling and PID Control of Three Degree-of-Freedom Robotic Arm
	1 Introduction
	2 Modelling and Control of a Manipulator
	2.1 Kinematic Modelling of the Robotic Arm
	2.2 Dynamic Modelling of the Robotic Arm
	2.3 Control of the Manipulator Joints

	3 Results and Discussion
	3.1 Forward Kinematics Using RoboAnalyzer
	3.2 Dynamics of Manipulators Using MATLAB
	3.3 Control of Manipulator Joint Using PID Controller

	4 Conclusion and Future Work
	References

	 Investigation on Normal Hard Turning of AISI 4340 Steel
	1 Introduction
	2 Experimental Details
	2.1 Work Material Specification
	2.2 Machine and Equipment’s Used
	2.3 Kistler Multicomponent Tool Dynamometer
	2.4 Cutting Tool

	3 Work Piece Preparation
	3.1 Hardening

	4 Process Variables and Their Limits
	4.1 Design of Experiment
	4.2 Turning Operation

	5 Results and Discussion
	5.1 Normal Hard Turning and Machining Force

	6 Conclusions
	References

	 Estimation of Thermo Oxidation on Chromel–Alumel Thermocouple
	1 Introduction
	2 Material
	3 Procedure
	3.1 Measurement Based on Temperature Gradient
	3.2 SEM/EDAX Sample Preparation

	4 Experimental Results
	5 Conclusion
	References

	 Experimental Investigation of Solar-Based Air Heater Rectangular Duct Having Uniform Spaced Dimple Shaped as Roughness Element on the Absorber Plate
	1 Introduction
	2 The Experimental Setup
	3 Results and Discussion
	4 Conclusion
	References

	 Investigation and Experimental Study on Microstructure and Characterization of Silicon Carbide Synthesized by High Energy Ball Milling
	1 Introduction
	2 Synthesis of SiC
	3 High Energy Ball Milling
	3.1 Principle

	4 Methodology
	5 Experimental Work
	5.1 Parameters for Milling Process
	5.2 Sample Collections

	6 X-Ray Diffraction (XRD)
	7 Transmission Electron Microscope (TEM)
	8 EDAX (Energy Dispersive X-Ray Spectroscopy)
	9 Conclusions
	References

	 Advanced Bidirectional Switches-Based Three-Phase to N-Phase High-Power Impedance Source Matrix Converter
	1 Introduction
	2 Ga-N-Based Bidirectional Switch Characteristics
	3 High-Power Ga-N 3 × 5 Impedance Source Matrix Converter
	4 Hardware Implementation and Output Discussion
	5 Conclusions
	References

	 Design Implementation and Evaluation of Password Protected Circuit Breaker for Reliable Power System Protection and Maintenance
	1 Introduction
	2 Components Requirements for Reliable Power System Protection
	2.1 IC16F877A Controller
	2.2 877A Baseboard
	2.3 Keypad (4 * 3)
	2.4 LCD Display
	2.5 Relay Board
	2.6 Power Supply Board
	2.7 Power Cord
	2.8 Insulation Tape
	2.9 Connecting Wires
	2.10 MikroC PRO
	2.11 Power Supply

	3 Working Password Protected Circuit Breaker for Reliable Power System Protection
	4 Result and Discussion
	5 Conclusion
	Annexure
	References

	 Surface Texturing in Piston Ring Cylinder Liner Pair for Friction Reduction: A Review
	1 Introduction
	2 Background
	2.1 Virtual Texturing
	2.2 Surface Texturing

	3 Modeling of Surface Texture
	3.1 Surface Texturing in Piston
	3.2 Surface Texturing in Cylinder Liner

	4 Result and Discussion
	4.1 Surface Texturing in Piston Ring
	4.2 Surface Texturing in Cylinder Liner

	5 Conclusion
	References

	 Mitigation of Frequency Variation Through Voltage Control in Islanded Microgrid
	1 Introduction
	2 Proposed Control Structure of an Electronically Interfaced DER with VFC
	3 Results and Discussion
	3.1 Load Measurements
	3.2 Three-Phase VSI Measurements
	3.3 AC Bus Measurements
	3.4 Frequency Measurements with and Without VFC Measurements
	3.5 Power Balance of Inverter, AC Bus and Load

	4 Conclusion
	References

	 Analyzing the Performance of CO2 Heat Pump for Mushroom Drying Application
	1 Introduction
	2 Methodology
	3 Numerical Analysis
	4 Result and Discussion
	5 Conclusion
	References

	 System Identification Using Adaptive Algorithms
	1 Introduction
	2 Materials and Methods
	2.1 System Identification
	2.2 Adaptive Algorithms
	2.3 Bilinear System

	3 Results and Discussions
	4 Conclusion
	References

	 Design of Compact Paper Counting Machine
	1 Introduction
	2 Working Process
	3 Algorithm
	4 Machine Image
	5 Result
	6 Conclusion
	References

	 Sports Prediction Based on Random Forest Algorithm
	1 Introduction
	2 Existing System
	2.1 Method 1
	2.2 Method 2
	2.3 Issues in Existing Systems

	3 Proposed System
	3.1 Random Forest Algorithm
	3.2 Prediction Categories

	4 Conclusion
	References

	 Experimental Study on Machinability of Metal Matrix Composite by Abrasive Water Jets
	1 Introduction
	2 Experimental Setup
	3 Process Parameters
	4 Experimental Procedure
	4.1 Preparation of Al7075-B4C Metal Matrix Composites

	5 Experimental Method
	5.1 Input Process Parameter

	6 Results and Discussion
	6.1 SEM TEST (Scanning Electron Microscopy)
	6.2 Hardness Measurement
	6.3 Tensile Test

	7 Depth of Cut
	8 Conclusion
	References

	 Study on Effect of Deposition Thickness on Temperature Distribution of Various Shaped 3D Printed Components
	1 Introduction
	2 Experimental Setup and Procedure
	3 Results and Discussion
	4 Conclusions
	References

	 Computer-Aided Thermal Control System of 3L-ANPCI Using LabVIEW
	1 Introduction
	2 Comparison of Existing System with Proposed Methodology
	2.1 Neutral Point Clamped Inverter
	2.2 Active Neutral Point Clamped Inverter
	2.3 Control Technique for Three-Level ANPC MLI Point Clamped Inverter
	2.4 Switching Sequence
	2.5 Junction Temperature
	2.6 Conduction Losses
	2.7 Switching Losses

	3 Results and Discussion
	3.1 Simulation Circuit for 3L-ANP Inverter
	3.2 IGBT Thermal Module
	3.3 Inverter Pulse Generation
	3.4 Sinewave Generation Circuit
	3.5 Triangular Wave Generation Circuit
	3.6 Inverter Input SPWM Waveform

	4 Conclusion
	References

	 Experimental Investigation and Optimization of Machining Parameters of Aluminum Composite Material
	1 Introduction
	2 Materials and Methods
	2.1 Materials
	2.2 Stir Casting
	2.3 Machining
	2.4 Design of Experiment

	3 Result and Analysis
	3.1 Experimental Work and Results
	3.2 Mathematical Model
	3.3 Particle Swam Optimization (PSO)
	3.4 PSO Algorithm for Optimization Problem

	4 Conclusion
	References

	 FEM and Execution Analysis of Hardfaced Aluminium Alloy Impeller
	1 Introduction
	2 Problem Identification
	2.1 Impeller Troubleshooting

	3 Materials and Methods
	3.1 Hardfacing of Impeller

	4 Performance Analysis of Impeller
	4.1 Material Analysis
	4.2 Stress Analysis of Cast Iron Impeller
	4.3 Stress Analysis of Hardfaced Aluminium Alloy (6012) Impeller
	4.4 Blade Position Analysis
	4.5 Stress Analysis of Trapezoidal Blade Position

	5 Results and Discussion
	5.1 Blade Position Analysis

	6 Conclusion
	References

	 Sensor-Based Gamified Rehabilitation Therapy to Enhance and Manage Human Physical Kinematics
	1 Introduction
	2 Literature Review
	2.1 Computing Interfaces
	2.2 NUI Sensor-Based Computing Techniques
	2.3 NUI Sensor-Based Computing Techniques

	3 Methodology
	3.1 Gamified Therapy
	3.2 Experimentation

	4 Results and Discussion
	5 Conclusions
	References

	 A Review on Analysis of Performance Parameters in Low Voltage Current Mirror Circuits
	1 Introduction
	2 Methodology
	3 Results and Discussion
	4 Conclusions
	References

	 Experimental Investigation on Mechanical Properties of Banana Fiber Reinforced Vinyl Ester Resin Composites
	1 Introduction
	1.1 Composite Materials
	1.2 Natural Fiber

	2 Materials and Methods
	2.1 Chemical Treatment of Fibers
	2.2 Matrix
	2.3 Composite Preparation
	2.4 Materials
	2.5 Mould Preparation
	2.6 Specimen Preparation

	3 Tensile Testing
	3.1 Objective
	3.2 Testing Procedure

	4 Result and Discussion
	4.1 Mechanical Performance of Hybrid Composite

	5 Conclusion
	References

	 Wear Characterization of AlTiCrN and TiCN Coatings on SG Cast Iron
	1 Introduction
	2 Sample Preparation
	2.1 SG Iron 500/7 Grade
	2.2 Coating

	3 Results and Discussion
	3.1 Hardness Measurement
	3.2 POD Wear Tester
	3.3 SEM Test

	4 Conclusions
	References

	 Optimization of Process Parameters on the Electrical Discharge Machining of Al6061-SiC MMC Through Evolutionary Approach
	1 Introduction
	2 Experimental Methodologies
	2.1 Experimentation

	3 Genetic Algorithm Methodology
	4 Results and Discussion
	5 Conclusions
	References

	 Numerical Investigation on Aluminum Alloys Under Medium Velocity Impact of Projectiles
	1 Introduction
	2 Numerical Modeling of Plate and Projectile
	2.1 Simulation of Impact by Steel Projectile at Different Thickness of Al2024
	2.2 Simulation of Impact by Steel Projectile at Different Thickness of Al7075
	2.3 Mesh Statistics for the Different Geometry

	3 Results and Discussions of the Problem
	4 Conclusion
	References

	 Priority-Based Task Allocation and Scheduling in WSN Using DMPS
	1 Introduction
	2 Literature Work
	3 System Architecture and Scheduling Methods
	3.1 Dataflow Diagram
	3.2 Scheduling Partition
	3.3 Carrier Sensing Multiple Access Algorithm
	3.4 Dynamic Multilevel Priority Scheduling Algorithm

	4 Results and Discussions
	5 Conclusions
	References

	 Characterization of Conformal Antenna for 5G-Enabled Industrial Robots
	1 Introduction
	2 Methodology
	2.1 Design
	2.2 Analysis

	3 Simulation Results and Discussion
	3.1 Impedance Characteristics
	3.2 Radiation Characteristics

	4 Conclusions
	References

	 Performance Analysis of Booth Multiplier-Based FIR in DWT Image Processing Applications
	1 Introduction
	2 Booth Multiplier-Based Fir
	3 FIR Filter
	4 DWT System
	4.1 Convolution-Based DWT System
	4.2 Model for DWT Implementation
	4.3 Simulation Result Analysis

	5 Results and Discussion
	References 

	 Structural and Optical Studies on Radio Frequency (Rf) Magnetron Sputter Deposited Nickel Oxide Thin Films
	1 Introduction
	2 Materials and Methods
	2.1 Experimentation

	3 Results and Discussions
	3.1 Structural Study
	3.2 Optical Transmittance

	4 Conclusions
	References

	 Classification and Detection Techniques of Fault in Solar PV System: A Review
	1 Introduction
	2 Photovoltaic Module
	2.1 Mathematical Modelling of Solar Cell
	2.2 Characteristics of Solar Cell

	3 Classification of Fault in PV System
	3.1 DC Side Fault
	3.2 Fault in AC Side

	4 Fault Detection Method
	4.1 Fault Diagnosis Method
	4.2 ARC Detection Based on Time, Frequency and Parallel Capacitor
	4.3 SLIC and Thermal Images and SCADA Data
	4.4 Fault Detection Through IV Curve and Optimized Fading

	5 SSTDR, Over Current Protection Devices and Mathematical Morphology
	6 Conclusion
	References

	 Power Generation Enhancement Using Hybrid Thermoelectric Generator with Synthetic Oil-Based Nanofluids
	1 Introduction
	2 Experimental Method
	2.1 Preparation of Nanofluids
	2.2 Experimental Setup
	2.3 Calculation for Efficiency

	3 Results and Discussions
	3.1 Viscosity of Therminol 55—Al2O3 Nanofluids
	3.2 Surface Tension of Therminol 55—Al2O3 Nanofluids
	3.3 Thermal Conductivity of Therminol 55—Al2O3 Nanofluids
	3.4 Temperature Difference and Power of Therminol 55—Al2O3 Nanofluids
	3.5 Temperature Difference and Efficiency of Therminol 55—Al2O3 Nanofluids

	4 Conclusions
	References

	 Performance Analysis of Automobile Radiator Using Tungsten Trioxide Nano-Fluid
	1 Introduction
	2 Analysis of Heat Transfer Rate
	2.1 Analysis of Energy

	3 Preparation of Nanofluid and Experimentation
	3.1 WO3 Nanofluid Synthesis
	3.2 Experimentation

	4 Results and Discussion
	5 Conclusions
	References

	 Experimental Investigation on Corrosion Behaviour of Aluminium Alloy Nanoparticles Composite Material
	1 Introduction
	2 Experimental Procedure
	2.1 Materials
	2.2 Stir Casting Process
	2.3 Salt Spray Corrosion Test

	3 Results and Discussions
	3.1 Density
	3.2 Mass Loss Corrosion Rate

	4 Conclusions
	References

	 Applications of Fuzzy Logic Approach for Assessment
	1 Introduction
	2 Literature Review
	3 Steps for TFN and TPRNs
	4 Results and Discussions
	5 Conclusion
	References

	 Study and Testing of Pneumatic Control of Ball Valve Using Actuator
	1 Introduction
	2 Literature Survey
	3 Actuator and Its Types
	3.1 Manual
	3.2 Pneumatic
	3.3 Hydraulic
	3.4 Electric

	4 Existing Problem
	5 Objectives
	6 Existing Problem
	6.1 Solenoid Coil
	6.2 Solenoid Valve
	6.3 Air Regulator
	6.4 Volume Booster
	6.5 Positioner
	6.6 Limit Switch
	6.7 Pneumatic Compressor
	6.8 Ball Valve

	7 Testing Methods
	7.1 Shell Test
	7.2 Back Seat Test
	7.3 Hydro Seat Test
	7.4 Air Seat Test

	8 Application
	9 Advantages
	10 Result and Discussion
	11 Conclusions
	References

	 Analysis of Six Sigma—Implementation of DIMAC Methodology in Foundry Industry
	1 Introduction
	2 Methodology
	2.1 Define Phase
	2.2 Case Study

	3 Measure Phase
	3.1 Statement

	4 Analysis Phase
	4.1 Improve Phase

	5 Metal not Filling (MNF)-The Step
	5.1 Full Factorial DOE Analysis

	6 Concluding the Results
	References

	 Novel Metal-Organic Polymer [Ruthenium Bis(II) (2,2′–Bipyridyl 4,4′- Dicarboxylic Acid) (N-Methyl morpholine)]n (BF4)2n for Dye-Sensitized Solar Cell Application
	1 Introduction
	2 Experimental Section
	2.1 Materials and Methods
	2.2 Characterization

	3 Results and Discussion
	3.1 Synthesis of RuMOP-NMM1
	3.2 UV–Visible and Emission Spectroscopy
	3.3 FT–IR Spectroscopy
	3.4 Thermal Gravimetric Analysis
	3.5 Fabrication of DSSCs
	3.6 I-V Characteristics

	4 Conclusions
	References

	 Effect of Different SiCp Particle Sizes on the Behavior of AA 7075 Hot Deformation Composites Using Processing Maps
	1 Introduction
	2 Experimental Work
	3 Result and Discussions
	3.1 Interpretation from Flow Curves
	3.2 Interpretation from Processing Map
	3.3 Microstructural Examination

	4 Conclusions
	References

	 Experimental Analysis of Forced Turbulent Convective Heat Transfer in a Circular Cross-Sectional Tube With Al2O3-Water Nanofluid
	1 Introduction
	2 Experimental Methods of Nanoparticle Preparation
	2.1 Aluminum oxide (Al2O3)
	2.2 Preparation of Al2O3 Nanofluid

	3 Experimental Setup
	3.1 Analysis of Data

	4 Result and Discussion
	4.1 Compare the Experimental Result of Base Fluid (Pure Distilled Water) and Nanofluid (AL2O3 + H2O)

	5 Conclusion
	References

	 Modelling the Factors of Buying Behaviour of Paint Products
	1 Introduction
	2 Literature Review
	3 Research Methodology
	4 Results and Discussions
	5 Conclusion
	References




