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Preface

The First International Conference on Innovative Technologies in Mechanical
Engineering (ITME-2019) has been the first conference of its series organized by
Department of Mechanical Engineering of KIET Group of Institutions, Delhi-NCR,
Ghaziabad, India. It was considered as a forum to bring together scientists, aca-
demicians, research scholars, graduate students, and mechanical engineers, pre-
senting new science, technology, and engineering ideas and achievements.

The motive of this conference is of great importance. The time and location
of the conference were quite excellent. Month of October in Ghaziabad is very
pleasant with advantage of Delhi as the capital of the country with excellent con-
nectivity by road, train, and air. The conference attracted many participants working
in various fields of engineering: design, mechanics, materials, etc. The success
of the conference inspired the organizers to turn the conference into series of event.

More than 275 papers were presented at the conference ITME-2019. They
covered topics ranging from the mechanics of machines, material engineering,
structural strength, and tribological behavior to transport technologies, machinery
quality, and innovations, in addition to dynamics of machines, walking mecha-
nisms, ergonomics, and computational methods. However, for this book, only 90
peer-reviewed papers, authored by research groups representing various universities
and institutes, were selected for inclusion.

Furthermore, I thank the staff and management of the Institute for their coop-
eration and support, and especially Dr. Amik Garg, Hon. Director, KIET Group of
Institutions, Ghaziabad, and all members of the Program Committee and the
Organizing Committee for their work in preparing and organizing the conference.
Last but not least, I thank Springer for its professional assistance and particularly
Dr. Akash Chakraborty, Priya Vyas, Lokeshwaran Manickavasagam and Daniel
Joseph Glarance who supported this publication.

Aligarh, India Mohammad Muzammil
Ghaziabad, India Arunesh Chandra
Indore, India Pavan Kumar Kankar
New Delhi, India Harish Kumar
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A Review on Different Performance
Enhancement Techniques for Solar Air
Heaters

Ankur Dwivedi, Harshit Mishra, and Vishwas Nagrath

1 Introduction

The increasing energy demands due to exponential industrialization and population
growth propelled the society toward renewable energy usage. Solar energy is consid-
ered as the highest potential renewable energy source with maximum contribution
of about 65% to useful power generation [1]. Solar heaters are utilized for conver-
sion of solar energy to heat energy of working medium and have been turned out
to be a dominant area of interest of researchers for low-temperature engineering
applications ranging from textile industries to space heating. Depending upon type
of working fluids used, the solar heaters may be classified as either solar air heater
(SAHs) (air as working fluid) or solar water heaters (SWHs) (water as working fluid),
respectively. \query{Please check the edits made in the sentence ‘Depending upon
type of working fluids used...’.}SAHs have found relatively wide and advantageous
domain over SWHs as air is freezing-free and non-corrosive in nature [2].

Although a major problem associated with SAH is their poor heat transfer char-
acteristics due to low heat transfer coefficient values between working fluid (air)
and heat exchanging surface, hence appropriate heat transfer enhancement methods
are used for system performance improvement [3]. Different thermal enhancement
methods are categorized as—active methods, passive methods and hybrid ones.

Active methods utilize external power to maintain heat transfer augmentation
while passive methods deal with effective surface area variations through some rele-
vant modifications to provide similar result. The passive methods are found more
advantageous than active ones due to less complexity and cost associated. Also, it is
not always possible to incorporate external power means to the system; hence, the
use of active methods is practically limited. When active and passive methods are
employed together in combination, such technique is kept under hybrid methods.
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There are numbers of literatures available regarding experimental and numerical
works dealing with performance of solar air heater.

The present paper takes an opportunity to present an up-to-date collection
of different literatures, as an exhaustive review regarding different heat transfer
enhancement techniques employed.

2 Performance Parameters

A solar air heater arrangement comprises a glass cover, an absorber surface and a
back plate, properly insulated to ensure minimum energy losses to the environment.
Generally, three different performance characteristics are employed to measure the
SAH’s effectiveness, as discussed in the coming context.

2.1 Heat Transfer Characteristics

The heat transfer performance of solar air heater is calculated as the ratio of actual
heat transfer between the absorber plate and air (Qact) with respect to incident solar
irradiation (G). Mathematically, it may be written as

TP = Qact

G
(1)

2.2 Hydraulic Characteristics

The optimum power requirements for SAH are measured in terms of pressure drop
(ΔP) within the channel as calculated by the Darcy-Wiesbach relation as below

�P = 4ρ f LV 2

2Dh
. (2)

2.3 Thermo-Hydraulic Characteristics

The performance parameter determining the cumulative thermal and hydraulic
performances of roughened SAH was coined in work [4] as expressed in Eq. 3.
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EEF =
(
Nu

Nus

)(
f

fs

)−1/3

(3)

3 Performance Enhancement Techniques

Various performance augmentation methodologies adopted have a prime objective
to provide maximum heat transfer for minimum pressure loss penalty. Some relevant
heat transfer augmentation techniques are discussed as below.

3.1 Extended Surfaces

Use of extended surfaces as heat transfer augmentationmethod comes under the cate-
gory of passive methods that use effective surface variation to affect system perfor-
mance without application of external power. The extended surfaces are generally
employed in form of fins, turbulators, baffles, etc. A detailed review regarding appli-
cations of various cross-sectional fins affecting rectangular SAHs performance was
presented by Sahu et al. [5]. Some relevant studies are given in Table 1.

3.2 Surface Roughness

The main idea to employ surface roughness for improving heat transfer character-
istics is to disrupt the laminar sub layer over absorber plate; and hence, creating
turbulence associated with some pressure loss. The selection of appropriate surface
roughness is very important aspect to consider with an objective of optimum system
performance. The roughness is generated using wire ribs, dimples and protrusions
etc. The collective summary of some relevant literatures is presented in Table 2.

3.3 Porous Bed

Based on the position of the absorber surface, Gupta and Garg [16] classified the
solar air heaters under the categories of porous and non-porous solar air heaters. The
performance of porous SAH is reported better of two due to high heat transfer surface
area density, minimum radiation losses and lower pressure drop values. The porous
bed solar collectors are classified as: honeycomb-based [17]; overlapped glass plate
[18] and matrix type [19–21]. The matrix porosity and thickness are some crucial
parameters subjected to precise selection [22]. Naphon [23] suggested the porous
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Table 3 Summary of different literatures on heat transfer enhancement using porous bed

Authors Absorber type Empirical correlations Key results

Varshney
and Saini
[24]

Wire mesh screen
matrix Jn = 0.647

[( 1
nP

)( pt
dw

)]2.104
Re−0.55

f = 2.484
[( 1

nP

)( pt
dw

)]0.699
Re−0.44

The system
performance
was reported
to be very
strong
function of
mesh
geometry

Thakur
et al. [25]

Low porosity
packed bed Jn = 0.4

[( 1
nP

)0.50( pt
dw

)0.25]1.4
Re−0.61

f = 3.0

[( 1
nP

)0.50( pt
dw

)0.25]0.90
Re−0.41

The
performance
index was
found in
between 1.14
and 1.58
confirming
enhanced
performance

Prasad
et al. [26]

Wire screen matrix
Jn = 0.2563

( 1
nP

)0.609( pt
dw

)0.7954
Re−0.63

f = 3.5722
( 1
nP

)1.0431( pt
dw

)1.1507
Re−0.43

Maximum
enhancement
of 89.5% can
be obtained

Lalji
et al. [27]

Hexagonal-shaped
matrix

Jn =
0.1765

[( 1
nP

)0.6156( pt
dw

)0.1229]0.6651
Re−0.4767

f =

2.0291

[( 1
nP

)0.3521( pt
dw

)0.0686]0.6759
Re−0.3897

The packed
bed SAH with
lower porosity
was reported
to perform
better than
highly porous
SAH

mesh to be about 26% more efficient than non-porous mesh when analyzed for
double-pass counter flow collectors. Table 3 summarizes various relevant literatures
dealing with utilization of porous materials in different heat transfer applications.

3.4 Selective Coatings

The absorber plates are sometimes coated selectively with substances having
maximum absorptivity (to absorb maximum incident energy) and minimum emis-
sivity (to ensure minimum radiation losses). In this way, application of selective
coating reduces radiation losses, reducing overall heat transfer coefficient vice-
versa [28], and hence improves thermal efficiency. An experimental work to analyze
the effects of nickel-plated and chromium-colored sheet as selective coating was
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performed by Togrul and Pehlivan [29] at Elazing, Turkey. The maximum increase
in efficiencies for three different cases considered (selective coating only, Aluminum
wire mesh packing and Combined packing and selective coating) was reported about
6%, 60%and 68%, respectively. El-Sebaii andAl-Snani [30] suggestedNi–Sn as best
selective coating material with maximum efficiency 46% through their mathematical
work considering the climatic conditions of Jeddah in Saudi Arabia.

4 Concluding Remarks

Different performance enhancement techniques utilized for solar air heaters are
reviewed as investigated experimentally and analytically under various studies.Based
on the studies reviewed, the following conclusions may be drawn.

The fin height, fin density and orientation are found to be important design factors
in case of extended surface applications, while roughness geometry, height and pitch
are reported important parameters in studies dealingwith artificial roughness. Perfor-
mance of porous bed depends strongly on its porosity. Application of appropriate
coatings is reported as an effective way to improve system performance.
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Worker Fatigue Model and Its
Ergonomic Application
for a Dishwashing Task

P. Lasin and Vinay V. Panicker

1 Introduction

Fatigue is a workplace hazard that is related to the health and safety of the worker.
Fatigue refers to the problem that appears from poorly designed shift patterns or
excessive working time. It is generally considered to be a decrease in physical and/or
mental performance that results from lengthy exertion, sleep loss and/or disruption of
the internal clock. It is also related to workload, and in that, workers are more quickly
fatigued if their work is machine-paced, monotonous, or complicated. Fatigue can
cause a reduction in productivity, absent-mindedness, less coordination, and low
concentration. It is often the root cause of major accidents.

This paper at hand contributes to a study on worker fatigue evaluation for a
dishwashing task. In particular, it investigates the dishwashing task of femaleworkers
where the plates are washed after food in one of the hostel mess in an educational
institute in the southern part of India. In the scenario considered, the worker will
wash a specific number of plates per day.

The objective of this study is to evaluate the worker fatigue for a cycle of work
by using digital human modeling software and compare the actual rest time and
recommended rest time.

A questionnaire discomfort survey has been conducted for female dishwashing
workers as an initial study. In the questionnaire, ten body parts are analyzed which
are neck, elbows, forearms, wrist, thighs, knees, hips, lower back, upper back, and
shoulders. From the survey, it has been found that 77.78% of workers have shoulder
pain, and 66.78% of workers have back pain. Among the total health problems, 20%
is an account for shoulder pain and 17% is an account for back pain. In the long run,
these health problems will lead to severe musculoskeletal disorders (MSDs). These
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health problemsmay arise due to excess fatigue generated duringwork, improper rest
breaks, and unscientific design of the workplace or working posture. In this study,
the dishwashing process is broken down into sub-activities and the analysis of work
activities and cumulative loads on body joints is performed on the biomechanical
digital human model on the basis of posture captured by using Xbox Kinect and
hand forces by using Siemens Jack. The outcomes of this model are used to estimate
different fatigue parameters for the dishwashing activity. The results show that the
recommended rest time is very much higher than the actual rest time which is taking
now.

The remaining of this paper is organized as follows. The related literatures are
reviewed in the next section. Detail study of the problem, development of a digital
human model for evaluating the core shoulder loads associated with the dishwashing
task for female workers, and detailed explanation of the solution methodology
adopted are discussed in Sect. 3. Section 4 describes the results of biomechanical
analysis from the digital human model and numerical results of fatigue generated
for the unit work cycle. Section 5 concludes the mini-project report and discusses
directions for future work.

2 Review of Literature

A comprehensive review of the literature is provided in this section on different areas
of fatigue evaluation and rest allowance. The literatures give a clear understanding of
fatigue generation for workers under different conditions. Many previous epidemi-
ological studies have conducted in the area of worker fatigue evaluation. So the
relevance of assessment of worker fatigue is vital in the workplace or any industry.

2.1 Worker Fatigue Evaluation Model

Worker fatigue evaluation for the packaging process with an integrated cost concept
is investigated by Glock et al. [1]. The objective of the paper is to minimize the
overall packaging cost. The overall cost involves the cost of workers and the cost of
packaging material like a box. There are three types of boxes: small, medium, and
large.

The packaging process involves various steps such as place an item in box, tape
and label the box, place the box into the trolley, and carry the box to the storage
area.. The exponential function will calculate the fatigue generated by the worker
after completing a specified time ta. A fatigue growth parameter is developed by
combining the equations for maximum endurance time (MET) and maximum volun-
tary contraction (MVC). The results show that the smaller boxwill have low total cost
and it is less sensitive to changes in Fmax for lower-wage cost. But the larger box is
suitable for high-wage costs. The expression for % maximum voluntary contraction
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is taken from Norman et al. [2]. A fatigue recovery function developed which will
give the residual fatigue retained in the body of the worker after taking some rest for
time t.

Maximum endurance time (MET) is the maximum time in which the worker can
able to work in the same posture. The expression for maximum endurance time is
taken from the paper done by Rose et al. [3] and El-Ahrache and Imbeau [4]. It is an
exponential function that will give the MET in seconds.

2.2 Rest Allowance for Static Muscular Work

The rest periods for static muscular works in the manufacturing industry and
compares different rest allowance models have investigated. Rest allowances are
the scheduled break times to be given to the workers for recovery from fatigue.
Different rest allowance models are compared with the estimation of rest allowance
using EN1005-3 standards. The rest allowance of Bystro and Fransson-Hall [5] is
used in this paper.

A comprehensive review of literature on different topics related to the evaluation
of worker fatigue, rest allowance helped in making a clear understanding of the topic
and helped to identify the direction of future research. Generally, fatigue is expressed
as the percentage of maximum permissible fatigue.

3 Problem Description and Solution Methodology

3.1 Problem Description

Fatigue is a more prevalent and serious workplace issue with respect to the produc-
tivity of the workforce. With a focus on an employee’s health and well-being, it
is essential for any employer to assess the fatigue at the workplace. In this paper,
the assessment of the fatigue of dishwashing workers at a mess is proposed. The
observational study will help to develop a digital human model to analyze the forces
acting on the shoulder joints of the worker.

The dishwashing task from a hostel mess is carefully observed and the steps
involved in a dishwashing activity have been summarized as follows:

Step 1 The plates to be washed are kept on left side of the worker. In this step,
worker will reach to take a plate.

Step 2 The worker will grasp the plate.
Step 3 Take the plate and position it in front of the sink.
Step 4 Apply scrubber and soap to plate.
Step 5 Dip the scrubbed plate in the water which is stored in tub.
Step 6 Stand erect from bending posture.
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Step 7 Cleaned plates are to be kept on the right side of the sink. In this step, the
worker will reach to the place where the plates are to be placed.

Step 8 Collect all the cleaned plates and keep it in a specified place.

Sum of all these process steps is defined as one job cycle. The postures of different
steps in the dishwashing task are captured using Xbox Kinect and the digital human
models are developed by using Siemens Jack software (Figs. 1, 2, 3, 4, 5, 6, 7 and
8). The 50th percentile of the female Asian Indian population is considered as the
subject anthropometric dimensions in the digital humanmodeling software ‘Siemens
jack’. Twelve female subjects with an average age of 42 is the sample size and the
period of the study is March–April 2019. The assumptions in this study are:

• Only one worker is considered at a time.
• The activity carried out by the worker is dishwashing only. All other jobs are

neglected.
• One worker will wash 150 plates in one period.
• The worker can withstand fatigue to a maximum of 99%.

For numerical analysis and evaluation, the biomechanical parameters of the female
population are focused. Because comparatively femaleworkers have less biomechan-
ical tolerance level thanmaleworkers. So, itwill induce a high risk for femaleworkers
when the processes and workplace are designed according to the characteristics of
male workers. So the work setup would not ergonomically fit for female workers.
In such a situation, the safety and health of female workers would not be treated
appropriately. Likewise, any body part of interest can be studied, and here, the main
focus is on the impact of fatigue generated on the shoulders.

Fig.1 Digital human model of dishwashing task, Posture 1
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Fig.2 Digital human model of dishwashing task, Posture 2

Fig.3 Digital human model of dishwashing task, Posture 3

3.2 Estimation of Expected Fatigue Parameters

Analysis of work activities and cumulative loads on body joints is performed on the
biomechanical digital human model on the basis of posture and hand forces by using
Siemens Jack. The outcomes of this model are used to estimate different fatigue
parameters for the dishwashing activity. The dishwashing process is broken down
into a variety of static actions like reach, grasp, scrubbing, washing, etc. The inputs
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Fig.4 Digital human model of dishwashing task, Posture 4

Fig.5 Digital human model of dishwashing task, Posture 5



Worker Fatigue Model and Its Ergonomic Application … 17

Fig.6 Digital human model of dishwashing task, Posture 6

Fig.7 Digital human model of dishwashing task, Posture 7
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Fig.8 Digital human model of dishwashing task, Posture 8

chosen for undergoing the analysis aremainly the data related to theworking posture,
hand forces, and body dimension of the worker (stature, weight, etc.).

The analysis is performed based on the inputs by estimating peak loads on the
shoulders, L4/L5, and other body joint and also help us to calculate the cumulative
load on these parts. The results of the Siemens Jack software help us to estimate the
fatigue parameters of dishwashing task performed by the worker.

3.3 Fatigue Model

The exponential model is used to track fatigue generation of workers [1].

FS(ta) = 1 − e−θata (1)

This function will calculate the accumulated fatigue. In (1), the generated fatigue
at time ta is FS (ta). θ a is the fatigue growth parameter.θ a can also be called as
the rate of fatigue accumulation, a low value of this parameter indicates slow fatigue
accumulation, and a high value indicates fast fatigue accumulation. The concepts
of maximum endurance time (MET), maximum voluntary contraction (MVC) are
used to estimate the fatigue parameters. Earlier researches have shown that themuscle
force capacity will reduce to a threshold value over time when a worker continuously
doing an action.

Fatigue reaches its maximum level (Fmax∼100%) if this threshold value reached
at the MET. After reaching this point, the worker will unable to retain the force
required for performing action [1].
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METa = 7.96e(−4.16∗%MVCa) (2)

The maximum force exerted by a muscle when fully activated by a worker is
defined as MVCa. Here, %MVCa for an action a is calculated as [1]:

%MVC = Themoment of force for a given action a

The populationmaximum strength in the required posture
(3)

The fatigue growth parameter of an action, a, is approximated by combining (1)
and (2) due to the absence of empirical data [1]:

θ = 1

7.96e(−4.16% MVCa)
ln

(
1

1 − F max

)
(4)

By accumulating all fatigue levels associated with the dishwashing actions, the
total static fatigue (Fs(tw)) of the worker for the dishwashing process during the job
cycle tw is estimated [1]:

Fs (tw) =
∑
a

Fs(ta)na (5)

Now, it is considered that the total fatigue is generated due to the static actions of
the dishwashing task. But in reality, the worker is performing the jobs under dynamic
conditions. The dynamic (real) fatigue generated by the dishwashing process is
calculated by using the below-mentioned equation [1]:

Ft (tw) = β.Fs (tw) (6)

where β is the dynamic coefficient of value 0.17 for manual handling operations.
Rest allowance (RA) indicates the time needed for sufficient rest followed by a

static exertion. It is generally expressed as a percentage of working time. This rest
allowance model takes only %MVC as an input parameter which is prior calculated
for estimating the fatigue developed for the dishwashing task. The recommended
rest allowance is for manual work is [4]:

RA =
[
% MVC

15
− 1

]
∗100 (7)

In this model, it is assumed that no fatigue when %MVC < 15%.
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4 Results and Discussion

Thiswork studied amanual dishwashing task. In particular, it studied the dishwashing
task of female workers where the plates are washed after the food in one of the hostel
mess in an educational institute. The results of the study are tabulated in Table 1.

Total static fatigue for one work cycle,
Fs(tw) = ∑

a
Fs(ta)na = 0.273.

Total dynamic fatigue for one work cycle,

Ft(tw) = β.FS (tw) = 0.17 × 0.273

= 0.0465

= 4.65%

Actual rest time between cycles = 1.8 s
Total task time = 19 s
Cycle timer for one job cycle = 19 + 1.8 = 20.8 s
Total recommended rest allowance for one cycle = 0.426
Total recommended rest time for one cycle = 8.094 s
Recommended cycle time = 27.094 s

In one period, a worker will wash 150 plates.

• Actual total rest time taken for 150 cycles = 4.5 min
• Recommended rest time for 150 cycles = 20.23 min
• Actual time taken for washing 150 plates = 52 min
• Recommended time for washing 150 plates = 67.73 min.

This paper has studied the dishwashing task for a female worker. A biomechan-
ical digital human model is developed in Siemens Jack software after capturing the
different postures by using Xbox Kinect. The core shoulder moment is estimated
from the force solver module in Siemens Jack software. The developed model was

Table 1 Results of the ergonomic assessment of different postures in dishwashing task

Posture %MVC MET (s) θ Ta (s) na Fatigue mvc > 15 RA

1 4.65 393.5 0.01170 1 1 0.0116 0 0

2 7.77 346.6 0.01328 2 1 0.0262 0 0

3 15.37 262.6 0.01753 2 1 0.0344 0.0344 0.02466

4 16.78 237.6 0.01937 3 1 0.0564 0.0564 0.11866

5 4.43 397.2 0.01159 6 1 0.0671 0 0

6 9.48 321.9 0.01430 2 1 0.0282 0 0

7 9.43 322.6 0.01427 2 1 0.0281 0 0

8 19.25 214.4 0.02147 1 1 0.0212 0.0212 0.28333
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analyzed in a digital human model simulation inspired by a case observed in daily
life. The fatigue parameters and the recommended rest time are also estimated for
the dishwashing task. From the numerical analysis, we obtained several managerial
insights that can be summarized as follows:

• Total fatigue developed for one work cycle is 4.65%.
• Recommended rest time is very much higher than the actual rest time which is

taking now.
• In the long run, this will cause serious health problems like musculoskeletal

disorders
• To avoid this problem, give sufficient rest time for the workers.
• The rest break should be given intermittently.

The workers are unaware of their proper rest time required. In one period, each
workerwill wash 150 plates. In the actual condition, it will take 52min for completing
the task. But scientifically, by considering recommended rest times, the total time
for completing the task requires 67.73 min. This indicates that the workers doing
their works by ignoring the recommended rest time. Workers are unaware of the
recommended rest times. This will lead to workers’ health problems like shoulder
pain and back pain. The fatigue generation can also be reduced by implementing an
optimal workspace design.

5 Conclusion

This work deals with a common workplace issue which is often observed in manual
handling workplaces. This work estimated the fatigue generation for the unit work
cycle and the allowable rest times for the dishwashing task. Then, it compares the
allotted rest time in the current scenario and the scientifically developed rest time for
the dishwashing task. It is showing a significant difference. This means, the current
rest time is very much less than the required rest time. This may result due to the lack
of awareness about the recommended rest time. The improper rest time and work
schedule will lead to serious musculoskeletal disorders (MSDs).

Although the results obtained from the developed model clearly illustrate the
difference between actual rest times and recommended rest times. This paper has
some limitations. One limiting factor is that only a preselected number of plates
were considered. The activity would probably not be an issue in many cases. Only
dishwashing task is considered for the analysis and all other tasks are neglected. But
in actual situation, workers are doing various tasks in the kitchen.
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Influence of Backpack Load on Energy
Expenditure during Walking

A. Tamizhinian and Vinay V. Panicker

1 Introduction

Backpack has been commonly used by athletes, adults and students, since it is a
better choice than carrying the load in hands, over the head, or using front packs.
As the users feel that this may reduce physiological and biomechanical demand
compared to other load carryingmethods, they habitually carry backpacks. However,
these backpack loads can cause potential problems like back pain and have adverse
effects as mentioned by Gupta et al. [3]. The backpack weight can be considered in
terms of body weight (BW) percentage. It is expected that the backpack load adds
proportionately to the work needed to redirect the Center of Mass.

It is seen that most of the youngsters and students form a significant portion of
backpackusers. Therefore, it is essential to assess the influenceof carrying abackpack
on the energy expenditure of the students. This work focuses on the assessment of
energy expenditure at different load carrying conditions at the back of adults under
two different walking conditions.

The following are the objectives to be accomplished to assess the energy expended
by the students under different backpack load carriages which are discussed in the
later part of the article,

1. Define the different load conditions and terrain conditions taken for study.
2. Measure the energy expenditure of the students for each of the defined conditions.
3. Perform statistical comparison among the cases and analyze the results.

Rest of the article is organized as follows: Sect. 2 presents a review of relevant
literature. Section 3 describes the problemconsidered. Section 4 explains themethod-
ology adopted. Section 5 discusses the data analysis carried out on the collected data
and their results. This article concludes in Sect. 6.
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2 Review of Related Literature

This section reports the review of the literature published related to energy expendi-
ture helps in knowing the right choice of prediction equations for various activities,
factors (gait parameters) influencing the energy expenditure, and whether to use
trekking pole or not for field track walking while carrying backpack load.

2.1 Energy Expenditure

The total number of calories burnt by a person for each day is the total daily energy
expenditure of the person. The energy consumption can change broadly from indi-
vidual to individual and for an individual, it can fluctuate by activities involved.
For example, an individual sitting discreetly around uses 10% lesser energy than
individual who is dozing. Light force exercises, for example, work area work or
moderate walking may use thrice the energy required for sitting discreetly. Moderate
force exercises, for example, relaxed cycling or sexual activitymay exhaust 3–6 times
the energy required for sitting discreetly, while overwhelming power exercises, for
example, running or doing pushups use in excess of multiple times the energy used
for sitting unobtrusively.

2.2 Validation of Prediction Equations for Energy
Expenditure and Motivation

The prediction equations for the energy expenditure of walking and running are
compared with the measured values obtained from the actual experiment conducted
by Hall et al. [1]. It is reported that there is no significant difference in energy
expenditure between track and treadmill for both walking and running.

2.3 Effect of Trekking Pole on Energy Expenditure While
Field Track Walking with Backpack

The impacts of the utilization of trekking shafts with or without burden carriage
on energy expenditure and pace of apparent effort while walking on field tracks is
researched by Brito et al. [2]. The outcomes propose that noteworthy contrasts in
pulse and walking velocity are found in the correlations between walking with and
without shafts, no distinctionswere seen in pulse, pace of apparent effort andwalking
speed between walking with or without posts when carrying a knapsack load.
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2.4 Evaluation of Modified Backpack Design for School
Children

Carrying of knapsacks by younger students prompts postural and walk adjustments,
prompting low back pain and musculoskeletal issue. The research carried out by
Gupta et al. [3] has inspected step parameters, posture, and energy use differences
between modified backpack (MBP) and the existing backpacks (EBPs) in school
students. In this work, around 26 healthy participants were included utilizing three
stacking states of 10, 20, and 30% of their body weight (BW) with the two different
designs of backpacks. Bymaintaining the posture during the loaded condition around
the plumb line/vertical axis similar to the neutral posture (unloaded condition), a
modified design of the school backpack is found to reduce, higher bio-mechanical
strains, gait variation, and metabolic cost seen in the existing designs of backpacks
carried by students.

3 Problem Description

It is understood that the metabolic energy expenditure increases proportionately with
the carrying load, and can easily become twice for a moderate load. While walking,
there is a need for equilibrium and movement of arms and legs relative to the body
and the load carriage places increasing requirements on equilibrium, as stated by
increasing variability in step width. This variation contributes to energy expenditure.
The amount of increasing energy expenditure with respect to the load carried by an
individual gets modified in two different road scenarios. The scenarios are shown in
Table 1.

Under both the scenarios, at the higher load carrying conditions, it is anticipated
that students are suffering since they tend to expend more energy. The following
work has been carried out to validate the energy expended by the students under
above-mentioned scenarios at three different load conditions as follows:

1. No load condition (NL)
2. 5% of the subjects’ BW (body weight) and
3. 10% of the subjects’ BW.

Table 1 Scenarios considered for the study

Scenario 1 Scenario 2

Flat road—zero gradient Steep road—comparatively more gradient

Sub-scenario 1 Sub-scenario 2

Flat road Climbing the steps
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Fig. 1 Subject equipped with set of sensors, sub-recorders, and a main recorder

4 Methodology Adopted

The energy expended by the individuals under above two scenarios is measured
using a device, IDEEA minisun. The obtained values are analyzed using ANOVA at
a significance level of 5%and the results are interpreted to deduce certain conclusions.

4.1 IDEEA (Intelligent Device for Energy Expenditure)

MiniSun’s new IDEEA®3 System is a breakthrough in recording and analysis of
physical activities, gait, functional capacity, and energy expenditure using the latest
technology. IDEEA3 hardware is comprised of IDEEAmain recorder, sub-recorders,
and accessories. The sensors are attached to the subjects’ body at the proper positions
as per the manual and the recorders are strapped to collect the data. The subject
equipped with the IDEEA minisun device is shown in Fig. 1.

4.2 Data Collection

Data has been collected from eleven male subjects with the age group ranging
between 22 and 25. The subjects are instructed to go for a walk at their self-selected
pace with backpack at different load under two different road conditions. This work
estimates the variation in energy expenditure during the walking under different load
conditions and terrain conditions. The summary of the physical parameters of the
samples required for the study is displayed in Table 2.
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Table 2 Summary of physical parameters

Groups Mean age (SD) (in
years)

Mean weight (SD)
(in kg)

Mean height (SD)
(in m)

Mean BMI (SD) (in
kg/m2)

S 23.4 (1.04) 72.7 (9.8) 1.72 (0.07) 24.3 (2.65)

SD Standard deviation is given brackets

Table 3 Energy expenditure for two scenarios

Subject Scenario 1—EE (kcal) Scenario 2—EE (kcal)

NL 5% BW 10% BW NL 5% BW 10% BW

1 106 125 109 92 99 99.2

2 90 93 99 94 97 97.9

3 107 119 118.3 99 100.7 100

4 92 95 99 93 96.8 98

5 88.2 96 100 90 94 98.5

6 89.3 98.4 100.3 93.6 93.4 95.9

7 98 101.7 109 98 98 104

8 82 89.7 91 86 88 89

9 90.4 95 102.5 93 99 98

10 93 100 107 97 99 99.5

11 92.6 98.9 104 94.7 96 100.2

Mean 93.5 101 103.5 93.6 96.5 98.2

S.D. 7.5 11 7.1 3.6 3.5 3.6

The energy expenditure measured for individual subjects under two scenarios
such as flat road and steep road conditions at different load conditions using IDEEA
Minisun is shown in Table 3.

In Scenario 1, the sample has to walk through a flat road as well as climb the steps.
In order to compare the energy expenditure under these two sub-scenarios, same step
count (about 321 steps) is taken. The obtained values for energy expenditure under
flat road condition and climbing steps’ condition are shown in Table 4.

5 Results and Discussion

Analysis of variance (ANOVA) is a statistical technique, used to check the significant
difference in the means of two or more groups. ANOVA checks the impact of one
or more factors by comparing the means of different samples. So, ANOVA is used
here to compare the energy expenditure between the undertaken scenarios.
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Table 4 Energy expenditure for flat road and climbing steps

Subject Scenario 1—EE (kcal)

Flat road Climbing steps

NL 5% BW 10% BW NL 5% BW 10% BW

1 13.46 16.66 14.82 39.50 41.70 34.90

2 11.44 12.40 13.46 33.50 31.00 31.70

3 13.60 15.86 16.08 39.80 39.70 37.90

4 11.68 12.66 13.46 34.30 31.70 31.70

5 11.20 12.80 13.60 32.80 32.00 32.00

6 11.34 13.12 13.64 33.30 32.80 32.10

7 12.46 13.56 14.82 36.50 33.90 34.90

8 10.42 11.96 12.38 30.50 29.90 29.10

9 11.48 12.66 13.94 33.70 31.70 32.80

10 11.82 13.34 14.54 34.60 33.00 33.30

11 11.76 13.18 14.14 34.50 33.00 33.30

Mean 11.88 13.47 14.08 34.82 33.70 33.15

S.D. 0.95 1.46 0.97 2.79 3.66 2.31

5.1 Energy Expenditure Between Flat Road and Steep Road

Here, the two scenarios have been compared statistically by conducting one-way
ANOVA under 5% level of significance and the results between two scenarios under
no load condition, 5% BW condition, and 10% BW condition have been provided in
Table 5.

It is clearly evident from the above table that there is no significant difference
in energy expenditure between flat road and steep road at no load condition and at
5% BW load carriage (p > 0.05). An individual carrying a backpack load equivalent
to 10% body weight is not recommended as it has more influence on the energy
expenditure.

Table 5 ANOVA
results—flat road vs steep
road at three different load
conditions

Comparative
parameters

Flat road versus steep road

NL 5% BW 10% BW

Sum of squares
between groups

0.15 117.30 157.69

Sum of squares
within groups

697.31 1328.61 646.007

F-statistic 0.004 1.76 4.88

F-critical 4.35 4.35 4.35

p-value 0.94 0.19 0.039
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Table 6 Statistical parameter
among different load
conditions under each
scenario

Comparative parameters NL versus 5% BW versus 10% BW

Flat road Steep road

Sum of squares between
groups

603.192 115.117

Sum of squares within
groups

2275.453 396.472

F-statistic 3.976 4.355

F-critical 3.315 3.315

p-value 0.029 0.021

5.2 Energy Expenditure at Different Load Conditions
in Different Scenarios

Three different load conditions have been compared statistically by conducting one-
way ANOVA under 5% level of significance and are provided in Table 6.

There is a significant difference in energy expenditure among different load condi-
tions under both flat road and steep road walking condition. Further to know among
three different load conditions, between which cases significance exist, multiple
comparison test (also known as Tukey’s Honestly Significant Difference test) is
conducted and the results obtained state that there is a significant difference in energy
expenditure between no load and 10% BW under flat road walking (HSD ~ 9.16) as
well as under steep road walking condition (HSD ~ 3.82).

5.3 Energy Expenditure Between Flat Road and Climbing
the Steps

In scenario 1, the two sub-scenarios are compared statistically by conducting one-way
ANOVA under 5% level of significance. The results are provided in Table 7.

Table 7 Statistical
parameters for two
sub-scenarios at different load
conditions

Comparative
parameters

Flat road versus climbing steps

NL 5% BW 10% BW

Sum of squares
between groups

2894.34 2250.28 2001.11

Sum of squares
within groups

87.084 155.42 62.604

F-statistic 664.71 289.56 639.331

F-critical 4.3512 4.3512 4.351

p-value 8.07E-17 2.3E-13 1.18E-16
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Table 8 Statistical
parameters among different
load conditions under two
sub-scenarios

Comparative
parameters

NL versus 5% BW versus 10% BW

Flat road Climbing steps

Sum of squares
between groups

28.45 15.82

Sum of squares
within groups

39.80 265.30

F-statistic 10.72 0.89

F-critical 3.31 3.31

p-value 0.0003 0.4193

It is clearly evident from the above table that there is no significant difference
in energy expenditure between flat road and climbing steps at all the three different
load carrying conditions (p < 0.05).

5.4 Energy Expenditure at Different Load Conditions in Flat
Road and Climbing Steps

The three different load conditions have been compared statistically by conducting
one-way ANOVA under 5% level of significance and are provided in Table 8.

From the above table, it is clear that there is no significant difference in energy
expenditure among different load conditionswhile individuals are climbing the steps.
Whereas there is a significant difference in energy expenditure among different load
conditions under while walking on a flat road. Multiple comparison test is conducted
and the results obtained state that there is a significant difference in energy expen-
diture between no load and 10% BW under flat road walking condition (HSD ~
1.21).

6 Conclusion

From this work, it is concluded that while carrying 10% body weight of load in
backpack, steeper road (roadwith gradient) is havingmore impact in expended energy
in comparison with energy expenditure under 10% BW load carriage at flat road
walking condition. There is no significant impact on the energy expenditure while
climbing the steps at varied load carriage. On the flat road, the energy expenditure is
proportionately increasing with the increase in load. Under both the road conditions,
it is found that the 10% BW load to backpack is more influential than any other load
conditions. In both the steeper road andflat roadwalking condition, its normal to carry
5%BW load in backpack but 10% is having greater influence on energy expenditure.
At the same time, there is no significance increase in energy expenditure if a person
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shifts from 5 to 10% body weight load carriage. Further investigation can be carried
out by increasing backpack load at the rate of 1% over 5% body weight to know
exactly at which percentage, the energy expenditure is becoming influential between
5 and 10% of body weight load carriage in the backpack while walking. This work
has mainly focused on the assessment of energy expenditure. This study can serve
as one of the parameters in carrying out a research work on bio-mechanical strains
due to backpack load and even the conditions of the road as a future work.
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Low-Carbon Supply Chain
Management: A Fuzzy-DEMATEL
Analysis of Some Practical Issues
of Indian Manufacturing Industries

Vivek Gupta and Arvind Jayant

1 Introduction

This paper includes some basic models and hypothesis developed by using question-
naires getting from many industries. By using these hypotheses, we can differentiate
between some on paper applied phenomenon and the techniques actually applied. I
have prepared some barriers by using questionnaires apply fuzzy DEMATEL tool to
develop fuzzy triangular function and to develop total relation matrix.

This paper broadly examines different components that may add to constrained
reception of this training. This paper at that point finishes a quantitative investi-
gation using a fuzzy-oriented DEMATEL way to deal with distinguish the relative
relationship and significance of different hindrances, particularly at the city level.
At that point, a fuzzy-oriented DEMATEL way to deal with evaluates the connec-
tions of obstructions is presented. To assess the hindrances, this article at first gets
contributed from a genuine government official accountable for acquisition.

Some Main Objectives of the Paper Are:

i. To represent and describe some related hypothesis which is to develop some
common issues of ‘low-carbon supply chain’ and also some strategies developed
by managers for the effectiveness of their supply chain [1].

ii. To check the effectiveness and efficiency of this hypothesis and to compare the
importance of these selected issues to influencing these supply chain attributes.

iii. To apply fuzzy-DEMATEL approach for the analysis of the data.
iv. To check and relate applied research with managers to find out selected issues.
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2 Background

The decision-making trial and evaluation laboratory (DEMATEL) method was first
developed by the Geneva Research Center of the Bottle Memorial Institute to visu-
alize complex causal relationships throughmatrix or diagrams.As a kind of structural
modeling approach, it is particularly useful in analyzing cause-and-effect relation-
ships between parts of a system. DEMATEL can determine the interdependence
between factors and map development to reflect the relative relationships among
them and can be used to investigate and solve complex and interrelated problems
[2].

2.1 Evaluating Low-Carbon Authorities’ Practice
Implementation

A fuzzy triangular number:

K = (p, q, r)

0, x ≤ p

y − p

− − − − −−, p < x ≤ s

s−p

A2(x) = t − x

− − − − −−, s < x ≤ t

t − s

0, x > u

Let u1 and u2 are two triangular fuzzy numbers [3]. The essential tasks of those
numbers are as per the following:

u1 + u2 = (p1 + p2, q1 + q2, r1 + r2) (1)

u1 − u2 = (p1 − p2, q1 − q2, r1 − r2) (2)

u1 ∗ u2 = (p1 ∗ p2, q1 ∗ q2, r1 ∗ r2) (3)

u1/u2 = (p1/p2, q1/q2, r1/r2) (4)

u1 ∗ n = (p1 ∗ n, q1 ∗ n, r1 ∗ n) (5)
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On this paper, the changing fuzzy actualities into fresh scores (CFCS) defuzzifi-
cation procedure is pursued.

The CFCS strategy incorporates a five-step calculation permit [4].

ξ k
i j =

(
rki j , s

k
i j , t

k
i j

)
demonstrate the fuzzy assessment of evaluator n (n = 1, 2, 3,

…, n) roughly the recognition to which the item I influences the article j. The CFCS
strategy finishes the ensuing advances:

(1) Normalization

yp ij
n = p ij

n -- min p ij
n

Ɲmax
min

) (6)

yq ij
n = q ij

n -- min q ij
n

Ɲmax
min

) (7)

yr ij
k = r ij

n -- min r ij
n)

Ɲmax
min

(8)

where Ɲmax
min =  max q ij

n - r ij
n

2.2 DEMATEL

The DEMATEL approach transformed into cutting edge by method for Geneva
explores focus of Battelle commemoration institute. The connections between
gadget-added substances with the quantitative depicted qualities of the connections
are depicted by the frameworks or diagrams [5]. The DEMATEL procedure expects
a contraption which contains a fixed of parts C = C1, C2, …, Cn, with pair savvy
relations that might be assessed.

DEMATEL might be deteriorated into four ordinary dimensions:

Step 1 Produce a pair-wise direct-relation matrix among machine components thru
decision maker enter.

Step 2 Decide the preliminary have an impact on matrix by way of normalizing the
direct-relation matrix [6].
Based on the general fresh direct-connection framework Z, the standardized
direct-connection network m can be acquired through articulations (10):

k = q.t (9)
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T = 1

Max
k∑

J=1
Ki j

, O, j = 1, 2, n, k

Q = 1

Max
k∑

J=1
Ki j

, O, j = 1, 2, n, k (10)

Step 3 Determination of total relation (influence) matrix.
The total relation matrix (T ) is determined by expression (11) where I
represent an n × n identity matrix.
Compilation of complete connection (impact) matrix.
The complete connection framework (T ) is controlled by articulation (11)
where I speak to a character grid.

T = L1 + L2 + L3 + · · · =
∞∑
I=1

Li = L(I − L)−1 (11)

Step 4 Decide the thought process connections (noticeable causal graph) among
the segments and relative qualities [7].
Right off the bat, push (Ri) and section (Dj) entireties for each line i and
segment j from the entire connection network T are obtained, through the
consequent detailing (12) and (13):

n

Ri = ∑ Rij  ¥ O
J=1

(12)

n

Cj = ∑ Rij ¥ U
J=1

(13)

The column esteems Ri represents the general immediate and slanted impact
of a hindrance I on various deterrents, even as the column values Dj speaks
to the general, immediate and diagonal results of the considerable number
of impediments on obstruction j.
Additionally, the general noteworthiness or unmistakable quality (Pi) of
an obstruction ‘I’ and net impact (Ei) of hindrance ‘I’ is chosen, through
articulations (14) and (15) [8].

Pi = {
Ri = Dj |I = j

}
(14)

Ei = {
Ri = Dj |I = j

}
(15)
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Pi illustrates general procedure or significance of barrier ‘I’ regarding the
overall relationships with other obstacles. The bigger is the price of pi, then
the extra overall prominence of barrier ‘I’. If Ei > zero then barrier ‘I’ is a
net purpose for different inexperienced dealer development programs. If Ei

< 0, barrier ‘I’ is predicated on (internet impact of) operation of different
obstacles [13].
The entire procedure of the fuzzy principally based DEMATELmethod with
consideration of FCM could be done as pursues.

3 Case Study

3.1 Some Applications of the Fuzzy-Applied DEMATEL

Underneath the weight of reasonable improvement, numerous close-by Indian
governments have attempted to incite GLCP1. In any case, numerous boundaries
obstruct the ground-breaking usage of GLCP. The data are taken from the northern
part of India.

At that point, the twelve constraints are given to the authorities to finish the pair
shrewd similar examination for DEMATEL. The accompanying case represents how
one respondent completed our proposed fuzzy DEMATEL procedure to assess the
hindrances of GLCP and their interrelationship2 [9].

Stage one: Draw a fuzzy pair-wise influence appraisal scale for the evaluations.
A five-phase scale with the things of N (no impact), VL (exceptionally low impact),
L (low impact), H (high impact), and VH (extremely high impact) is utilized inside
the paper. The fuzzy semantic scale is demonstrated in Table 1.

Table 1 Some barriers are used in study

No. Barriers

q1 Short of buying employees global knowledge

q2 Short of expertise in the way to put into effect GLCP

q3 Problem of measuring total price on environmental impact

q4 Problem of measuring environmental effect of a few big impacts

q5 Notion of poor first-rate unpracticed merchandise

q6 Notion of very redundant operations for GLCP

q7 Lack of pinnacle management dedication

q8 Loss of middle management assists

q9 Awareness on assisting local price

q10 Company’s subculture of resisting advancements

q11 Lack of mixing GLCP within different larger corporation initiatives

q12 Short of internal conversation [13]
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Table 2 Fuzzy-based
operating scale

Linguistic terms Triangular fuzzy numbers

Zero change (N) [0.001,0.001,0.25]

Sharp little change (VL) [0.001,0.25,0.5]

Little change (L) [0.25,0.51,0.75]

High change (H) [0.5,0.75,1.0]

Very high change (VH) [0.75,1.0,1.0]

Stage two: Increase the fuzzy direct-connection network X through presenting
the fuzzy pair-wise sway connections between the restrictions in a lattice. Note that
everyone has essential corner of components, to begin with set to a fresh cost of zero
(“N” = no impact). Table 4demonstrates the etymological scale direct-connection
grid completed by means of one respondent. At that point, the etymological scales
in Table 2 might be converted into triangular numbers by utilizing the utilization of
Table 2 [10].

Stage four: Setting up and perusing the basic model. In view of on the under-
lying direct connection fresh lattice Z, the standardized direct connection framework
M is acquired. Further, the full-connection network T is resultant. At that point, the
reason/sway connections (noticeable causal graph) among the parts and relative qual-
ities can be chosen. Table 3 exhibits the unmistakable quality and web reason/sway
estimations of the twelve limits. Figure 1 is the noticeable quality causal DEMATEL
diagram [11].

Stage five: bunching similar snags into different organizations. FCM is utilized
to characterize the different boundaries into associations. Association 1 incorporates
seven restrictions: q1, q2, q3, this fall, q5, q9, q10. Obstructions in foundation 1 are
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Table 3 Direct relation matrix Z

GLCP q1 q2 q3 q4 q5 q6 q7 q8 q9 q10 q11 q12

q1 0.03 0.50 0.03 0.04 0.03 0.04 0.04 0.04 0.73 0.73 0.97 0.03

q2 0.50 0.03 0.03 0.04 0.03 0.04 0.04 0.04 0.50 0.03 0.27 0.03

q3 0.50 0.73 0.03 0.04 0.73 0.04 0.04 0.04 0.50 0.03 0.03 0.97

q4 0.03 0.97 0.97 0.04 0.73 0.04 0.04 0.04 0.97 0.73 0.73 0.97

q5 0.73 0.73 0.73 0.04 0.03 0.04 0.04 0.04 0.73 0.03 0.73 0.97

q6 0.03 0.03 0.03 0.04 0.03 0.04 0.49 0.04 0.03 0.03 0.50 0.03

q7 0.03 0.03 0.27 0.04 0.03 0.25 0.04 0.04 0.03 0.03 0.03 0.03

q8 0.03 0.03 0.03 0.04 0.03 0.04 0.04 0.04 0.03 0.03 0.30 0.73

q9 0.03 0.03 0.03 0.04 0.27 0.04 0.04 0.04 0.03 0.97 0.73 0.97

q10 0.03 0.03 0.03 0.04 0.50 0.04 0.04 0.04 0.03 0.03 0.73 0.73

q11 0.03 0.03 0.03 0.04 0.50 0.04 0.04 0.04 0.03 0.97 0.03 0.73

q12 0.03 0.03 0.03 0.04 0.73 0.04 0.04 0.04 0.03 0.03 0.97 0.03

Fig. 1 The grouping after effect of noticeable causal DEMATEL chart

described by utilizing having remarkably high r and d esteems, even as they play
increasingly pivotal position of affecting distinctive hindrances [12].

4 Discussion

Inside the exemplified case, the area government endeavored to comprehend the
limits to GLCP through the utilization of the proposed philosophy. Right off the bat,
q5 (degenerate practices penance potential chances of a couple of green providers)
and q11 (conviction of larger top of the line of green items) are analyzed as the
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two most basic obstructions that require fundamental and exceptional attention. In
venture with Table 4 and Fig. 1, q5 (2.53) and q11 (2.52), with over the top R +
D scores, are the two hindrances have the most dominant penchant of associations
with various constraints. This implies defilement may understand by obstructs a few
open doors for green providers and along these lines confinement the viable usage
of GLCP. Full-measure intrigue wants to be given to tending to debasement as an
approach to advance the viability of GLCP. Table 4 distinguishes factor this fall is the
thought process boundarywith themost noteworthy r −d score. Indian neighborhood
governments may likewise take in preparing from the specific reasonable GLCP
rules starting from advanced worldwide areas/zones. Be that as it may, considering
the excellent monetary and business skills existing among various Indian nearby
governments, the outside encounters of test GLCP will expect changes to sound with
Indian exact circumstances. Likewise, q12, with the least r − d rating, is the effect
hindrancewhich canbe empoweredbymethodof various obstructions.Thedeterrents
of this fall and q5 were examined.With the second onemost astounding R−D score,
component q3 (loss of top control responsibility) should likewise be assessed and
considered. A few ecological bundles blur because of poor top administration help.
Indian better authorities for themost part givemore noteworthy consideration to their
outstanding execution necessities. The cutting edge of general execution assessment
framework in India stresses budgetary markers which incorporate GDP increment
extent, bringing down accentuation on greening signs and practices.

Table 4 Level of noticeable quality and net reason/impact esteems

S. No. R Addition D Addition R + D R − D

q1 3.21 2 5.21 1.21

q2 1.58 3.17 4.75 −1.59

q3 3.68 2.24 5.92 1.44

q4 6.26 0.48 6.74 5.78

q5 4.84 3.64 8.48 1.2

q6 1.32 0.69 2.01 0.63

q7 0.85 0.93 1.78 −0.08

q8 1.37 0.48 1.85 0.89

q9 3.22 3.64 6.86 −0.42

q10 2.27 3.64 5.91 −1.37

q11 2.51 6.02 8.53 −3.51

q12 2.04 6.22 8.26 −4.18
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5 Conclusions

In developing worldwide areas, specialists of low carbon obtainment may likewise
go about as a fundamental riding power to increase feasible improvement. This truth
is not constantly lost in India. However, government low carbon obtains in India
keeps on being confronting limited usage. To address the issues experiencing GLCP
reception in India, diverse variables that may add to restrict appropriation of this
training are examined. Along these lines, this paper completes a similar assessment
utilizing a fuzzy DEMATEL-based technique to find the relative relationship and
significance of many boundaries, explicitly of the metropolitan stage. By methods
for consolidating FCM into technique, hindrances are additionally named into one of
kind groups. This hypothesis is beneficial for leather, metal, textile, iron, production
industries, etc.

Our proposed methodology effectively expands the DEMATEL approach for
incorporating each of a fuzzy set idea and fuzzy grouping approach. Accordingly, it
can proficiently manage the inconveniences of ill defined and fragmented records.
Furthermore, the grouping examination lets in an additional efficient comment of the
interrelationships among GLCP hindrances.

With the guide of the utility of the proposed method in an Indian city, this paper
gets contribution from genuine government officers. The evaluation results show
the reason-impact pursuing among the limits and a lot of valuable experiences into
successfully forcing GLCP had been given.
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Air Jet Erosion Behavior of AA 6082 T6
Aluminum Alloy

Gyanesh Mangal, Vinod Kumar, and Siddhartha

1 Introduction

Solid particle erosion wear is one of the modes of wear; it is the progressive loss of
material due to striking of solid or liquid particles or mixture of both on the solid
surface of material . This wear phenomenon occurs in many industrial equipments
andmachinery for example automobile components, hydraulic turbines, aeronautical
equipments, wind turbines, marine parts, automobile parts, etc.[1]. In erosive wear
environment, aluminum alloys are extensively used because of their ease of manu-
facturing, high strength to mass ratio, relatively low manufacturing cost and high
corrosion resistance. These alloys replaced conventional materials due to their supe-
rior specific properties [2–4]. Many researchers have examined [5–10] that erosion
rate of materials is dependent on different parameters. Impact velocity, impingement
angle, erodent size and standoff distance are acknowledged as some factors that
noticeably affect the erosion rate of various materials. In general, impact velocity
influences the erosion rate more than any other parameters. Erosion rate is dependent
on impact velocity of erodent and is given by power law [11] (Er= kVn). The value
of ‘n’ varies between ‘2.0 and 3.5’ for metallic materials. This velocity exponent
(n) could go up to 6.5 for brittle materials [12]. Influence of impingement angle on
erosive wear has been examined by many researchers. Neilson et al. [13] developed
the relationship between erosion wear and impingement angle. Desale et al. [14]
found that in ductile materials, maximum level of erosion occurs between impinge-
ment angles of 150–300 which decrease continuously with further increment of the
impingement angle up to 900. According to different researchers, most extreme wear
rate of ductile materials was found between 150 and 450 impingement angle, while
for brittle material like glass, maximum wear rate occurred at 900. Bitter [15] exam-
ined that deformation wear occurred when the erodent particles impinge normally
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Table 1 Chemical composition of alloy sample (weight %)

Si Mg Mn Fe Cr

0.928 0.909 0.552 0.240 0.087

Cu Ti Zn Ni Al

0.022 0.029 0.016 0.003 Balance

to material surface, while cutting wear phenomenon was obtained on the parallel
impingement of particles. Clark and Wong [16] observed that with reduction in the
erodent size, the kinetic energy of particle also reduces, and the striking of smaller
erodent may not be adequate to start material removal because of their lower kinetic
energy. Rao et al. [17] examined that the solid particle erosive mass loss decreases
with increment in standoff distance at a particular impingement angle. Chowdhary
et al. [18] examined that erosion rate of aluminum alloys continuously decreases
with increase in standoff distance.

2 Experimental Details

2.1 Specimen and Properties of Material

The materials used for the experimental purpose was AA 6082-T6 aluminum alloy
which has excellent erosion corrosion resistance with medium fatigue strength and
highest strength among 6xxx series. It is a heat-treatable alloy with excellent forma-
bility and simple to complex profiles can be produced by extrusion. AA 6082-
T6 aluminum alloy used in this study was supplied by ‘Bharat Aerospace Metals,
Mumbai-400004’ in the form of 300mm× 300mm× 5mm sheets. Rectangular type
samples of size 30mm*30mmwere prepared by using simple hacksaw.Acetonewas
used to clean the samples before and after erosion wear tests. The chemical compo-
sition of aluminum alloy was measured and listed in Table 1. The erodent particles
used in experiments are dry quartz type silica sand which is separated in three groups
of grain sizes (150–300, 300–450, 450–600 µm). The weight of the specimens was
measured up to four decimal place by using electronic weighing machine. Erosion
rate was calculated from weight loss per kilogram of erodent particles.

2.2 Erosion Wear Testing Apparatus

In present research, solid particle erosion wear tests were performed on DUCOM—
Modal TR 517, air jet erosion tester as shown in Fig. 1. The tests were conducted
in accordance with ASTM G 76 standard. Erodent particles were fed at the rate of
5 gm/min through the nozzle to perform the experiments. Sand particles were filled
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Fig. 1 Air jet erosion wear
testing apparatus

in the hopper which is placed at upper side of the apparatus. The erodent impinges
at the surface of specimen with definite velocity through the 3 mm internal diameter
and 50 mm long nozzle which is made up of tungsten carbide. The specimen of size
30 mm × 30 mm × 5 mm has been used for erosion tests.

2.3 Taguchi Experimental Analysis

According toTaguchi experiments, 27 experimentswere performedas perL27 orthog-
onal array and erosion rate of performed experiment with S/N ratio are presented
in Table 2. The investigation of the trial results was done with the help of software
‘MINITAB18’.

The mean for S/N ratios is calculated to be −36.6821 dB for Al alloy. After
analyzing the results, it can be recognized that set of factors impact velocity with
30 m/s, angle of impingement 900, erodent size of 600 µm and standoff distance
25 mm, i.e., A1B3C3D3 give minimum wear rate for aluminum alloy AA6082 T6
as shown in Fig. 2. From Fig. 3, it can be examined that interaction between impact
velocity and impingement angle is strong because the lines interact with each other,
while the moderate interaction occurs between the parameters velocity of impact
and particle size, and between the parameters impingement angle and erodent size
because lines are not parallel. Thus, it can be recognized from the present analysis that
impact velocity is most influencing parameter of erosion characteristics of AA6082
T6 aluminum alloy.
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Table 2 Experimental design using L27 orthogonal array for AA 6082 Al alloy

S. No. Velocity of
impact (m/s)

Impingement
angle (deg)

Erodent size
(micron)

Standoff
distance
(mm)

Erosion
rate
(mg/kg)

S/N ratio
(dB)

1 30 30 300 15 57.6 35.2084

2 30 30 450 20 42.8 −32.6289

3 30 30 600 25 27.3 −28.7233

4 30 60 300 20 62.4 −35.9037

5 30 60 450 25 44.4 −32.9477

6 30 60 600 15 60.1 −35.5775

7 30 90 300 25 26.4 −28.4321

8 30 90 450 15 35.2 −30.9309

9 30 90 600 20 22.6 −27.0822

10 50 30 300 20 89.4 −39.0268

11 50 30 450 25 69.0 −36.7770

12 50 30 600 15 109.6 −40.7962

13 50 60 300 25 90.0 −39.0849

14 50 60 450 15 138.4 −42.8227

15 50 60 600 20 99.4 −39.9477

16 50 90 300 15 54.2 −34.6800

17 50 90 450 20 47.8 −33.5886

18 50 90 600 25 29.1 −29.2779

19 70 30 300 25 98.4 −39.8599

20 70 30 450 15 157.8 −43.9621

21 70 30 600 20 135.8 42.6580

22 70 60 300 15 186.4 45.4089

23 70 60 450 20 165.1 −44.3549

24 70 60 600 25 104.6 −40.3906

25 70 90 300 20 69.2 −36.8021

26 70 90 450 25 60.2 −35.5919

27 70 90 600 15 79.0 −37.9525

2.4 ANOVA and Influence of Factors on Erosion Rate

ANOVA is applied to determine statistical significance of various parameters on
erosionwear rate. Table 3 shows outcome ofANOVA for erosionwear. ANOVA table
consists of certain terminology and their value. It can be concluded from Table 3, that
% contribution of velocity of impact and impingement angle are equal to 52.05% and
33.41%, respectively, and have high effect on the erosion wear in comparison with
standoff distance (10.72%) and erodent size (1.46%)which are less significant.While
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Fig. 2 Effect of control factor on erosion

Fig. 3 Interaction graph for erosion

the interaction point of impact velocity and impingement angle (1.16%) has more
critical effect on erosion rate as compared to interactions between impact velocity
and erodent size (0.69%), impingement angle and erodent size (0.30%). P-values
given in the table state significance level of main effects. From ANOVA table, it
is seen that impact velocity has p value of 0.000, impingement angle has p value
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Table 3 ANOVA

Source DOF Seq. SS Contribution (%) Adj. SS Adj. MS F-value P-value

A 2 357.265 52.05 357.265 178.633 737.69 0.000

B 2 229.295 33.41 229.295 114.647 473.45 0.000

C 2 10.003 1.46 10.003 5.001 20.65 0.002

D 2 73.593 10.72 73.593 36.796 151.96 0.000

A * B 4 7.968 1.16 7.968 1.992 8.23 0.013

A * C 4 4.766 0.69 4.766 1.192 4.92 0.042

B * C 4 2.058 0.30 2.058 0.514 2.12 0.196

Error 6 1.453 0.21 1.453 0.242

Total 26 686.401 100.00

of 0.000, erodent size has p value of 0.002, standoff distance has p value of 0.000,
and hence, significance level of all these four parameters is higher. However, in the
analysis of interaction of impact velocity and angle of impingement has p value of
0.013 lesser than the other two sets of interactions. If the p value is lesser, it shows
that its significance level is higher. Hence, interaction of impingement angle and
erodent size (p = 0.196) has lower significance as compared to factor interaction
impact velocity and impingement angle (p = 0.013) and factor interaction impact
velocity and erodent size (p = 0.042).

3 Results and Discussion

Erosion graphs are drawn from the results of experiments performed for various
impact velocities with varying erodent sizes keeping other parameters constant at
impingement angle of 30°, 45° and 75° as shown in Fig. 4a–c. It can be concluded
that erosion rate increased with increase in velocity and erodent size at all impinge-
ment angle. Erosion graphs are drawn from the results of experiments performed for
various impingement angles with varying impact velocities keeping other parameters
constant at erodent sizes of 300, 450 and 600 µm are shown in Fig. 5a–c. It can be
concluded that erosion rate firstly increased with increment in impingement angle
up to 45° but then decreased to minimum at 90° impingement angle. This trend is
same across all velocities. Further, when the velocity is increased from 30 to 70 m/s,
the erosive wear rate also increases for all type of erodent sizes.
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Fig. 4 Variation of erosion rate with variation in impact velocities and erodent size at standoff
distance of 20 mm (impingement angle: a 30°, b 45° and c 75°)

4 Conclusion

1. Erosion wear is a serious problem in components made with Al alloys such as
truss, cranes, high stress application, bridges, transport industry and beer barrels.

2. It was found that erosion wear of aluminum alloy is dependent upon velocity of
impact, impingement angle, erodent size and standoff distance.

3. Taguchi design approach was used as design of experiment with the help of
MINITAB 18 software, and ANOVA was used to investigate the erosion rate
of alloy. It can be conclude that velocity of impact and impingement angle are
significant factors for erosion rate of AA6082 T6 aluminum alloy.

4. The overall mean for S/N ratios of the erosion is found to be −36.6821 db for
aluminum alloy. After analyzing the result, combination of factors A1 (Velocity
of impact 30 m/s), B3 (Impingement angle 90°), C3 (Erodent size 600 µm) and
D3 (Standoff distance 25 mm) was found for minimum wear rate.

5. Erosion rate of alloy is maximum at 45° impingement angle. Firstly, it increases
up to 45°, and then, it decreases gradually up to 90° for all type of erodent size
and impact velocity.
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Fig. 5 Variation of erosion rate with variation in impingement angle and impact velocity at standoff
distance of 20 mm (erodent size: a 300 µm, b 450 µm and c 600 µm

6. It can be concluded that the erosion wear continuously increases with increase
in velocity of impact and erodent size.
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Muscular Discomfort in Occupational
Motorcycle Riding

Mohd Parvez, Abid Ali Khan, and Siddharth Bhardwaj

1 Introduction

Motorcycles have recently gained prominence for the delivery of goods and services
in the rapidly growing e-commerce sectors. The use of motorcycles in such occupa-
tions is increasing as motorcycles are fuel efficient, move quickly in congested traffic
jams and require less parking space. This wider use of motorcycles has favored the
genesis of occupational riders (delivery/pickup rider) in contrast to professional riders
like racers and policemen [1]. Despite the increased occupational use of motorcycles,
the health and safety issues of riders are however overlooked, thus imposing heath
risk and even early retirement from the job [2].

Motorcycle riding has been linked with developing muscular discomfort, lower
back and neck pain, forearm disorders, hand-arm vibration syndrome, sleepiness, etc.
[3, 4]. Thediscomfort andhealth issues associatedwith riding are directmanifestation
of the motorcycle design, the riding environment, and the physical and emotional
state of the rider (Fig. 1) [5].

Vibration exposure during motorcycle riding is one major factor responsible for
muscular discomfort and development ofWMSDs like hand-arm vibration syndrome
and lower back pain. Vibration transmission is dependent on the gripping force,
rider-seat interface pressure, foot peg reaction force and ride duration. The expo-
sure to vibration is further intensified by poor road profile, riding speed and poor
riding skill [6–9]. Excessive gripping and large clutch forces are also documented for
increasing the vibration transmissibility [10] as well as leading to chronic exertional
compartmental syndrome in rider’s forearm [11].

The estimation of muscular activity while riding is the direct manifestation of
the physical and physiological demand in moterccyle riding. Studies have been
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Fig. 1 Discomfort risk factors among motorcycle riders [5]

conducted to observe the effect of posture, riding conditions, clutching and gripping
pattern on the muscular activity and fatigue of the riders using surface electromyo-
graphy (sEMG) [12, 13]. Exposure to vibration has also been documented to cause
muscle fatigue [14]; however, its effect on muscular discomfort is less studied in
occupational riding.

The objective of the present studywas to investigate the vibration exposure, sEMG
activity of forearm muscles and subjective discomfort of the actively involved body
parts in motorcycle riding. The study is a foreword step in learning the interactive
aspect of vibration and muscular activity during motorcycle riding. The results can
be used in improving the motorcycles’ ergonomics.

2 Methodology

In the present study, conducted on two participants, vibration was recorded at rider-
seat interface, while the sEMG activities of flexor carpi ulnaris (FCU) and biceps
brachii (BB) were recorded during simulated ride experiment. Finally, the perceived
discomfort score of the 13 body parts from the participants was obtained after the
ride compilation. The recorded data were post-processed to evaluate the muscular
fatigue andwhole-body vibration (WBV) exposure. It was assumed that themuscular
discomfort and fatigue of hand arm are caused solely by motorcycle riding, while the
WBV exposure of the rider is caused by the combined effect of road and motorcycle
vibration.
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2.1 Design of Experiment

The experiment consisted of a participant riding the motorcycle in a closed loop
circuit for 20 min on a good category bitumen road with no speed breakers and
traffic at a speed of 30 ± 5 km/h. Vibration exposure from the seat, and bilateral
measurement of sEMG activity of flexor carpi ulnaris (FCU) and biceps brachii
(BB) were recorded during the ride. The subject rode their own motorcycles in the
experimental trials. Both localized and overall discomfort rating were obtained by
showing the Borg CR100 discomfort scale and 6 point ISO 2631-1:1997 discomfort
scale before the start and after completion of the riding task in each experimental
trial [9].

2.2 Participants

Two university post-graduation students (male, average age 27 years) were recruited
for the study. Both the participants had at least 7 years of experience in riding motor-
cycles. The participants reported no prior history of injury and health condition. Prior
to the experiment, a signed consent was obtained from the participants as per the
ethics committee of the university.

2.3 Instrumentation

sEMGwas recordedusingbipolarEMGelectrodesBiometricsREFSX230.Aground
electrode was placed on the mastoid bone on the back of ear for attenuing high-
frequency DC noise. Whole-body vibration (WBV) was recorded at the driver seat
interface using a tri-axial seat pad accelerometer (Biometrics ACL 300) (standard
protocol of ISO 2631-1:1997[15] was followed). Both sEMG and WBV data were
recorded during experimental trial at a sampling rate of 1000 Hz using a portable
Biometrics DataLOG (MWX8) logger. Figure 2 shows the sensor interfacing.

2.4 Procedure

First, the participant was briefed about the experiment and riding condition. Next,
sEMG electrodes were placed at the respective muscles after cleaning the skin as
per SENIAM standard (Fig. 1a). The tri-axial accelerometer was placed on the seat
of the motorcycle (Fig. 1b) on which the participant was asked to sit. Once the
participant sits comfortably, the sensors were connected to the respective channels
of the data logger attached to the wrist belt of the participant as shown in Fig. 1c
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Fig. 2 Sensorial setup. a sEMG electrodes, b seat pad accelerometer and c data logger

and data acquisition was initiated. Following the sensorial setup, the participant was
asked to provide discomfort rating after which the experimental trial wasmade. After
completion of the ride, the participants were again interviewed for discomfort rating
and the data acquisition was stopped.

2.5 Approach for Analysis

The logged data file for sEMG and accelerometer were first encoded in ASCII format
for use in LabVIEW (ver 12, National Instrument, USA) environment for analysis.
A custom-made LabVIEW program was used to evaluate median frequency slope
(MDF slope) of the muscle groups for detecting muscle fatigue.

Vibration analysis was done as per ISO 2631-1 standard. Vibration dose value
(VDV) of each individual axis (VDVx, VDVy and VDVz) as well as total VDV was
calculated as a measure of discomfort due to WBV exposure [16].

The overall discomfort and local discomfort rating were taken minimum of the
rider’s response before riding conditions and maximum of the rider’s response after
the riding to assess subjective discomfort.

3 Results and Discussions

The evaluated MDF slope of the sEMG data for the BB and FCU muscle groups of
both arms is shown in Fig. 3a separately for each participant. For both the partici-
pants, the MDF slope was found to be negative which indicates that BB and FCU
were fatigued during the riding task. However, the muscles of both the participant
were fatigued differently. For participant 1, Right_FCU was most fatigued muscle
while Right_BB was least fatigued. This observation was reverse in cases of partici-
pant 2, where the most fatigued muscle group was Right_BB and least fatigued was
Right_FCU. This different pattern might be because of the different elbow flexion
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Fig. 3 a MDF slope of muscle groups and b vibration dose value of the rider

angles and wrist deviation while riding for the two participant, as it was shown previ-
ously that flexion of elbow and wrist deviation is related to the different work done
by muscle group [17, 18]. Other reasons for this observation might be frequency of
the use of front brake lever, wrist movement during throttling and hand-arm vibration
transmissibility from the two motorcycles.

The calculated axial and total VDV of both the participants are shown in Fig. 3b.
The VDV exposure value for both the riders was found to be more than 2 times
higher the HGCZ (VDV= 17 m/s1.75) as prescribed by ISO 2631-1:1997 [15], which
demands to limit the vibration exposure by ergonomic interventions. Exposure to
WBV is a serious concern in occupational riders, as they are exposed to such high
levels of vibration for up to 8 h on daily basis, which may aggravate the risk of
potential vibration hazard.

The overall discomfort (Fig. 4a) as well as local discomfort (Fig. 4b) was found
to be increased after 20 min of riding. Most affected body parts were found to be
wrist and palm followed by lower arm, ankle/foot, lower back, buttocks and neck.
This is also supported by the fact that slope of MDF was found to be negative for
both BB and FCU muscle group. This discomfort may lead to muscular fatigue and
hence risk of musculoskeletal disorder and fatalities if occurs for prolonged duration
of time like in case of occupational riding. Therefore, it demands the ergonomic
interventions in motorcycle design to reduce the discomfort.

4 Conclusions

The present study showed that motorcycle riders suffer vibration exposure (VDV =
38 m/s1.75) more than twice the limit set by Health Guideline Caution Zone (HGCZ:
VDV = 17 m/s1.75) of ISO-2631-1:1997. For occupational riding, such a high-level
vibration is extremely hazardous that must be reduced to a permissible level. Further,
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Fig. 4 a Overall discomfort of the rider and b local discomfort of different body parts before and
after riding

the wrist and palm were the most reported discomfort site by the riders, and this was
in positive agreement with the sEMG activity of the forearm muscles. Discomfort in
the palm and wrist may be reduced by redesigning of the human coupling with clutch
and brakes in occupational setting. The present study had observations only from two
subjects, and further study is necessitated considering more samples from occupa-
tional and non-occupational groups to understand the effect of hand-arm vibration
and manual controlling actions of the rider on discomfort in wrist and palm.
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Group Preventive Maintenance Model
for Multi-unit Series System: A TLBO
Algorithm-Based Approach

Aseem K. Mishra, Divya Shrivastava, and Harsh Gupta

1 Introduction

Group maintenance planning decisions provide the economic benefits to the indus-
trial systems in terms of reduced downtime and production losses. For instance, in
a series production system, stoppage of one component due to scheduled preventive
maintenance (PM) or failure may stop the whole system. This brings opportunity to
perform PM on other components. This type of maintenance is generally referred as
opportunistic maintenance (OM). To address this issue, several maintenance models
have been proposed by researchers with an objective to minimize the total mainte-
nance cost and to improve reliability and availability of the system [1]. However,
researchers are facing several challenges in achieving toward optimum solution in
this aspect. One such challenge is the stochastic behavior of machine failure. Mostly
simulation and optimization techniques are utilized to deal with such situations.

A large amount of research in groupmaintenance optimization is available in liter-
ature which is beyond the scope of this article to include all contributions. Rather
we refer the readers to the related review by Nicolai and Dekkar [2] and Samat
and Kamaruddin [3, 4] for the comprehensive review of research works in this area.
Since the group maintenance models involve large number of potential optimal solu-
tions, researchers have frequently appliedmeta-heuristics in order to retrieve the near
optimal solutions. For instance, Chalabi et al. [5] applied particle swarm optimization
algorithm to solve a group PM model for multi-unit series system. An opportunistic
group maintenance model with imperfect PM was proposed by Tambe et al. [6] to
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minimize the expected total maintenance cost of the system. A genetic algorithm and
simulated annealing algorithms were applied to obtain near optimum solution. Some
of the latest research on group maintenance optimization are reported in literature [7,
8]. Although the group maintenance models proposed by researchers provide effec-
tive solutions, yet it appears from the literature review that most of approaches are
intractable as the problem size increases. This is due to complex nature of optimiza-
tion methods and grouping methodology which when combined leads to difficulties
in achieving the near optimum solution. Furthermore, it is very selective to identify
as to which group of components to be chosen for group maintenance as they have
stochastic, economic, and structural interdependencies [9].

The present paper proposes a novel and effective methodology for grouping of
components under PM intervals in a multi-unit series system. The objective is to
retrieve the optimum PM interval and group of components, which minimizes the
total maintenance cost per unit time of the system. A numerical example is adopted to
identify the effectiveness of the proposed approach. A recently developed algorithm
named teaching–learning-based optimization (TLBO) algorithm [10] is applied to
optimize the objective function. The specialty of TLBOas against other evolutionary-
based heuristics is that it is completely free from algorithm-specific parameters.
This is perhaps the first attempt of TLBO for maintenance optimization problems.
Computational results show the efficacy of the proposed approach as compared from
the traditional maintenance practices.

2 Problem Statement

2.1 Description of the System

In this paper, we consider a system with n units arranged in series. Each unit i ∈
{1, 2, . . . , n} undergoes two types of maintenance, corrective maintenance (CM)
which is performed upon failure and preventive maintenance (PM) which is done
to avoid failure. An age reduction-based periodic imperfect preventive maintenance
model is considered [11] which represent the practical situation that the age of the
component reduces to some level but not all the way to new. On the other hand, CM
is assumed to be minimally repaired. Each unit follows a two-parameter Weibull
distribution with an increasing failure rate, which can be expressed as:

λ(t) = β

η
×

(
t

η

)β−1

(1)

whereλ(t) is the hazard rate function at time t,β and η are the respective shape and
scale parameters for Weibull distribution. The expected number of failures are esti-
mated based on the well-known theory that the number of minimal repairs between
two consecutive PM follows a non-homogenous Poisson process (NHPP). It can be
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represented by a cumulative intensity function
∫ (ri+1)×opmi

ri×opmi
λ(t)dt , where ri is the rth

PM interval of component i and opmi is the optimum PM interval of the ith compo-
nent. The expected total maintenance cost per unit time of the system is minimized
pertaining to group PM activities which brings net savings in downtime cost of the
system as compared to the individual maintenance models.

3 Mathematical Models

This section explains the development of variousmaintenancemodels, which provide
the methodology of group maintenance planning in multi-unit series system.

3.1 Single-Unit Model

This model serves as initial solution to the proposed group maintenance model. It
refers to the identification of optimumPMinterval of each unit individually. It is based
on the traditional approach of determining the optimum PM interval by strike of a
balance between corrective and preventive maintenance cost [12]. The mathematical
model of single-unit maintenance approach can be written as:

Minimize Zi =
Npmi ∗

{
trpmi ∗ (

pr ∗ lpc + lc
) + C

pm
i

}
+ Nfi ∗

{
trcmi ∗ (

pr ∗ lpc + lc
) + Ccm

i

}
Tm

(2)

where

Zi Total maintenance cost per unit time of the unit i (Rs./h).
Npmi Number of PM intervals of unit i.
trpmi Time to repair for PM action of unit i (h).
pr Production rate (jobs/h).
lpc Loss production cost (Rs./job).
lc Labor cost (Rs./h).
Cpm
i Fixed PM cost of unit i (Rs./unit).

Nf Expected number of failures of unit i.
trcmi Time to repair for CM action of unit i (h).
Ccm
i Fixed CM cost of unit i (in Rs./unit).

Tm Mission time (in hours).

Thus, the optimum PM interval of unit i, opmi = Tm/Npmi can be obtained by
minimizing Zi as given in Eq. 2.
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3.2 Group Maintenance Model

In a group maintenance approach, it is assumed that PM interval of each component
will be nearest possible integer multiple of the minimum PM interval among the
components of the system. For instance, let opmmin = min

{
opmi

}
i∈{1,2,...,n} be the

minimum PM interval of all units in a system. The new PM intervals of units can
be estimated based on the integer multiple of opmmin as opm

′
i = αi ∗ opmmin where

opm′
i are the new estimated PM interval of unit i. In this way, PM can be performed

simultaneously on the grouped units having same PM intervals. However, this may
not be the optimal solution as small shift in the value of minimum PM interval
will create different integer multiples leading to large number of potentially optimal
solutions. Furthermore, even at the fixed value ofminimumPM interval, the rounding
off to nearest possible integer (low or high value) may create multiple solutions.
Therefore, the optimization problem becomes complex leading to decision variables
as minimum PM interval (opmmin) and the integer multiples (αi ).

Hence, a mathematical model to obtain the optimum PM interval and grouping
of components in order to minimize total maintenance cost can be formulated as
follows:

Minimize Zo =

⎡
⎢⎢⎣

(
Tm/opmmin

) ×
{
max

(
trpmi

)
i∈Gi

× (
pr ∗ lpc + lc

)}+
n∑

i=1

Tm(
αi ∗opmmin

) × C
pm
i +

n∑
i=1

Nfi ×
{
trcmi × (

pr ∗ lpc + lc
) + Ccm

i

}
⎤
⎥⎥⎦/Tm (3)

Subject to:

0 < opmmin ≤ max
{
opmi

}∀i ∈ {1, 2, . . . , n} (4)

1 < αi ≤ max{αi }∀i ∈ {1, 2, . . . , n} (5)

where Zo is the total groupmaintenance cost per unit time of the system.Thefirst term
in Eq. 3 represents the downtime cost of the system due to group PMwhich is reduced
in group PM approach. max

(
trpmi

)
i∈Gi

represents the maximum time to repair for PM
among grouped components whereas Gi denotes the components grouped together.
The second term of the equation signifies the fixed PM cost, which is independent of
grouping of units. The third term indicates the downtime and fixed cost of corrective
maintenance due to failures. Constraint 4 and 5 define the range of minimum PM
interval and integer variables, respectively.
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4 Solution Technique: TLBO Algorithm

This section presents the procedure of TLBO application to optimize the present
objective function. Teaching–learning-based optimization (TLBO) is a novel and effi-
cient meta-heuristic recently proposed by Venkata Rao [10]. It mimics the teaching–
learning process of human beings in a classroom. TLBO has been successfully
applied in various fields of engineering and sciences [13].

4.1 Application of TLBO to the Group Maintenance Model

In the present optimization problem, the decision variables are PM interval and
integermultiples. The steps involved in the optimization of present objective function
by TLBO algorithm are as follows:

Step 1 Initialize decision variables, i.e., PM interval and integer multiples (tpm and
αi), population size (ps) and number of iterations (it).

Step 2 Update the values of decision variable and solution based according to Eq. 6.

x ′
j,l,k = x j,l,k + r ∗ (

x jbest,k − T f ∗ μ j,k
)

(6)

where

x j,l,k Previous value of jth variable of lth population in kth iteration.
x ′
j,l,k Updated value of jth variable of lth population in kth iteration.

x jbest,k Best value of jth variable in the kth iteration.
Tf Teaching factor (Tf = 1).
μ j,k Mean of all values of jth variable in each population in the kth

iteration.
r Random number in the range U[0,1].

Step 3 Compare the solutions obtained from the updated variables in step 3 from
previous variables. If the value of objective function is less as compared to
the previous replace it otherwise retains the older one (This is the end of
teacher phase).

Step 4 In the learner phase, each candidate in the population will interact with other
candidate (selected randomly) to enhance the solution. The updated variables
after interaction are obtained as per the following equations

x ′′
j,l,k = x ′

j,l,k + r ∗ (
x ′
j,l,k − x ′

j,l ′,k
)

if Zolk < Zol ′k (7)

x ′′
j,l,k = x ′

j,l,k + r ∗ (
x ′
j,l ′,k − x ′

j,l,k

)
if Zol ′k < Zolk (8)
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where

x ′′
j,l,k Updated value of jth variable of lth population in kth iteration in the

learner phase.
x ′
j,l,k Previous value of the variable jth variable of lth population in kth

iteration (updated value in teacher phase).
x ′
j,l ′,k Previous value of the interacting variable of jth variable of lth

population in kth iteration (updated value in teacher phase).
Zolk Previous Value of objective function of lth population in kth iteration.
Zol ′k Previous Value of objective function of lth interacting population in

kth iteration.

Step 5 Compare the solutions obtained in the learner phase from the teacher phase
and update the better values accordingly. This is the end of learner phase.
This completes one iteration.

Step 6 Repeat the steps 2–6 until the number of iterations are completed.
Step 7 Report the near optimum solution.

Note that the above steps and equations are applied for both decision variables,
i.e., optimum PM interval (opmi) and integer multiples (αi) in the evaluation of total
expected maintenance cost per unit time of the system.

5 Results and Discussions

A numerical example of five components arranged in series is adopted to identify
the effectiveness of the proposed methodology. The input parameters of the each
component are given in Table 1. The common parameters include labor cost of 500
Rs./h, cost of lost production 40 Rs./job, and production rate of 20 jobs/h. Table 2
shows the results of optimum PM intervals and minimum expected maintenance cost
per unit time obtained from the single-unit model. From Table 2, it can be seen that
third component has minimum optimum PM interval of 46 h. The PM intervals of
other components can be represented as integer multiple of 46. The new estimated
PM intervals and integer multiples are shown in Table 2. The results indicate that

Table 1 Input parameters of multi-component system

S. No. Weibull parameters Cost parameters Time parameters

η β Cpm
i Ccm

i trpmi trcmi

1 480 1.8 1800 7460 4 11

2 500 1.9 2700 19,600 4 9

3 290 2.4 3700 22,500 7 17

4 900 2.5 4300 29,100 5 12

5 920 2.1 6800 36,600 8 20
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Table 2 Optimum solutions of single-unit model

S. No. Optimum
PM interval

Number of
failures

Total
maintenance
cost

PM ratio Integer
multiple

New PM
intervals

opmi Nfi Zi opmi/opmmin αi opm′
i

1 172 28.3 175 3.74 4 184

2 98 32.2 232 2.13 2 92

3 46 145.6 1534 1 1 46

4 183 13.6 214 3.98 4 184

5 232 8.8 256 5.04 5 230

components 1 and 4 form one group with optimum PM interval of 184 h. Units 2, 3,
and 5 have optimum PM intervals of 92, 46, and 230 h, respectively. This grouping
is known as initial group with total maintenance cost of Rs. 2156/h which is less
than sum of costs obtained from single-unit model. However, this might not be the
optimal solution as both PM interval and integer multiples are estimated values. To
retrieve the near optimal solution, the problem is optimized by TLBO algorithm. The
optimum solution is 4-1-1-4-4 with minimum PM interval of 54 h, i.e., components
1, 4, and 5 form a group with PM interval of 216 h and units 2 and 3 form another
group with 54 h of PM time.

Figure 1a shows the comparison of maintenance cost with three different
approaches. It is seen that the optimum group has a minimum cost of 1982 Rs./h
which shows approximate 9% savings from the initial group and 21% single-unit
model. Figure 1b depicts the grouped components with PM intervals. Thus, the
proposed methodology and optimization methods can lead to direct cost reductions
pertaining to maintenance optimization when applied to real industrial systems.

Fig. 1 a Cost comparison of different maintenance approaches and b optimum PM intervals of
grouped components
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6 Conclusions and Future Extensions

This paper proposed a group maintenance model for a multi-unit system to mini-
mize the total maintenance cost of the system. The grouping of units is performed
under PM intervals. A recently proposed TLBO algorithm was applied to opti-
mize the objective function. Computational results show that the proposed approach
yields 21% cost savings as compared to the traditional maintenance practices. Thus,
the proposed methodology can bring economic benefits to the real manufacturing
systems. Furthermore, group maintenance approach can be beneficial to contin-
uous production systems such as chemical plants and electrical power plants where
there is less scope of production stoppage due to maintenance. As a scope of future
research, the present approach can be applied for multi-objective optimization such
as increasing reliability and improve quality. Furthermore, TLBO algorithm can find
its application to other maintenance optimization problems as well.
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Parametric Investigation of a Rotational
Parabolic-Tapered Cantilever
with Elliptical Sectional Area Exposed
to Variable Thermal Gradient and Axial
Dynamic Load

Rakesh Ranjan Cahnd and Amit Tyagi

1 Introduction

Before going to design the blades for steam turbine and gas turbine, rotor blades,
robotic manipulators and substrate beam for rotational vibration energy scavengers,
etc., the stability study of the rotating beam is of much interest.

Rao and Carnegie [1] determined the natural frequencies of a cantilever using
Galerkin’s method under coupled torsional and bending vibration. Natural frequen-
cies of an irregular cantilever structure mounted on a gyrating disk were investi-
gated considering the polynomial frequency equation technique by Rao and Banerjee
[2]. A finite element formulation is presented by Thomas and Sabuncu [3] for the
stability analysis of a blade with irregular cross section. Shear center effects are also
included to inspect the dynamic instability of revolving and non-revolving bladed
disks. Banerjee [4] presented a dynamic stiffness matrix, and the three mode shapes
and natural frequencies of a cantilever of Timoshenko type were inspected. The
effects of the taper and stiffness of the foundation on the instability of an irregular
beam fixed on a flexible foundation, subjected to a constant temperature grade, are
analyzed by Kar and Sujata [5]. Nayak et al. [6] as well inspected the consequence
of fixed temperature grade on the static stability of an irregular sandwich structure
having viscoelastic boundary conditions at the ends.

But till now, no investigation has been conducted on a parabolic tape ring revolving
system subjected to a variable temperature gradient. The elliptical cross section will
definitely reduce the drag force on the system, and the taper profile will increase the
strength to weight ratio of the system.
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2 Modeling of the Problem

A revolving parabolic-tapered beam with an elliptical cross-sectional area of length
l mounted on a hub of radius B0, which rotates with a constant angular speed N .
An amalgamation of static and transient external force w(t) = w0 + w1cos(ωt) is
applied at the free end along the centroid of the cross section, where w0 and w1 are
the static and dynamic loads, respectively (Fig. 1).

With the assumption that the thermal gradient along the Y-direction is zero, and
considering ρ is the mass density, A(x) is the cross-sectional area at the standard
section, δ(x, t) is the transverse deflection of the axis of the cantilever, E(x) is the
elasticity modulus and I (x) is the area moment of inertia of the generic section of
the system, using the total potential and kinetic energy, and the work exerted due
to the external load in Hamilton’s equation as in Chand et al. [8] and considering
various non-dimensional parameters such as length

(
ψ = x

/
l
)
, transverse deflection(

δ∗ = δ
/
l
)
, time (τ = c × t),non-dimensional excitation frequency (ω∗), the non-

dimensional equation of motion can be written as;

[
S(ψ)T (ψ)δ∗′′]′′ + m(ψ)δ̈∗ + [

rgN
2
0 + w(τ)

]
δ∗′′ − N 2

0

[
q(ψ)δ∗′]′ = 0 (1)

δ∗(ψ, τ) =
N∑

r=1
δ∗
r (ψ) fr (τ ) In the above expression I (ψ) = I ∗ S(ψ), where

S(ψ) is the distribution of moment of inertia along the axis, T (ψ) is Young’s
modulus distribution function, m(ψ) is the mass distribution function,N0 is the non-
dimensional speed parameter. The series solution to the equation of motion can be
considered as.

Fig. 1 System configuration
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δ∗(ψ, τ ) =
N∑

r=1

δ∗
r (ψ) fr (τ ) (2)

where fr (τ ) and δ∗
r (ψ) are the time and coordinate function for the cantilever

structure chosen from Parida and Dash [7] and given below

ζr (η) = ( j + 2)( j + 3)ζ ( j+1) − 2 j( j + 3)ζ ( j+2) + j( j + 1)ζ ( j+3) (3)

With the help of Galerkin’s principle and replacing the assumed series solution,
the matrix form equation of motion can be acquired as

[M]{s̈} + [K ]{s} − {
w0[H ] − w1 cos

(
ω∗ × τ

)
[H ]

}{s} = {0} (4)

2.1 Formulation for Regions of Dynamic Instability

Introducing a linear coordinate transformation {s} = [L]{u}, where {u} characterizes
a group of novel generalized coordinates and bearing inmind, [L] be themodalmatrix
of [M]−1[K ], Eq. (4) can be rewritten as;

{ü} + [
ω2
n

]{u} + w1 cos
(
ω∗τ

)
[B]{u} = {0} (5)

where the frequency matrix
[
ω2
n

]
is equivalent to [M]−1[K ] and [B] =

−[L]−1[M]−1[H ][L]. Equation (5) can be stated as;

ün + ω2
n + w1 cos

(
ω∗τ

) N∑

m=1

bmnun = 0 (6)

The above equation illustrates a system of N-coupled complex Hill’s equations.
With the help of the Saito and Otomi formulations, the borders of the instability
zones for higher modes, i.e., simple resonance (ω = 2ωn, n > 1) and combination
resonance (ω = ωn + ωm, n �= m), are obtained for the undamped case.

2.2 Formulation for Static Buckling Load

Substituting {s̈} = {0} andw1 = 0 in Eq. (4) will characterize an eigenvalue problem
of [K ]−1[H ]{s} = 1

w0
{s}. The static buckling loads are found as the real parts of the
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reciprocal of the Eigenvalues of [K ]−1[H ]. The buckling loads,w0, for the first three
modes are found as andplotted against various rotational speeds and taper parameters.

3 Computational Results and Analysis

Computational results are as simulated using MATLAB coding for a number of the
performance affecting parameters like revolution speed, temperature grade and taper
parameter and presented employing a series of diagrams.

3.1 Dynamic Instability Plots

The permanence of the systemhas been inspected as; if a definite variation in a param-
eter narrows the instability zones, moves them to the higher excitation frequency and
decreases the total count of instability zones, then it is decided that the stability of
the cantilever has enhanced or else reduced.

Increase in revolving speed stabilizes the systembecause the centrifugal resistance
arises; as a result, the increased speed diminishes the consequence of the external
excitation as in Fig. 2.

Figure 3 shows that with arise in taper parameter α1, the stability zone moves
leftward and the size of the unstable regions surges, which imply the deterioration
instability with rising of α1.The variation of α2 has the same effect but less significant
than the variation of α1 as shown in Fig. 4. This is because of the stronger influence
of thickness dimension than that of the width. The first three natural frequencies of
the system for various parameters are given in Table 1.

Fig. 2 Instability plot of the system with D = 100, H = 50, l = 600, α1 = 0.001, α2 = 0.001 and
υ = 0.006
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Fig. 3 Instability plot of the system with D = 100, H = 50, l = 600,N0 = 2, α2 = 0.001 and υ =
0.006

Fig. 4 Instability plot of the system with D = 100, H = 50, l = 600,N0 = 2, α1 = 0.001 and υ =
0.006

3.2 Static Stability Plots

The results obtained for various parameters using a MATLAB code are presented
through a series of graphs.

Figure 5a shows that there is a slight increase of static buckling load with an
increase of revolving speed as with the increase of centrifugal force, the effect of
static buckling load declines. Rise in both the variation parameters decreases the static
buckling loads, as shown in Fig. 5b, c, and the rate of decrease of static buckling
load is higher in case of increase in thickness taper parameter.

4 Conclusions

The computational analysis using MATLAB program leads to the following conclu-
sions. The rise in revolving speed makes the system extra stable owing to the intensi-
fication in the centrifugal resistance force, which reduces the influence of the applied
axial force. The surges in the taper parameters lead to a reduction in the stability of the
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(a) (b) (c)

Fig. 5 Static buckling load plots for a different rotational speeds with α1 = 0.001 and α2 = 0.001,
b various minor axis taper parameters with N0 = 2 and α2 = 0.001, c various major axis taper
parameters with N0 = 2 and α1 = 0.001

rotating cantilever because of the decline in the flexural stiffness of the beamwith the
rise in taper parameters. For certain thermal gradient, stability is higher if it is taken
as constant and declines if taken as a variable because of the reduction in stiffness
of the cantilever structure under a variable temperature gradient. It is furthermore
noticed that any change in the radius of the hub has a very negligible consequence
on the transient instability of the structure as the centrifugal force generates predom-
inantly because of the beam span. The buckling load factor decreases with arise in
variation parameter and thermal gradient but surges with arise in rotational speed.
This investigation can be valuable for vibration isolation of revolving irregular struc-
tures with high neighboring temperature and moderate revolving velocities and the
design of the propeller and turbine blades, which requires a higher strength to weight
proportion by selecting the appropriate value of the parameters acquired from the
computational investigation.
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Analysis of E-Glass Fiber Wheel Rim
by Using ANSYS

Pankaj Singh Bisht and Ankita Awasthi

1 Introduction

Awheel is circular made of the hard and durable material, and its center is a borehole
circular in shape and connecteddirectlywith the axle of the vehicle aboutwhichwheel
rotates. The wheel’s moment is used to control the vehicle. When it is connected
the crank, the wheel produces or transmits energy. Earlier wheel rims are made up
of steel, but it has increased the weight and reduces the performance and speed of
automobiles. Aftermore improvising onmaterials, nowadays, aluminum is popularly
used as wheel rim material. Aluminum is lightweight material, provides aesthetic
look and supports the weight by giving appropriate strength. But in order to optimize
the performance and strength to weight ratio, high-end automobiles are using carbon
fiber.

Carbon fiber wheel rim: It is used by high-end automobile vehicles which require
performance and more durability than other conventional such as sports cars, super-
cars, formula one racing cars use the carbon fiber wheel rim. Since the performance
of carbon fiber-basedwheel rim is best andmore durable than conventionwheel rims,
but carbon fiber is costlier that is why for public comuters conventional wheel rims
are used. The basic geometrical need of supercars is that they require high strength to
weight ratio, toughness, resilience andgreat fatigue strength that iswhy the composite
material is used in the manufacturing of wheel rim to full body manufacturing.

E-glass is a class of carbon fiber which has high strength and no corrosive nature,
cheaper than the carbon fiber.

P. S. Bisht (B) · A. Awasthi
IILM-CET-AHL, Greater Noida, India
e-mail: pankajbisht0195@gmail.com

A. Awasthi
e-mail: ankita.awasthi@iilmcet.ac.in

© Springer Nature Singapore Pte Ltd. 2021
M. Muzammil et al. (eds.), Recent Advances in Mechanical Engineering, Lecture
Notes in Mechanical Engineering, https://doi.org/10.1007/978-981-15-8704-7_9

79

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8704-7_9&domain=pdf
mailto:pankajbisht0195@gmail.com
mailto:ankita.awasthi@iilmcet.ac.in
https://doi.org/10.1007/978-981-15-8704-7_9


80 P. S. Bisht and A. Awasthi

1.1 Types of Wheel Rim

(a) According to the dimensions, the wheel or rim is classified as follows:
1. Drop center wheel rim (DC)

It is the mounting which is shaped in slots or groove form in such a way that
there is thin gap between the bead seat parts, which placed on both sides of the
rim as shown in Fig. 1.

2. Wide drop center wheel rim (WDC)
The design of wide drop center wheel rim is very similar with drop center wheel
rim. In this, wheel’s width is expanded little bit in comparison with DC wheel
rim so that its lower flange is also elongated and made deeper. Such type of
design for lower rim is applied to low aspect ratio tires.

3. Wide drop center wheel rim with hump
This design has a hump and placed at the starting of the bead seat area of the
tire (Fig. 2).

Fig. 1 Drop center (DC) rim

Wide Drop Center
(WDC)

Rim Width

Rim Dia. Rim Dia.

Rim Width

Wide Drop Center
with Hump (WDC)

Hump

Fig. 2 Wide drop center (WDC) and wide drop center with hump wheel rim
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2 Basic Nomenclature of Wheel Rim

1. Wheel: When disk and rim integrated with each other, then they form wheel.
2. Rim: It is the integral part of the wheel over which the tire is seated.
3. Disk: It is directly connected to wheel and mounted over the hub of vehicle axle.
4. Bead Seat: It is another integral part of the rim. The purpose of bead seat is to

hold the tire in radial direction when radial forces applied toward the bead face.
5. Hump: The main purpose of hump is to prevent the tires for slipping from the

rim when the vehicle is running and under the influence of high forces.
6. Well: The well is structured in order to facilitate the easy withdrawal and tire

mounting over the rim (Fig. 3).

Fig. 3 Structure of wheel
rim
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3 Objective of Project

The main objectives of this study are as follows:

a. To show that multilayer wheel rim is suitable for high load and forces.
b. To show there is reduction in weight of wheel.
c. To show the stress in E-glass fiber in different orientation.
d. Wheel rim is designed as per JETMA.
e. The thickness of rim area of wheel is taken as 1 mm of seven layers.
f. The thickness of central part of wheel rim is taken as 1 mm of 14 Layers.

Problem Definition
To optimize the design of wheel rim, so that it will be more safe, lighter in weight
with great strength than the conventional Al Alloy wheel rim used in present days.
This paper has proposed the usage of E-glass fiber (Fig. 4; Table 1).

Fig. 4 Proposed 3D
designed CAD

Table 1 Specification of
proposed car wheel rim

S. No. Specification Value

1 Proposed width of rim (mm) 140 mm

2 Dia. of the rim (mm) 355 mm

3 Offset length (mm) 57 mm

4 Center hole dia. (mm) 40 mm

5 Thickness of the rim (mm) 7 mm

6 Dia. of stud hole (mm) 15 mm

7 Dia. of stud hole (mm) 68 mm

8 Number of stud holes 5 No’s
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4 Boundary Condition and Drawing

1. Fixed support is provided to set of five bolt-stud holes since wheel is seated over
the vehicle axle with the help of bolts through stud holes.

2. The load is applied at the center of the hub in y-direction. As hub is fixed through
the central hole of the rim so that maximum load is bore by this section. Total
bearing load (P) = 7769.5 N.

3. On the tire allocation area, there is slight pressure of 0.241 Mpa which acts
normally on the circumferential tread and flange portion of the wheel.

4. The diameter of tire as 550 mm, the proposed velocity of car rim taken 100 k
mph, i.e., 965 rpm.

5. From annexure of AIS-073 (part-2), moment is taken as 5.0969e + 5 N mm.
6. Friction force is provided into the inner face of center hole which comes in action

with axle (Fig. 5).

5 Static Analysis and Simulation of Composite Wheel Rim

The following load conditions will be shown in ANSYSWorkbench 15.0 in analysis
chapter (Fig. 6).

Variant-1
E-glass at [−25°, +25°] FW fiber orientation.

At ±25°, maximum deformation observed in flange area of the wheel rim shown
in Fig. 7 is 0.2364 mm (Fig. 8).

At±25° orientation of the lamina, there is maximum stress of 22.884 MPa at bolt
area.

Layer stack up at ±25° of lamina is shown in Fig. 9

Variant-2
E-glass at [−35°, +35°] FW fiber orientation (Fig. 10).

At±35° orientation of the lamina, there is maximum stress of 23.739 MPa at bolt
area.

At ±35°, maximum deformation observed in flange area of the wheel rim shown
in Fig. 11 is 0.2192 mm.

Layer stack up at ±35° of lamina is shown in Fig. 12.

Variant-3
E-glass at [−45°, +45°] FW fiber orientation.

At ±45°, maximum deformation observed in flange area of the wheel rim shown
in Fig. 13 is 0.20061 mm (Fig. 14).

At±45° orientation of the lamina, there is maximum stress of 21.736 MPa at bolt
area.

Layer stack up at ±45° of lamina is shown in Fig. 15.
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Fig. 5 Mechanical drawing

Variant-4
E-glass at [−55°, +55°] FW fiber orientation.

At ±55°, maximum deformation observed in flange area of the wheel rim shown
in Fig. 16 is 0.19384 mm (Fig. 17).

At±55° orientation of the lamina, there is maximum stress of 18.687 MPa at bolt
area.

Layer stack up at ± 45° of lamina is shown in Fig. 18.
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Fig. 6 Load condition for proposed wheel

Fig. 7 Total deformation of E-glass at [−25°, + 25°] FW orientation of fiber

6 Conclusion

After analyzing all the four variants of composite wheel rim, we have created a table
to show the stresses and deformation at different orientation angles of composite
material wheel rim at a specified mentioned boundary condition.
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Fig. 8 Max stress is observed in bolt area

Fig. 9 Layer stack up at [±25°] FW

Variants Orientation Total deformation Equivalent stress (MPa)

I ±25° 0.2364 22.884

II ±35° 0.2192 23.739

III ±45° 0.20061 21.736

IV ±55° 0.19384 18.687

• In current scenario, multilayered wheel rims are used in various automobile
OEM’s due to low weight and high strength along the wall thickness.

• Determined stress is less than allowable stress, so design is safe.
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Fig. 10 Max stress is observed in bolt area

Fig. 11 Total deformation of E-glass at [−35°, +35°] FW orientation of fiber

• E-glass fiber having orientation [−55, +55] FW has less equivalent stress than
currently using Al alloy wheel but greater deformation, which is allowed for safer
design of particular geometry.

• It has good strength, and weight is around 7.8 kg.
• E-glass is 25% lesser in weight, and proposed design is safer.
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Fig. 12 Layer stack up at [±35°] FW

Fig. 13 Total deformation of E-glass at [−45°, +45°] FW orientation of fiber

7 Future Scope

The paper includes the static stress analysis, optimizes the design of composite wheel
rim and reduces theweight of thewheel. In order to achieve greater strength toweight
ratio, an E-glass is selected with different fiber orientation. But there is further scope
in dynamic analysis of wheel rim, which includes the fatigue life of wheel rim.
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Fig. 14 Max stress is observed in bolt area

Fig. 15 Layer stack up at [±45°] FW



90 P. S. Bisht and A. Awasthi

Fig. 16 Total deformation of E-glass at [−55°, +55°] FW orientation of fiber

Fig. 17 Max stress is observed in bolt area
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Fig. 18 Layer stack up at [±55°] FW
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Modeling and Simulation of a Distillation
Column to Separate an Automotive Fuel

Asma Iqbal and Syed Akhlaq Ahmad

Nomenclature

L Liquid stream
P Pressure
F Feed flow rate
K Activity coefficient
V Vapor stream flow rate
RR Reflux ratio
Di Internal diameter
Cp Specific capacity
T c Critical temperature
Tj Temperature at jth stage
T r Reduced temperature
Vj Vapor flow rate from jth stage
Lj Liquid flow rate from jth stage
PSD Pressure swing distillation
LPC Low-pressure column
HPC High-pressure column
2-Methyl 2-Methylpyridine
xi,j Liquid mole fraction of ith component
yi,j Vapor mole fraction of ith component
h Enthalpy
m High- or low-pressure column
j Stage number
z Mole fraction at feed stage
λ Latent heat
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γ Activity coefficient of component
F Partial fugacity coefficient

1 Introduction

The physical and chemical properties of working fluids strongly influence the plant
efficiency, weight, and size of components, material of construction, etc. In some
cases, it even affects the cost of power plants. Therefore, a research program has
been initiated, which could help out to find the best working fluid for automotive
engines. Although many guidelines have been outlined for the selection of an appro-
priate working fluid including thermal stability, availability, and efficiency, the most
important being is that the fluid should be free from environmental hazards as well
as health hazards. Earlier, only ideal solutions were permitted for the use of working
fluids in external combustion engines, but due to the expansion of thermodynamic
techniques, non-ideal solutions were also used. A report based on experimental and
simulation studies suggests that 2-methylpyridine–water fulfills maximum criteria’s
to serve as a suitable automotive fuel for both combustion engines and reciprocating
turbines. 2-methylpyridine has higher energy efficiency, high thermal conductivity,
and is not susceptible to corrosion. Besides, it is compatiblewithmost of thematerials
and is reasonably priced. However, the use of 2-methylpyridine–water as an auto-
motive fuel requires strong corrosion-resistant steel or a more stable steel alloy. An
economic evaluation of different candidate automotive fuels was carried out which
suggest that 2-methylpyridine–water costs less in comparison to other fuels [1–4].

Since 2-methylpyridine serves as a good automotive fuel being non-hazardous
to humans, its energy value is considerably lower due to the presence of water in
it. Hence, a search based on the exploration of a separation method is a sought
attribute. The process which can effectively separate 2-methylpyridine from water
not only increases the fuel value of 2-methylpyridine–water but also eliminates the
risk of health hazards caused by this azeotropic mixture. This reason has become
the main motivation to carry out this work. This work is based on the exploration
of an appropriate separation technique for the 2-methylpyridine–water azeotropic
mixture.

Distillation, a separation technique, in process industries is used to separate impu-
rities, and other by-products from various processes to recover highly pure products.
It is a highly flexible process which involves low capital investment and low opera-
tional risk. However, the energy consumption of distillation columns is quite high, but
that can be addressed either by the implementation of different heat integration tech-
niques or by the optimization of the conceptual design of distillation columns [5, 6].
Frompast years, it has been observed that there is a tremendous rise in the applications
of distillation-based separation techniques because of the advantages of distillation
processes. One such distillation technique is based on the exploitation of pressure
sensitivity of azeotropicmixtures. The process is known as pressure swing distillation
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(PSD). It is quite similar to other distillation-based separation techniques; extractive
and azeotropic distillation, in a way that it also utilizes two distillation columns. But
the major difference of PSD technique concerning the other two techniques is that it
doesn’t require solvent (third component) to break the azeotropic point between two
components of a binary azeotropic mixture. Rather, the PSD technique exploits the
pressure-sensitive behavior of azeotropes. Therefore, the column arrangement in the
PSD method is a low-pressure column (LPC) followed by a high-pressure column
(HPC) or vice versa. The column arrangements can be decided based on the feed
composition and azeotropic composition also [7, 8].

This work is primarily focused on the pressure swing distillation technique, which
is used to separate 2-methylpyridine fromwater so that it can be used as an automotive
fuel for external combustion engines. The distillation columns are modeled first and
then simulated using simulation software of Aspen Plus V 8.8.

2 Modeling of Distillation Column

A steady-state mathematical model for the distillation columns has been devel-
oped. The equations include overall mass balances, energy balances, and summation
equations.

2.1 Total Mass Balance

Vm
j−1 − Vm

i + Lm
j+1 − Lm

j + Fm
j = 0

2.2 Component Balance

Vm
j−1y

m
i, j−1 + Vm

j ymi, j + Lm
j+1x

m
i, j+1 + Fm

j z
m
i, j = 0

2.3 Vapor–Liquid Equilibrium

yi, j = Ki, j xi, j

where K = γi, jφi L , j

φiV, j
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NC∑

i=1

ymj,i = 1

NC∑

i=1

xmj,i = 1.

2.4 Enthalpy Balance

Vm
j−1 j

v
j−1 + Vm

j jvj + Lm
j+1h

l
j+1 − Lm

j h
l
j + Fm

j h
f
j − Qloss = 0

The variation of enthalpy with temperature has been incorporated by use of the
following correlation.

h =
∫

Cpdt

H = h + λ

whereCp(J/kmol− K) = C1 + C2T + C3T 2 + C4T 3 + C5T 4

λ(J/kmol) = c1(1− Tr )
(c2+c3Tr+c4T 2

r )

Tr = T

Tc

The constants that appear in the specific heat (Cp) and latent heat (λ) equations
are taken from [9].

3 Steady-State Design and Simulation

The distillation column for pressure swing distillation technique has been modeled
using thermodynamic mass and energy balance equations. The next step is to design
and simulate a suitable column configuration for pressure swing distillation scheme.
In this design, a high-pressure column is followed by a low-pressure column to
separate two components of an azeotropic mixture effectively. All the design param-
eters, including number of stages in two columns, feed stage locations, reflux ratio,
etc., have been reflected in Fig. 1 (generated using a simulation software of Aspen
Plus). Now, the synthesized flow sheet is run in Aspen Plus V8.8 to simulate the two
columns. Once the simulation gets converged, the two products (2-methylpyridine
and water) are obtained from the bottom of high-pressure column and low-pressure
column, respectively.
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Fig. 1 Steady-state design flowsheet of PSD process

4 Results and Discussions

From Fig. 1, it can be observed that the proposed design of the pressure swing
distillation technique has successfully separated 2-methylpyridine from water. This
refers to the fact that the suggested scheme of separation has proved to enhance
the fuel characteristics of 2-methylpyridine by separating water from it. High-purity
2-methylpyridine with 99.9% purity has been recovered from the bottom of the
high-pressure column and requires only 15 stages for separation.

5 Conclusions

The work has explored an automotive fuel of 2-methylpyridine with its unique
features of having low density and viscosity, readily available, higher freezing
temperature than water, and higher energy efficiency. The potential of 2-
methylpyridine–water as an automotive fuel has been exploited by proposing a
competent separation scheme of pressure swing distillation. The distillation-based
separation scheme of pressure swing distillation has been found to be capable of
separating water from 2-methylpyridine effectively, such that 2-methylpyridine can
be easily used as an automotive fuel in external combustion engines. The overall
conclusion drawn from this work is that a high-purity 2-methylpyridine has been
separated from water by the pressure swing distillation technique, to enhance energy
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potential of 2-methylpyridine, so that it can be readily used as a fuel for external
combustion engines.
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Data Acquisition System
for Measurement of Biomechanical
Variables in Sit-to-Stand Task

Siddharth Bhardwaj , Abid Ali Khan , and Mohammad Muzammil

1 Introduction

The study on human motion has been widely conducted in research and clinical
facilities to observe motor capabilities, improve athletic performance, and evaluate
the outcome of rehabilitation programs [1, 2]. Biomechanical data concerning the
kinematics and kinetics of human movement have been used successfully for motion
reconstruction [3] and biofeedback applications [4]. Biomechanical data has also
been used to study biomechanics in order to intervene in applications ranging from
human movements [5] to the design of consumer products [6]. Moreover, in health-
care systems, the fusion of physiological and biomechanical data has been argued to
provide user complaint control of robotic devices [7, 8].

With the vast use of biomechanical data, it is therefore essential that the
employed sensorial system shouldmeet the data acquisition requirement. The sensors
used for these purposes must be qualified in terms of handling large dynamic
ranges, high sampling frequencies, precision and accuracy [9]. Various sensors are
preferred for biomechanical measurements, namely force platform, accelerometer,
inertial measurement unit, gyroscope, magnetometer, mechanomyography, etc. [10].
However, rather than complex instruments for studying human movement, simple,
low-cost experimental design setups are found more appropriate for data collection
in both local and multicenter repository context [11].

Understanding of biomechanics of different human movements lays the foun-
dation of biomechatronic design criterion in rehabilitation robots [12]. Sit-to-
stand (STS), i.e., standing from sitting posture, is an activity of daily life, involving
transition of the posture through biomechanically unstable phases [8, 15]. STS task
also serves as a therapeutic exercise for quadriceps strengthening and fall prevention
in frail/elderly people [13, 14]. Hence, it is important to study the biomechanics of
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the STS task for assistive and biofeedback applications concerning such postural
transfer.

In this article, a data acquisition system developed in the ergonomics laboratory
of the Mechanical Engineering Department, AMU, is presented for the measure-
ment of biomechanical variables associated with STS task. Sensorial setup and data
acquisition software (coded in LabVIEW) for the measurement of three modalities,
namely knee flexion/extension (KFE), trunk flexion/extension (TFE), and reaction
forces at the right feet (Rrf), left feet (Rlf) and seat (Rs), are shown. For validation, a
sample data has been collected to describe the STS movement from the developed
data acquisition system, which is also presented in this article.

2 System Design

The proposed data acquisition system comprises (a) hardware, consisting of sensorial
setup and instrumentation and (b) software, which helps to communicate with the
hardware, to monitor the data in real time, and to save the acquired data in the PC.

2.1 Hardware

Trunk flexion/extension. An inertial measurement unit (IMU, MPU-6050) with
onboard accelerometer (3 dof) and gyroscope (3 dof) was used for the measurement
of TFE data. Onboard digital motion processing (DMP) was exploited to fuse the
computed quaternion data from the independent accelerometer and gyroscope. This
fusion eliminated the inherent noise and drift errors associated with accelerometer
and gyroscope. The fused quaternion (x, y, z, w) was used to estimate the pitch angle
(θ ) of IMU (Eq. (1)) which in turn gives the estimate of the TFE.

TFE = θ = a tan 2
(
2(x × z − y × w), 2× y2 + 2× z2 − 1

) × 180/π (1)

The IMU was interfaced with Arduino Uno (ATmega328) and communicated to
PC using serial communication protocol at 115,200 baud rate. The TFE data was
acquired at 50 Hz sampling frequency.

Knee flexion/extension. The KFE data for the knee was measured with the help of
20 k� rotary potentiometer. Two potentiometers were used, each to acquire the data
from both the knees (left and right). The potentiometric goniometer was designed
to form a revolute joint at the lateral epicondyle of the knee. The potentiometer was
secured to the knee using Velcro strap attached to the two metal strips placed at the
thigh and shank. The potentiometers were pre-calibrated and tethered to MyDAQ
data acquisition unit (National Instrument, USA) for interfacing with the PC. The
TFE data was acquired at 1000 Hz sampling frequency.
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Fig. 1 Hardware and interfacing with PC

Reaction force. The normal reaction force at the feet (Rrf,Rlf) and seat (Rs) was
measured using single point load cells (rated 200 kg each). Foot plates, mounted on
individual load cells, were used tomeasure ground reaction forces on the left and right
foot, while a single load cell mounted beneath the stool seat was used to measure the
seat reaction force. A 24-bit analog-to-digital converter, HX711, was employed for
load cell signal amplification. The load cells were powered and tethered to PC using
Arduino Uno (ATmega328) with serial communication protocol at 19,200 baud rate.
The reaction force data was acquired at 90 Hz sampling frequency. Figure 1 shows
the overall hardware interfacing.

2.2 Software

A LabVIEW program was developed for time-synchronized recording of TFE, KFE,
Rlf,Rrf, andRs data.Within theLabVIEWprogram, the data fromdifferent acquisition
hardwareswas recorded in separate loop structures with synchronized loop execution
rate. Local variables were used to stop the loop execution while saving the acquired
data. Digital filters were designed in the LabVIEW program to improve signal-to-
noise ratio of the recorded variables. A low-pass Butterworth 3rd-order filter with
7 Hz cutoff frequency was used to reduce noise in potentiometer data. The data from
the load cells were filtered using rank 2 median filter.
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Fig. 2 Front panel of data acquisition program (build in NI LabVIEW version 12)

Figure 2 shows the front panel of the developed LabVIEW program. Graphical
interface was provided for real-time data monitoring. Separate tabs were provided
within the program’s graphical interface to input the participant credentials, perform
sensor initialization and start the data streaming, respectively. After the participant
finished the task, the program was terminated using the STOP button provided in the
front panel, which in turn saves the acquired data to the specified location on the PC
hard drive.

3 Experimentation and Procedure

To demonstrate the utility of the proposed data acquisition system, a sample reading
is presented for the recorded biomechanical variables during STS task. A participant
(male, height= 1.58 m and weight= 58 kg) was recruited to volunteer the STS task.
Before conducting the experimental trial, participant was briefed about the exper-
iment and written consent was obtained as per university ethics board. Thereafter,
all sensors were attached to the participant’s body, and STS trials were conducted.
IMU was placed at the chest of participant using a chest belt, while potentiometers
were secured at the knees. Three consecutive trials of STS task were performed with
a gap of 2 min in between the trials. The participant performed the task at his own
comfortable speed after being verbally signaled to initiate the STS task. Figure 3
shows the experimental setup for the study.



Data Acquisition System for Measurement of Biomechanical … 103

Fig. 3 Experimental setup

4 Test Results and Discussions

Figure 4 shows the mean of recorded data for the experimental trials. As evident
from Fig. 4, the data is useful in describing the phases of STS task. The initiation
of STS task is marked with the extension of trunk (increase in TFE angle, Fig. 4b),
and consecutive increase in the seat reaction force (increase in Rs) and decrease in
feet reaction force (Rlf and Rrf) as shown in Fig. 4a. Extending the trunk helped the
participant to gain momentum before lifting off from the seat, thereby reducing the
torque requirement at the knees.

Fig. 4 Recorded data for sit-to-stand task
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In the next phase, the participant starts flexing his trunk (decrease inTFE) and initi-
ated seat lift off (reduction in Rs). Concurrently, the knee extension starts (decrease
inKFE) whichmarks the transition phase of STS. During the transition phase, the feet
struggles to maintain the balance as shown by continuous variation in the reaction
forces (Rlf and Rrf) as compared to being seated (Fig. 4a). The STS phase marks the
ending phase when the participant completes the transition phase and stands straight
(knee in full extension, KFE = 0 and reaction forces at the feet becomes almost
constant).

The proposed data acquisition system provides a low-cost solution in measure-
ment of biomechanical variables in STS task compared to camera-based motion
tracking systems. The presented system provides capability of real-time data moni-
toring and can be augmented with algorithm-based phase markers to detect the STS
phases. With the online phase detection, the data acquisition setup may be adopted
for real-time diagnosis of pathologies and lower limb strength [16]. Also, with the
online classification of phases, the system can be used in applications concerning
rehabilitative and assistive devices for STS tasks [17].

5 Conclusions

The paper proposes a data acquisition system for online monitoring and recording
of biomechanical variables, namely trunk flexion/extension, knee extension/flexion,
and reaction forces at the feet and seat. The system is tested for sit-to-stand move-
ment; however, it can be adapted to other movements such as gait and squatting.
The system can be extended to rehabilitation and assistive applications, wherein the
biomechanical data may be used for motion synthesis and control.
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Fabrication and Tribological Behavior
of Copper Plain Bearing Lubricated
with Biodegradable Oil

Uzma Iqbal, Asma Iqbal, and Siddharth Bhardwaj

1 Introduction

Most mechanical system failures occurring at the level of tribo-elements such as
the bearing, gears are attributed to friction and poor tribological properties of the
materials [1]. Mostly, one of the important tribo-elements in the mechanical system
is plain bearing, where its functions are to support and guide the moving element
against the direction of applied load. Since there is a relative motion between the
bearing and the moving element, there will be a power or energy loss due to fric-
tion, and if their surfaces touch each other, wear may also take place. Hence, the
bearing should perform its function with a minimum loss of energy while limiting
the wear. There are certain applications where it is difficult to lubricate the bearing
with synthetic lubricants, where the likelihood of leakage is higher and thus may
pose an environment risk during operation [2]. Therefore, it becomes necessary to
research eco-friendly biodegradable lubricants for such applications in particular [3].
Recently, ecological lubricants based on vegetable oil such as palm oil, soya bean oil,
sunflower oil, and canola oil have tended to be used as lubricant in place of mineral
oil.

In the present work, applicability of apricot oil as a lubricant is investigated while
using copper bearings. The most common method of measurement of effectiveness
of a lubricant is the measure of wear caused by relative movement between two
mating surfaces. There are various methods of wear measurement, but the method
which is used in this research for the calculation of wear measurement is mass loss
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measures of wear [4, 5]. The lubricating capacity of apricot oil on copper bearing
in comparison with simple copper without lubricant is measured. The shaft material
used for above tests is mild steel (MS). Tribological tests were carried out on pin on
ring apparatus at room temperature. The use of apricot oil upholds the sustainable
design methodology as the lubricant is not harmful to the environment as compared
to synthetic lubricants and mineral oils.

2 Methodology

In the present work, pin on ring apparatus was used for measurement of coefficient of
friction of copper specimen with apricot oil. Specimen was made pin, while rotating
ring was made up of mild steel. The following two conditions were tested for the
measurement of coefficient of friction:

• Condition 1: Sliding of copper specimen for 60 min at a load of 1.28 kg and
sliding velocity (V s) 0.1 m/s.

• Condition 2: Sliding of copper specimen and apricot oil (1 ml) for 60 min, at a
load of 1.28 kg and sliding velocity (V s) 0.1 m/s.

2.1 Coefficient of Friction

Readings for 60 min were recorded at a sliding velocity of 0.1 m/s, and deflec-
tions were taken after every 6 min. For 5 kg, the loading apparatus gives maximum
deflection. For experimentation, the initial load applied was 1.28 kg, and maximum
applied load (W ) was 6.56 kg. Coefficient of friction (µ) was recorded for ten values
of tangential force (F t) making a deflection of 56, 57, 58, 59, 60, 61, 62, 63, 64, and
66 on the apparatus scale. A sample calculation shows the method or evaluating the
value of µ for 56 deflection:

Ff = 5/100× 56 = 2.8 kg = 27.44N

Coefficient of friction (µ) = Ff /W

µ = 27.44/(6.56× 9.81) = 0.426

µ = 0.426

2.2 Test Procedure for Wear

Weight loss was calculated to measure the amount of wear produced in the two
conditions: i.e., weight loss measurement for simple copper specimen and weight
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loss measurement for copper with 1 ml apricot oil (Cu + 1 ml apricot). Sample
calculation provides the method for evaluating weight loss in different samples.

Sample A = (simple copper)
Sample B = (Cu + 1 ml apricot)

Original weight of samples:

Weight of sample A before experiment = 13.6045 g.
Weight of sample B before experiment = 13.6045 g.

Final weight of samples

Weight of sample A after experiment = 13.6000 g.
Weight of sample B after experiment = 13.6035 g.
Weight loss for simple copper = 4.5 mg.
Weight loss for (Cu + 1 ml apricot) = 1 mg.

3 Result and Discussion

It is evident fromFigs. 1 and 2 that coefficient of friction increaseswith the increase in
sliding distance; however, the increasewas higher in case of copperwithout lubricant,
as compared to apricot oil. Friction measurements against sliding distance are given
in Table 1 for Cu and MS and in Table 2 when used with 1 ml of apricot oil.

It is evident from the results that use of apricot oil is effective in reducing the wear
of material. Tribological behavior of apricot oil investigated on high load explains

Fig. 1 Coefficient of friction
and sliding distance without
apricot oil (copper +MS).
Note Load = 1.28 kg, V s =
0.1 m/s
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Fig. 2 Coefficient of friction
and sliding distance with
apricot oil (copper +MS +
apricot oil 1 ml). Note Load
= 1.28 kg, V s = 0.1 m/s
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Table 1 Coefficient of
friction related to sliding
distance for copper +MS at
load of 1.28 kg for 60 min

S. No. Deflection Coefficient of
friction (µ)

Sliding distance (m)

1 56 0.426 36

2 57 0.434 72

3 58 0.442 108

4 59 0.449 144

5 60 0.457 180

6 61 0.464 216

7 62 0.472 252

8 63 0.480 288

9 64 0.487 324

10 66 0.503 360

that apricot oil can be used for industrial applications as coefficient of friction and
wear is reduced.

Lubrication by apricot oil in copper bearing reduces coefficient of friction by 75%,
when compared to dry copper bearing. The study investigates the use of apricot oil
as lubricant; however, comparative studies are necessary to be conducted to check
the efficacy of apricot oil in comparison with other vegetable oils and mineral oils.
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Table 2 Coefficient of
friction related to sliding
distance for Cu +Ms +
apricot Oil 1 ml at load of
1.28 kg for 60 min

S. No. Deflection Coefficient of
friction (µ)

Sliding distance (m)

1 14 0.106 36

2 15 0.114 72

3 16 0.121 108

4 17 0.129 144

5 18 0.131 180

6 19 0.152 216

7 20 0.160 252

8 21 0.167 288

9 22 0.175 324

10 23 0.503 360

4 Conclusion

The study investigates the use of apricot oil for lubrication purposes. From the bearing
samples investigated, the one containing copper with apricot oil was shown to have
improved performance characteristic with regard to friction and wear. The use of
apricot oil was found to reduce the coefficient of friction by 75%. More studies are
needed to draw the benefit of apricot oil in comparison with the available lubricants
in the market.
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A Neural Network-Based Classification
for Finger Motion While Grasping
Different Sized Objects

Salman Mohd Khan, Abid Ali Khan, and Omar Farooq

1 Introduction

Generally, robotic assistive devices find their applications to redevelop or regenerate
the motion or actions lost in limbs. Over the years, certain sophisticated devices have
been developed [1]. However, these devices are rejected among users because of
poor replicability and lesser control capabilities [2, 3].

The robotic assistive devices designed as the human–machine interface include
the capture of electrical or mechanical signals in the human body [4, 5]. The elec-
trical activities originating from the muscles of limbs or brain are more often used
for human–machine interfaces. The muscle’s electrical activity is acquired by the
technique called electromyography (EMG), and these signals are referred as “EMG
signals.” The advantage of using these signals is the ease to use these signals into
assistive devices. Presently, the EMG signals are more often processed by pattern
recognition techniques, which involve processing and classification of signals for
a different action–intention. Several studies have shown better results by pattern
recognition techniques as compared to other techniques. The pattern recognition-
based studies helped to evaluate the parameters named as muscle type; the number
of muscles; processing parameters such as feature selection, feature extraction and
classifications [1, 6, 7].

Recent studies have suggested that the use of EMGs is not enough for the design of
devices. Certain studies have found the need to add a secondary set of sensors using
EMGs for optimal information of the task. These sensorsmay involve accelerometers,
potentiometers, flexi-force sensors, etc [8–10].
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One such issue in the design of an upper limb assistive devices is the finger
motion capture using EMGs. For upper limbs, one of the important objectives of
such devices is the replication of finger motion and manipulative grasping of objects
[10, 11]. Often, using a certain number of muscles may cause loss of useful and intri-
cate information, leading to inefficiency at times. This results in the need to record
finger motion while grasping any object. The dual information allows researchers
ease to identify the hand gesture while grasping objects of similar shape but different
sizes [11]. Recently, an in-house research was published, in which knee angle, along
with EMG, was used as input for sit-to-stand task-employed NN-based classifica-
tion. The results were motivating to perform a similar analysis using neural network
classification [12]. Based on these findings, in this study, the EMG data and finger
joint data were fused together and then evaluated by comparingwith the data of EMG
signals only. This is done with the help of a neural network classification scheme.

This study is sequenced as follows: Section 2 details about experiment setup and
its procedure. Section 3 discusses the techniques and methods applied for analysis.
Further, the results and discussion are presented in Sect. 4.

2 Experimentation

The EMG was recorded using 4 bipolar EMG sensors (SX230) placed on 4 different
muscles using a Biometric Data Acquisition (DAQ) System. The selected muscles
were: flexor carpi radialis (FCR); brachioradialis; extensor carpi radialis (ECR); and
extensor carpi ulnaris (ECU) based on previous studies [3, 11]. The standard protocol
for surface electromyography for noninvasive assessment ofmuscles (SENIAM)was
used for the positioning of electrodes. The reference electrode was placed behind
the earlobe. The EMG signals were recorded using a Datalink software of Biometric
DAQ system at a sampling rate of 1000 Hz.

The joint angle of the metacarpophalangeal (MCP) joint was measured by the flex
sensor placed as shown in Fig. 1. The sampling rate of the flex sensor was 87 Hz.
Besides, the subjects were asked to hold an object with a cylindrical surface. The
object is designed such that the object span can be varied using an extra attachment
on one side of object surface. The object spans were varied up to four levels, with
initial being 6 cm and an increment of 1 cm at each level.

The experiment was repeatedly conducted on two abled-bodied male subjects
(age: 26 & 27). Before experiments, both participants signed a written consent as
approved by the university ethics committee. Each subject was asked to repeatedly
perform the experiment 5 times. The subjects were seated on the chair at a fixed
height. The subjects were asked to perform a simple pick and place task as shown
in Fig. 2. The whole task is comprised of 12–15 s. It was divided into 5 phases:
home position (Phase 1); transition phase (Phase 2); pick and place phase (Phase
3); transition phase (Phase 4); and home position (Phase 5). During Phase 3, the
subjects were asked to make a fingertip contact with the surface of the object. Before
recording, all subjects were allowed to practice on the experimental setup.



A Neural Network-Based Classification for Finger Motion … 115

Fig. 1 Experiment setup design for data acquisition

Fig. 2 Sequence of actions to be done during a task

3 Analysis

The raw EMG acquired from 4 muscles was subjected to data processing. It is
comprised of data segmentation and feature extraction. The data-set was subjected
to continuous data segmentation with a segment length of 250 ms. The continuous
data segmentation helped to acquire better and detailed information as compared
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to overlapped and adjacent segmentation techniques. The segmented data-set was
processed to acquire root-mean-square (RMS) feature. The resultant values were
subjected to down-sampling to accommodate EMG data with angle data. The flex
values incorporated in this study are used as the angle values.

The behavior of EMG signals and joint angles is evaluated using a neural network
classification scheme. The scheme employed in this study is a multilayer perceptron
(MLP). The MLP scheme is a conventional and simple neural network classification
scheme. The classification is performed to evaluate the effect of EMGs and angles to
performapick and place task for the object of differentwidth spans. The classification
models can be divided into sections. The first classification involves the testing of a
system to identify continuous transition of finger motion. The second classification
procedurewas applied to test the system’s capability to identify finger behavior, while
the object span is varied. The MLP was applied using a module in SPSS software.

The NN models were designed using EMG data of the muscles and finger
joint angles as the inputs depending on the system. At first, the RMS values of
EMG activity were used as input for two classification models mentioned earlier.
Later, the RMS feature values and angle values of the MCP joint were taken as input
for both classification models. A single hidden layer consisted of 10 neurons and
sigmoid functions as activation functions were used to design the models. The data
percentage for training and testing was 70% and 30%, respectively.

4 Results and Discussion

In this section, the influence of MCP joint angles with EMG activities of muscles is
compared. The analysis is performed for 5 phases of the task by MLP classification
scheme. Further, anotherMLP classification scheme is applied to assess different grip
spans with EMG data and EMG angle data. Table 1 shows the overall classification
results for the task, when two conditions of EMG data are incorporated. It is evident
that the classification largely improved when MCP joint behavior is used along with
EMG data as the input in the study. The incapability of classification was found in the
transition phases because of the continuous finger motion. The action recognition
sequence with EMG data from highest to lowest was Phase 1; Phase 5; Phase 3;
Phase 4; and Phase 2. Although this action recognition sequence remained the same
when the angle data were added as input, the significant increase was found in the
classification rate for all phases.

Table 1 Classification of
task based on 2 conditions:
(a) when only EMG signals
are used as input and (b)
when EMG and MCP joint
angle values are used as input

Condition Features Classification
percentage (%)

4 EMG muscles RMS 61.3

4 EMG muscles and
MCP angle

RMS, Angle 77.3
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It was found that the extensor muscles were more active as compared to other
muscles. Themost prevalent muscle was ECR, followed by ECU and brachioradialis.

The second part of the study involved the identification of the different grip spans
for 2 forms of sensing system usingMLP classification schemes. The classification of
each span is shown in Table 2. Table 2 clearly shows the effect of theMCP joint angle
in detecting different grip spans, especially for larger grip spans. As the grip span
increased, the activation of muscles became less differentiable. Besides this, themost
prevalent muscle during Phase 3 of the task was found to be FCR, followed by ECU
and ECR. Although the flexor muscles are regarded as important muscles, extensor
muscles were also responsive to the grasping and gripping tasks. This analysis as
shown in Fig. 3, can be conformed to the previous study byHoozemans et al. in which
extensor muscles were also capable to generate EMG and hand grip force relations
[11].

Table 2 Classification result for different sizes of spans

Sample Observed For EMG and angle data: percent
correct (%)

For EMG data: percent correct (%)

Testing 6 cm GS 95.8 90.4

7 cm GS 99.7 87.8

8 cm GS 81.4 53.1

9 cm GS 91.8 55.1

Overall % 93.9 79.4

Fig. 3 Importance criteria of the muscles on change of object span. It shows the rate of influence
of different muscles in the neural network
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5 Conclusion

This study helped us to realize the need to fuse data of the joint angle motion along
with the EMG signals for the design of biosignal-based assistive devices. In this
study, the angle values of MCP joint of a finger along with EMG resulted in a
marginally higher classification of action intentions. The modality of joint angles
with EMGs also resulted in better recognition of the hand span for gripping different
sized objects. This study motivates to add joint angles along with the data of EMG
signals to recognize the activities for the similar objects of different dimensions.
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Condition Monitoring in Additive
Manufacturing Using Support Vector
Machine

Durgesh Nainwal, Pavan Kumar Kankar, and Prashant Kumar Jain

1 Introduction

Additive Manufacturing is a name given to the various technologies that produce
a three-dimensional object by layer-by-layer deposition of a material, viz. plastic,
metal, concrete and so on in application ranging from the small button of the shirt to
intricate part of aircraft, dental, medical implants, and fashion industry. FDM devel-
oped in 1989 is the second commonly used rapid prototyping technology today after
stereolithography [1]. Parts manufactured using FDM-based printers are modeled
in a computer-aided designing software and then converted into a surface geometry
(e.g., .stl format) using a slicing software before finally sending to FDM machine
for printing. In FDM, the gear mechanism powered by stepper motor feeds filament
inside the liquefier, and then, solid filament next to it forces the molten matter inside
the liquefier to finally extrude it out of the nozzle [2]. The deposition takes place in the
form of a road which gets interlinked with each other on the successive deposition.

The linear motion of the hot end is controlled by a stepper motor by using a
combination of lead screw and timing belt. AM has two vital characteristics; firstly,
the printing time is usually long and secondly quality standards for dimensional
accuracy ought to be maintained which motivates for developing an approach for
health monitoring, fault detection and quality control for 3D printer. Many research
efforts have been made to improve the FDM product quality. Yoon et al. [3] used
acoustic emission (AE) sensor and piezoelectric strain sensor by creating slippage
using metal strips in the timing belt to show the efficacy of such methodology. Rao
et al. [4] used data from various sensors like thermocouple, accelerometers, etc. to
identify FDMprocess failure using various models and theories.Wu et al. [5] used an
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acoustic AE sensor formonitoring purpose in which amanual fault of an improper air
gap and layer thickness was created, the time domain and frequency domain signals
from theAE sensor during printing conditionwere analyzed to identify failuremodes.
In a similar scope, Kim et al. [6] showed the efficacy of vibration sensor over AE
sensor to monitor bolt fault using root mean square as a feature to monitor printing
status using SVM technique to prevent poor printing.

1.1 Aim and Contribution of Work

The quality of an FDM component is usually inspected at the finishing point and
results in a lot of wastage. Therefore, an effective technique should be developed
that will not only help in monitoring the printing process in FDM, leading to fault
diagnosis but also help in preventing the failure of the component at the earliest,
thereby reducing the scrap rates [7]. This work aims at equipping an FDM machine
(Creality Ender 3) with vibration sensors to capture time domain data, and using it
for the construction of machine learning classification models, to show the ability for
detection of part failure in FDM. This study demonstrates that the used methodology
andmonitoring setup for data collection is suitable for possible in-processmonitoring
applications.

1.2 Fish Bone Diagram

FDM printer failure causes were identified by Ishikawa diagram in Fig. 1 which is
an essential visualization tools that help in identifying the root cause of a problem.

2 FDM Experiment

The commonFDMprinting problem includesmaterial peeling off, filament buckling,
elephant foot, warping syndrome, distortion, and part delimitation.While performing
3D printing, it was noticed that loosen bolt, a part of x-axis driving mechanism,
is one reason for shifting of the layer. Therefore, loosen bolt is considered as a
faulty condition of the printer in the present work. Figure 2b shows the essential
mechanical component which aids in extruder head movement while printing. The
pulley is connected to the stepper motor and tightened by a bolt, the timing belt
over the pulley drives the extruder along the x-axis. When the bolt is loosened, the
slipping occurs between the motor and the pulley, which gets misaligned causing
intermittent motion of the driving belt. The printing head wobbles in its position
giving rise to vibrations and shifting of subsequent layers resulting in the poor quality
of the printed component. Thus, this failure condition was simulated by printing a
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Fig. 1 Ishikawa cause-and-effect diagram

Fig. 2 a Experimental setup, b mechanical components affecting the motion of extruder head

standard specimen ofASTMD1708 in both the healthy and faulty state of printer. The
experimental parameters are shown in Table 1. In a belt system, vibration problem
generally occurs due to two reasons: (1) interference of the disruptive forces with
belt and (2) improper belt like crack, pieces of chunks, etc.

In case of FDM printers, disruptive forces such as unbalance or the eccentricity of
pulley (here) whenever the belt passes over the pulley a short pulse will be generated
which will the disturbing frequency or the frequency of vibration of the belt. Previ-
ously, belt looseness was simulated by malfunctioning the toothed belt by inserting a
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Table 1 Process parameters Parameter Description/value

Creality Ender 3

Specimen model ASTM D1708

Filament material Polylactic acid

Filament diameter 1.75 mm

Extruder speed 60, 50, 40 mm/s

Infill 100%

Layer thickness 0.1 mm

metal piece between the teeth slots to give rise to slipping of the belt. The accelerom-
eter comes in handy because it is a miniature device which can measure even small
amplitudes of vibration over a large dynamic frequency range and more consistent
and accurate among different vibration sensor available [8]. One accelerometer was
mounted on the extruder along the x-direction, and other was mounted along the
y-direction as shown in the experimental setup. Along the z-direction, negligible
changes in vibration for the healthy and the faulty condition were observed. The
vibration signals were taken corresponding to three different tool path of print head
at different print speed both in healthy and faulty state of the printer. The infill pattern
was line, and raster angle was 45 ˚ for the specimen. In Fig. 3, the healthy component
and faulty component are shown; in faulty printed specimen, layer shifting can be
easily observed.

Fig. 3 Printed specimen at a healthy condition, b faulty condition at 40 mm/s, c faulty condition
at 50 mm/s, d faulty condition at 60 mm/s



Condition Monitoring in Additive Manufacturing … 123

3 Feature Selection and Feature Vector

Feature selection is essential to choose key features; if properly selected, it helps in
achieving fewer datasets when speed and storage are the concern. Out of the various
features like kurtosis, standard deviation, crest factor, mean, etc. only root mean
square, mean absolute deviation and interquartile range value of the signal are found
to be significant for constructing different classification models.

Although there are many machine learning algorithms previously used by
researchers for fault diagnosis, support vector machine (SVM) is found appropriate
to construct the models for detecting the faulty and healthy state of the FDM-based
printer. Both linear and quadratic SVMwere applied in a different cases, and for each
case, the discriminants were calculated and examined. In order to feed the model, 14
RMS data were captured from a FDM specimen, and the experiment was performed
three times corresponding to healthy and faulty condition. So there were 42 data
samples collected at different print speed and tool path. The features from the time
data of the vibration signal which will be used in machine learning shown in Table
2.

3.1 Support Vector Machine and K-Cross Validation
Approach

Support vector machine is mostly used supervised learning techniques which finds
its application in both classification and regression analysis. For a linearly separable
data, the two planes are drawn along the boundary of each type of data such that no

Table 2 Feature vector for classification model

RMS MAD IQR Print speed (mm/s) Class

0.9678 0.8864 1.5712 60 Healthy

1.1733 0.7744 1.3025 60 Healthy

0.6913 0.55 0.9243 50 Healthy

0.7266 0.5813 0.9606 50 Healthy

0.6506 0.5209 0.8914 40 Healthy

0.6456 0.5156 0.9707 40 Healthy

1.5377 1.2293 2.1654 60 Faulty

1.3229 1.0462 1.7764 60 Faulty

0.9216 0.709 1.1374 50 Faulty

0.9352 0.731 1.2327 50 Faulty

0.8465 0.6661 1.1097 40 Faulty

0.8471 0.6647 1.0854 40 Faulty
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Fig. 4 SVM scatter plot
showing maximum margin
hyperplane

two points lie in between them. The distance between two margins is given by ||w||.
For maximal margin, w is minimized.

The hyperplane has a general form

Yi = sign
(
wT xi + b

)
(1)

where w is the kernel plane to the hyperplane and b is the factor which determines
the offset from the origin of the hyperplane and x is input vector.

The quadratic programming problem is expressed as:

min
w,b

(
wTw

2

)
(2)

Subject to: yi
(
wT xi + b

) ≥ 1 (∀ data points xi).
K-cross-validation is a resamplingmethodmainly suitable when a limited number

of the datasets are given for evaluating a machine learning model. The basic idea is
to divide the dataset into k equal bins. In present case, there are 42 dataset and 5 bins,
so each bin will consist of 8 or 9 values. One bin is used for testing, while remaining
k minus 1 bins are used for training purpose. In this study, value of k is taken as 5 in
order to prevent high bias and variance (Fig. 4).

4 Results

The experimental results show that the effect of the tool path is not considerable
in the values of different features obtained from the time series data. Moreover, the
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Fig. 5 Scatter plot of SVM. a Model 1, b Model 2

Table 3 Discriminant values

Model Sensitivity Specificity Precision Error rate F1 Score

Model-1 0.9047 0.9047 0.9047 0.09523 0.9047

Model-2 0.80 0.7727 0.81 0.2142 0.7663

misalignment of the layer ismore in case of specimen printed at 60mm/s pertaining to
the fact that slippage of the belt is more at a higher speed of stepper motor controlling
the print head (Fig. 5).

The scatter plots were obtained for both the models, i.e., when RMS was used
over a range of print speed using linear SVM and another when RMS and MAD
were used as features using a quadratic kernel function. The classification accuracy
of 90.5% is obtained for first model and 78.5% for second model. The values of
various discriminants are shown in Table 3 for better understanding and predicting
the performance of the model.

5 Conclusion

Themethodology used here can be implemented in any FDMprinter where such kind
of faults occur more frequently, and the precision of the component is at risk. During
the implementation phase, one can diagnose various printing cases and prevent any
faulty specimen at the earliest helping in material saving.
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Analyses of Temperature and Thermal
Stresses of a Ceramic-Coated Diesel
Engine Valve

Subodh Kumar Sharma, Krishna V. Ojha, D. Pradhan, Pratibha Kumari,
and Ajay kumar

1 Introduction

TBCs are applied on metal substrates to protect them by thermal distortion in order
to work at elevated temperature. In diesel engines, the requirement is to enhance the
thermal performance and reduce fuel consumption rate; hence, TBCs are proved to
be promising in getting higher compression ratios [1]. It is used to protect ignition
chamber components or close surfaces like piston head, valve head and cylinder
crown. Due to low thermal conductivity and having high-quality strength, ceramic-
based material is used for constructing TBCs, which is fit for supporting higher
temperatures. A standout among the most utilized materials in TBC is zirconia,
which is deposited by plasma-spray technique. Metallic surfaces are shielded from
thermal fatigue, particularly from combustion stroke of engine cycle by using TBCs;
by doing this, little bit of extra heat energy is saved and can be transmitted for useful
work [2–7]. Additionally, it provides thermal insulation and decreases the necessity
of cooling requirements. An intermetallic alloy, i.e., NiCrAl, is chosen as a bond
coat (BC) material, which works as oxidation resistance at elevated temperature and
helps to implant TBC over the substrate. It also sinks the internal stresses which may
occur between the ceramic coating and substrate. Co-efficient of thermal expan-
sion, conductivity and modulus of elasticity of TBCs are highly effective to work as
thermal shock resistance [8]. It is understood that a thicker coating can give better
assurance; however, residual thermal stress prompts spallation of thick coatings. So,
choosing the most ideal thickness of the TBC is essential for exact assessment of
the temperature drop [2–4, 9] and modeling of the valve temperature distribution for
taking the thermal stresseswithin satisfactory levels at the interfaces betweenTC–BC
and BC–SUBS. Modeling and simulations for temperature and stress investigations
are extremely valuable and financially attainable for lessening the time as well as
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cost at the production stage of engine components when prototype is developed [10].
This paper aim is to explore temperature and stress distribution in valve at different
coating thicknesses to achieve higher engine performance.

2 Thermal Barrier Coating Materials

Magnesia-stabilized-zirconia (MgZrO3) is widely used as top coat in TBC. It has a
flexural strength and compressive strength nearly 520 and 1450Mpa, respectively. In
this study, thickness of the TC has been varied from 0.2 to 1.0mmwith a increment of
0.2 mm. An interlayer metallic bond coat NiCrAl of 0.2 mm thickness and substrate
(valve material) of steel alloy is used to form TBC.

3 Temperature and Thermal Stress Analyses

To study the impact of the TBCs on diesel engine valves of different thicknesses of the
MgZrO3, steady-state thermal stress analyses are executed.Variations in temperature,
strain and stresses on the valve are explored for both coated and uncoated conditions.
Thermal stress examinations are executed by building up the PC code through Fortran
FORCE 2.0. The engine picked up for this assessment is the AV1 single-cylinder,
direct injection diesel engine with a 0.553-L cubic limit. The engine is rated at 5hp
at 1500 rev/min and compression ratio of 19:1.

To diminish the number of triangular elements and computational time due to
geometrical symmetry, boundary and loading condition, an axis-symmetric 2-Dfinite
element model of quarter portion of the valve is utilized in the simulation. Efforts are
used to make uniform shapes and kinds of components since it expects a basic part in
giving the correct outcomes. While meshing of elements in the valve substrate, BC
and TC are accomplished. In addition, line-to-line contact elements are characterized
between the substrate and coating layer.

Certain point of confinement conditions is used to demonstrate the heat transfer in
valve, valve seat and valve bush contact regionwith the accompanying presumptions:
The effect of valve movement on the heat transfer is neglected, the valve and bush
are completely immersed in oil, and there is no capitation, and furthermore, the
conductive heat transfer in the oil film is disregarded [4]. From Fig. 1b, boundary
conditions in the form of heat transfer coefficient and temperatures are shown.

4 Results and Discussion

Thermal stress investigations are performed using finite element technique, and eval-
uation of temperature and thermal stress field for uncoated and ceramic coated valve
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Fig. 1 a Valve used in diesel engine, b valve model

having different thicknesses of ceramic coating are investigation. Fig. 2a, b shows
variation of temperature and radial stresses for the uncoated valve.

The extreme values of temperature and stress (normal stress) are 434.67 °C and
376.58 MPa in the valve, respectively. Analysis shows the decrement in temperature
and radial stress from head center of valve head to the top valve stem (see Fig. 2). For
the identical conditions, temperature distribution contours are presented inFig. 3 (a-e)
for coating thicknesses varying from0.2 to 1.0mm.Temperature at the center of valve
head on the coating surface is in the range of 453.8–581.4 °C, respectively. Increased
valve life is attributed to improved valve strength due to lowering of temperature.
Therefore, radial stress distribution is shown in Fig. 4a–e. Also, maximum stress
values at the center of valve head at the coating surface are ranging from 393.59
to 482.57 MPa, respectively, as shown in Fig. 4a–e. For 1.0 mm coating thickness,
the maximum increase in temperature is observed at the valve’s head surface, due to
low thermal conductivity of ceramic coating. The temperature of the top coat (TC)
surface versus radial distance (starting from valve head center to ending at the outer
edge) for various thicknesses is plotted in Fig. 5.

Temperature of the bond coat (BC) surface and substrate surface (SUBS) versus
radial distance for varying TBC thicknesses are plotted and presented in Figs. 6
and 7 respectively. The maximum temperature is shown at the surface of bond coat
which ranges from 444.08 to 425.41 °C (see Fig. 6) and variations in maximum
temperatures of substrate surface is 442.88–424.53 °C (see Fig. 7) respectively for
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Fig. 2 Counterplots of the
a temperature (°C) and
b radial thermal stress (MPa)
distributions of a quarter part
of the uncoated valve

Fig. 3 Temperature (oC) distributions in the valve for various coating thicknesses
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Fig. 4 Radial thermal stress (MPa) distributions in the valve for various coating thicknesses

Fig. 5 Top coat surface
temperature

coatings with a thickness of 0.2–1.0 mm, respectively. Also, with the decrease in
the coating thickness, the maximum temperature in the bond coat and substrate
surface decreases, and no significant difference is shown in the temperature curves
of substrate and bond coat material with marginal difference of 3 °C.

A point of highest thermal stress is the most susceptible point for the crack nucle-
ation. Since TBC is brittle, so small imperfection may lead to rapid propagation of
cracks, leading to the delamination of coating from the bond coat. Therefore, it is
necessary to evaluate the distribution of interfacial thermal stresses for the stresses
to be in operation limits. For this motive, a detailed analysis for the thermal stress
distribution on the surfaces of top coat, bond coat and substrate is shown in Fig. 8.
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Fig. 6 Bond coat surface
temperature

Fig. 7 Substrate surface
temperature

Fig. 8 Radial thermal stress
on the top coat
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The maximum normal stresses at near the edge of valve head edge are varied from
403.58 to 478.45 MPa for 0.2 to 1.0 mm coatings.

The stress is found to increases with the increase in the thickness of the coating,
at the top coat surface. Figure 9 shows the normal stress distribution with the radial
distance for different coating thickness, at the bond coat surface.

Figure 10 presents the distributions of normal stress vs radial distance at substrate
surface. The maximum normal stress occurs at the valve head center as 385.17
to 367.83 MPa for 0.2 to 1 mm coating thicknesses, and finally decreases signif-
icantly with increase in the thickness of coating. The maximum thermal stress of
385.17 MPa for 0.2 mm coating thickness is observed on the surface of substrate,
and with the gradual increase in coating thickness, the thermal stress decreases due
to lower thermal conductivity of the ceramic material.

Since thermal stress is a function of coating thickness, hence when the normal
stresses for different coating thicknesses are comparedwith the strength, lower values
are observed.

Fig. 9 Radial thermal stress
on bond coat

Fig. 10 Radial thermal
stress on the substrate
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5 Conclusions

Following are the conclusions drawn from the present study:

1. Temperature and thermal stress distribution are function of thickness of TBC
coating established using numerical simulations.

2. Maximum temperature is at the center of valve base and at the edge of valve
surface for all coating thickness.

3. Maximum temperatures for coated valve when compared with uncoated valve at
the center of valve base are 6.67, 13.62, 19.97, 27.09 and 33.81% for 0.2, 0.4,
0.6, 0.8 and 1.0 mm thick thermal barrier coating, respectively.

4. TBC coating is proved to provide higher combustion chamber temperature; there-
fore, thermal efficiency of the engine increases. Also, reduction in the surface
temperature of the valve (substrate) has improved effect on the performance of
engine.
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Study on Optoelectronic Properties
of Slurry Coated Binary Cadmium
Chalcogenide Films

Vipin Kumar, Vandana Grace Masih, and V. K. Sachan

1 Introduction

Over the years, II–VI group compound semiconductors have gained substantial
attraction of numerous investigators in view of their exhaustive applications in the
solid-state physics. These semiconductors are widely used in optoelectronic and
photovoltaic technologies [1]. Among all II–VI group compound semiconductors,
the cadmium chalcogenides emerged as the potential candidates for optoelectronic
technologies and other upcoming technologies such as light emitting diodes, photo-
detectors, solar cells and lasers [2]. The direct band gap nature and high absorption
coefficients are the main reason of their popularity [3].

It is well recognized that any large-scale applications must depend on low-cost
polycrystalline materials. The low production cost is the root cause of technical
interest in polycrystalline-based devices [4]. Various techniques such as thermal
evaporation [5], spray pyrolysis [6], screen-printing [7], sputtering [8], chemical bath
deposition [9], successive ionic layer adsorption and reaction (SILAR) [10] and dip
method [11]were reported to produce binary cadmium chalcogenide semiconducting
thin films. Usually, in all of these methods, stable, uniform, adherent, hard and
polycrystalline films are produced.

In the current work, binary cadmium chalcogenide (CdS, CdSe, CdTe) films were
produced on glass substrate by using slurry coatingmethod. This method is relatively
low cost and appropriate for large area coating of the films. This is also suitable for
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coating surface of any shape and morphology. The coated films were character-
ized for their optoelectronic properties to explore the application of these films in
optoelectronic technologies.

2 Experimental Techniques

Toprepare binary cadmiumchalcogenide films, the commercially availableARgrade
powders of these cadmium chalcogenides (CdS, CdSe, CdTe) were taken as the
base material. A slurry having this powder (CdS or CdSe or CdTe) with 10% of
cadmium chloride (as adhesive) and suitable amount of ethylene glycol (as binder)
were prepared and mixed properly in an agate and mortar. The slurry was screen
printed on glass substrate through a silk screen. The coated films were then dried
at 120 °C for three to four hours. Finally, the films were further fired for 10 min at
450–500 °C in a muffle furnace.

Structural characterization for the films was carried out by XRD studies,
reflectance measurements were carried out to calculate the optical band gap (Eg). DC
electrical conductivity measurements for the films were made on usual two-probe
system.

3 Results and Discussion

XRD graphs of these binary cadmium chalcogenide films were recorded at room
temperature and are presented in Fig. 1. The existence of intense peaks in these
graphs authenticates the polycrystalline character of the coated films. The sharp
and strong peaks specify the development of well-crystallized films. The additional
details on the XRD graphs of these binary cadmium chalcogenide films have been
described by the authors somewhere else [12, 13]

It is mostly stated that almost all binary cadmium chalcogenide semiconductors
have direct transition of band gap [1]. The optical band gaps (Eg) of these slurry
coated films were calculated by UV/Vis spectroscopy in reflection mode. As stated
by Tauc [14], the absorption coefficient (α) of direct band gap semiconductors is
expressed as

αhν = C(hν − Eg)1/2 (1)

where C is constant and other symbols has their usual meaning. For calculating
the band gap from reflection data, a graph of (αhν)2 or hν ln [(Rmax − Rmin)/(R −
Rmin)]2 (on y-axis) and (hν) (on x-axis) is plotted as here absorption coefficient (α) is
proportional to ln [(Rmax − Rmin)/(R − Rmin)] [7]. The extrapolation of linear part of
this graph to x-axis provides the value of band gap of material under investigation.
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Fig. 1 XRD graphs of slurry
coated binary cadmium
chalcogenide films

The plot of hν ln [(Rmax − Rmin) / (R − Rmin)]2 versus ((hν) for the binary cadmium
chalcogenide films is illustrated in Fig. 2.

The values of optical band gap (Eg) acquired form Fig. 2 is displayed in Table 1.
It is clear from the study of band gap that a wide range of band gap, i.e., from

1.48 to 2.47 eV can be obtained by these binary cadmium chalcogenides. This wide
range of band gap is indicative of the fact that these films can be exploited in the
optoelectronic technologies for specific requirements.

Fig. 2 Plot of hν ln [(Rmax − Rmin)/(R− Rmin)]2 versus ((hν) for the binary cadmium chalcogenide
films
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Table 1 Calculated values of
band gap of binary cadmium
chalcogenide slurry coated
films

Composition Optical band gap (eV)

CdS 2.47

CdSe 1.74

CdTe 1.48

Fig. 3 Plot of ln σDC versus 1000/T for slurry coated binary cadmium chalcogenides

The DC electrical conductivities in dark for the coated films were measured in the
range of temperature 300–400 K by two-probe system. A DC voltage was applied
across the film and corresponding current was studied by a Keithley electrometer.
A copper constantan thermocouple was employed to record the temperature of the
films. The measurement of electrical conductivity was done by coating small film
on glass substrate on which indium electrodes with small gap were pre-coated. The
plot of log (σ ) versus 1000/T for the coated films is represented in Fig. 3.

Itwas observed that conductivity increaseswith increase in temperature specifying
the semiconducting nature for all the films. The increase in conductivity can be
accounted for the growth of crystallite size and increase in carrier density [1]. The
linear nature of plot of log (σ ) versus 1000/T curve shows that the conductivity of
these films is fitted with the Arrhenius equation and conduction in these films is
due to thermal activation of charge carriers. The activation energies of the coated
films were evaluated from the slope of the graph of log (σ ) versus 1000/T (Fig. 3).
The electrical conductivities and activation energies calculated for binary cadmium
chalcogenide films are mentioned in Table 2
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Table 2 Calculated values of
electrical conductivity and
activation energy of binary
cadmium chalcogenide slurry
coated films

Composition Electrical conductivity
(�−1 cm−1)

Activation energy (eV)

CdS 2.42 × 10–3 0.16

CdSe 3.55 × 10–6 0.25

CdTe 3.72 × 10–6 0.21

4 Conclusions

It is hereby concluded that binary cadmium chalcogenide films (CdS, CdSe, CdTe)
were synthesized by low cost and simple slurry coating method. The polycrystalline
behavior of the coated films was ensured through XRD analysis. The optical band
gap of the coated films alters from 1.48 to 2.47 eV. The DC electrical conductivity of
these films is well fitted with the Arrhenius equation. The obtained results indicate
the suitability of these slurry coated films in different optoelectronic technologies.
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An Integrated Maintenance
Management: A Practical Approach

B. Hari Prasad and Mahesh Bhardwaj

1 Introduction

In recent years, there is considerable change in production and process industries.
The market is driven by variety, quality and delivery performance. The product life
cycles are shrinking day by day. The flexible manufacturing is the new advancements
adopted by manufacturers. Just-in-time is the new material technology applied by
industries to work without inventory. Industries have utilized state of the art tech-
nologies to minimize adjustment and set up time of machines as discussed by Prasad
[1]. As compared to earlier culture of breakdown maintenance, manufacturers are
focusing on early maintenance. The organizations or companies are more focused
on preventive, predictive and productive maintenance. Even Internet of things (IoT)
has been invoked by organizations for maintenance tasks. However, the produc-
tion/process organizations/companies have invested heavily in new equipment in an
effort to become less labour intensive.

2 Integrated Maintenance Management

An integrated approach to maintenance can be termed as integrated maintenance
management. The three subsystems of maintenance are as under:

• Management of maintenance
• Maintenance of operations
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Fig. 1 Continuous improvement of maintenance effectiveness

• Management of equipment.

The aim of management through integrated maintenance approach is to provide
a methodology for an effective and continuous maintenance. The philosophy behind
this proposal is as enumerated below:

• There is a requirement of designing a comprehensive audit for maintenance
department. This will tell us exact state of maintenance.

• Development of tools for correct analysis of audit results. This will help in estab-
lishing the current maintenance state and will help in identifying potential areas
for improvement.

• The bestmaintenance practices help in setting up higher goals. This benchmarking
will give improvement in a different dimension.

The proposed framework for an effective continuous improvement programme is
shown in Fig. 1.

2.1 Management of Maintenance

2.1.1 Organization

The productive maintenance activity can only be implemented by a well-designed
maintenance department organization. The organization chart should be complete
and always current. It should also take the following issues into considerations:
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• The ratio of supervisors to craftsmen should be appropriate.
• The number of planners should be proper.
• Necessary support functions to be in place.
• The maintenance response to be quick.

2.1.2 Employee Training and Motivation

Good quality maintenance work can only be ensured with proper training, good
working environment and necessary support system. It requires proper planning,
requiredmaterial and accurate supervision. The resultwill bemotivated the employee
with good performance. The same was discussed by Misra [2].

2.1.3 Planner Training

Planning is a critical function of department handling maintenance function. Proper
training of planner should be ensured. The planner will focus on the following
activities:

• To determine the content in a job.
• The duration of all contents in a job.
• To plan the entire work process utilizing industrial engineering techniques.
• To determine the number of skilledworkers required for the job utilizing industrial

engineering techniques.
• Planner will estimate the material, spare parts and tools required for the job.
• Planner will plan and schedule the work orders.
• To estimate costs.

2.1.4 Maintenance Control

The thoroughmaintenance control systemwill help in identifying delays. The correc-
tive action can be carried out and that will help in better labour and cost control. This
is possible since it is based on factual data and identification of areas having high
potential for improvement. Such a system as discussed by Prasad [1] and it includes:

• The status information of work orders. There estimated time can be compared to
actual time.

• The productivity reports can be generated for maintenance.
• The overtime, backlog and emergent work can be depicted through charts and

graphs.
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2.1.5 Supervision by Maintenance Supervisor

The planner plays an important role here. He should relieve the supervisor account-
able for maintenance from the role of planning and scheduling. This will help him
to focus mainly on maintenance function.

2.2 Management of Maintenance Operations

2.2.1 Work Measurement

Good maintenance practice requires proper planning. Time standards are required to
plan proper planning.

2.2.2 Maintenance Scheduling

The daily maintenance scheduling should match with planner function and accord-
ingly day-to-day work orders should be scheduled. Apart from issuing daily sched-
ules, this function determines the priority of work orders, follow-up their progress
and track the backlogs.

2.2.3 System of Work Order

A well-designed works order form and procedure is a necessity for maintenance
management system. All stakeholders involved in a maintenance job request and get
the clear communication by this system. They include support function staff, planner,
supervisor, requisitioner and craftsman. This also ensures proper documentation of
maintenance work for analysis and exact corrective action. Thus, works orders are
essential for all maintenance work.

2.2.4 Control of Materials and Tools

The timely availability of tools and spare parts are necessary to avoid any form of
delays in the maintenance activity. It necessitates an installation of computerized
inventory control system. This will help in deciding optimal order quantities. This
will also help in having appropriate interface and co-ordination procedure between
maintenance department and warehouse.
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2.3 Management of Equipment

2.3.1 Equipment History and Preventive Maintenance

A comprehensive preventive maintenance system reduces maintenance costs.
However, it requires well-trained preventive maintenance inspectors who are well
versed with well-maintained equipment history and are dedicated to preventive
maintenance work.

In preventive maintenance system, a checklist provides lists of preventive main-
tenance work for each part of equipment required to be maintained. The preventive
maintenance route in its schedule provides the sequence of equipment to be worked
in a given period. The actual preventive maintenance work carried out on a daily
basis is covered in its reports.

Equipment history is required to be well maintained. It is an important part of
preventive maintenance system. The regular analysis of this history is mandatory.
It will help in adjusting the preventive maintenance schedule. The overhaul and
replacement policies can also be developed based on this analysis.

2.3.2 Management of Predictive Maintenance

The management of predictive maintenance was introduced to Japan from America
in the 1950s. This was the time when the Japanese process industries were beginning
to get back on their feet after the war. Predictive maintenance management has been
defined by Hartman [3]. According to him, it is the extrapolation of graphic trends
of measured physical readiness of equipment when compared with its known engi-
neering limits. It involves the periodic measurements of vibration velocity, tension,
pressure, alignment, wear, heat, resistance, capacitance, etc. This is done for the
purpose of detecting, analysing and correcting equipment problems before failure.
The predictive maintenance management should be applied to all critical equipment.
Mean time to repair should be calculated through analysis of equipment histories.

2.3.3 Equipment Management Programme

Flexible manufacturing systems warrant maintenance function with the increase in
automation and acquisition of high-tech equipment by many organizations. Effi-
cient equipment management programmes ensure peak performance and it also
ensures high availability of equipment. The philosophy of total productive mainte-
nance (TPM) is promising in this context since it focuses on reduction in equipment
losses. The various losses in equipment identified by Nakajima [4] are as under:

• Failure of equipment.
• Losses during setting and adjustment of equipment.
• Losses due to idling of equipment.
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• Losses due to minor stoppages in equipment.
• Losses due to reduction in speed of an equipment.
• Losses due to defects in process.
• Losses due to reduction in yield.

The availability of equipment, efficiency of equipment and quality of product are
affected by these losses. Equipment effectiveness must take into consideration in all
these aspects when measuring.

Both the Japanese or western style approach to TPM focuses on zero defects, zero
accidents and zero breakdown. TPM experts Nakajima, Hartmanm, Willmott and
wireman all agree on this aspect. The operational element of any TPM programme
is based on five pillars of TPM development. These are summarized by Nakajima
[5] as:

(i) The designed improvement activities to be implemented to increase equipment
efficiency.

(ii) Equipment operators to propagate autonomous maintenance. The operators are
to be trained in equipment skills.

(iii) The efficiency of the maintenance department will be increased by a planned
maintenance system.

(iv) The skill levels of equipment operators will be enhanced with planned training
courses.

(v) A system to be established where maintenance prevention is part of design. An
early equipment management is part of maintenance activity.

2.3.4 Measuring and Improvement of Maintenance Productivity

The productivity needs to be measured to ensure effectiveness of any maintenance
system. Then only areas can be identified where improvements can be made. The
formulation of appropriate improvement programme is only feasible after audit of
current status. The steps to be followed in audit of maintenance system are as under:

• A survey using a well-designed questionnaire to be carried out which will aim at
comparing the current practices with what they should be.

• The analysis to be carried out of data gathered in above step.
• Based on the analysis improvement programmes to be formulated.

3 Benchmarking

The best strategies in maintenance be implemented through benchmarking by
searching the best maintenance practice. There are many approaches to bench-
marking. One of the simple benchmarking techniques is to priorities the list of
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activities to be benchmarked. This should also include the list of activities which
are not required to be benchmarked.

4 Conclusion

The maintenance management is a requirement of current age organiza-
tions/companies due to tough competition and shrinking profit margins. The indus-
tries no longer can afford losses occurring for any mundane reason it may be. This
is a reason enough for industries to adopt an integrated maintenance management
system. Through this paper, an effort is made to present a methodology for an inte-
grated maintenance management system which can effectively be implemented by
any product/process industry.
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Synthesis and Flexural Behavior of Silica
Coated ABOw Reinforced Aluminum
Matrix Composites for Structural
Application

Neeraj Pandey, S. C. Ram, I. Chakrabarty, and M. R. Majhi

1 Introduction

Aluminum alloys and its composites have been extensively used in military indus-
tries, aerospace, auto industries and transport, marine industries, construction struc-
tures and electrical industries due to their lightweight, low density, high strength and
ease of fabrication [1–3]. Reinforcements used may be continuous, discontinuous or
particulate in nature.Whiskers are gaining their importance as reinforcements as they
provide large surface area for bonding with matrix material. The whiskers mainly
used as reinforcements are SiC, Mg2B2O5, Mg2Si and ABOw [2, 4–9]. Among
these, ABOw is gaining importance as they are low-cost one-dimensional mate-
rial. The ABOw (Al18B4O33) samples may have potential oxidation resistance, and
the physical properties such as bulk density 1.46 g/cm3, open porosity 54.4 and
linear shrinkage percentage −1.8% and flexural strength 51 ± 2 MPa at 1300 °C
sintering temperature [10]. Several fabrication techniques using whiskers as rein-
forcements have been reported for production of such composites such as squeeze
casting, stir casting and centrifugal casting [11]. However, due to lack of research
work reported on powder metallurgy route for the fabrication of coated ABOw
whiskers reinforced composite. Wang et.al. found that the ABOw was generally
prepared by sol–gel method [12]. Gao et al. [13] reported that by coating of ABOw
and the addition of soybean sacrificial filler in the matrix, the volume fraction of
whiskers decreased, but the ultimate tensile strength remains unchanged. Yue et al.
[9] also found that by coating a suitable layer of Zn, Cu, Ti, Al or Ni oxide on
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ABO whiskers, the interfacial reaction product Al4C3 reduces. Many researchers
have studied ZrO2, Al2O3 reinforced aluminum metal matrix composites but their
tensile and fracture behavior needs much improvement. Roseline et al. [14] varied
ZrO2 percentage in ceramics and found that the impact strength and tensile strength
are slightly enhanced with improved ductility. The higher porosities developed in
the composites due to stir casting process causes low strength of components. The
adaptation of powdermetallurgy route shows better results in respect to lower porosi-
ties and defect-free ceramic reinforced composites fabrications. The desired shape
component was obtained which requires minimummachining [15–17]. In the current
work, the coating of SiO2 particles was introduced into the preparation of ABOw/Al
composites. The composites were fabricated by powder metallurgy route.

2 Experimental Procedure

2.1 Raw Materials Used

Aluminum borate whisker (ABOw) powder size (>10–20 μm) was synthesized by
hydrolization route using alumina (Al2O3) and boric acid (H3BO3) and calcined at
1300 °C for 4 h and used as reinforcement [18], the mass ratio of SiO2 to ABOw
selected was 1:10 [18]. Firstly, fine SiO2 size (>40 μm) and purity (99%) procured
from CDH private limited New Delhi were taken as a starting material to form a
clear sol from mixing with distilled water for 20 min. The aluminum powder (purity
99.5%) particle size (>45μm)CAS: 1344-28-1was used asmatrixmaterial procured
from Poly-Chem private India Limited, Bangalore.

2.2 Coating of ABOw with Silica

As shown in Fig. 1, ABOw powder was mixed with the SiO2 sol under a certain
condition, and thenfiltered and dried at 110 °C for 2 h and dried powderwas thermally
heat treated at 500 °C for 4 h in air. Then cooled down to room temperature naturally

Fig. 1 Coating process of ABOw
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in air, nowwhiskers could be easily dispersed in distilledwater for sonication using an
ultrasonic vibration apparatus for 45 min to prevent whisker agglomeration. Finally,
the preform was calcined at 1100 zC for 1 h to obtain coated ABOw with sufficient
strength.

2.3 Composite Sample Formation

The aluminum metal powder was vigorously mixed with ethanol in magnetic stirrer
for 40 min, then coated ABOw was added in required percentage through a mechan-
ical method, now the dried mixture was cold isostatic pressed at 250 MPa for
3 min to obtain green compacts, which would be kept at elevated temperature to
remove residual gases. Rectangular pellets for flexural strength of dimension 40 ×
10 × 10 were fired in argon gas environment in a sintering furnace at heating rate
3 °C/min followed by heating at 580 °C and 90 min soaking time then cooled to
room temperature.

2.4 Characterization Methods

X-RayDiffraction byRigakuSmart Laboratory at 40 kVand 15mAusingCuKα (λ=
0.154 nm) radiation was used to confirm the phases in sintered composite samples.
Microstructures were studied using scanning electron microscopy (SEM) ZEISS
EVO 18 and high resolution scanning electron microscopy (HRSEM) operating at
20 kV was used to identify the morphologies of sintered composites. Transmission
electron microscopy (TEM TECHNAI G2 T20) operated at 200 kV was carried out
to study morphology and crystal structures of coated ABOw reinforcement. The
TEM thin foils having 3 mm in diameter and 0.3 mm in thickness were prepared by a
twin–jet electro polisher operated at− 30 °Cwith 20V using of 30%HNO3 and 70%
methanol. Density of the composites was calculated using Archimedes’ immersion
method. The bending strength is measured by universal testing machine using Tinius
Olsen (H10KL) with a crosshead speed of 0.15 mm/min. Flexural strength was
calculated using the following expression:

Flexural Strength = 3FL

2bt2

where F is the load at failure, L is the distance between the supports, b is the sample
width and t is the thickness of the sample.



152 N. Pandey et al.

3 Result and Discussion

3.1 Measurement of Density and Porosity

The density of three samples of each composite with different volume fractions was
calculated using immersionmethod based onArchimedes’ principle. Initially, the dry
weight of sample has been measured then all samples have been suspended in water
by using thread, and soaked weight was measured. Below mathematical equations
are used for calculating the density and apparent porosity [18]. Finally, the average
porosities and density were calculated for each composite.

Apparent porosity (A.P %) = X100

Bulk Density (B.D gm/cm3) = D/(W − S)

where W = suspended weight in gm. S = soaked weight in gm. D = dry weight in
gm.

Figure 2 shows the density porosity variation with varying percentage of coated
ABOw. It can be observed that the density of the specimens decreases with increasing
the volume fraction of coated whiskers in the aluminum matrix. However, in 5 wt.%
coated ABOw, the percentage porosity increased due increase in whiskers amount
up to 5%. Also, the increased percentage of whiskers increases the average porosities
in the sintered composites.

Fig. 2 Physical properties
of base alloy and composite
samples
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Fig. 3 XRD patterns of a SiO2 coated ABOw sintered at 580 °C for 90 min, b ABOw calcined at
500 °C for 4 h and calcined at 1100 °C for 1 h

3.2 Microstructural Examination and Phase Determination

3.2.1 XRD Analysis

XRDpatterns of aluminummatrix composites samples sintered in the range of 580 °C
for 90 min are shown in Fig. 3a. It shows that except aluminum and coated ABOw,
other phases were not detected. However, it can be observed that in sample C2 and
C3, the coated ABOw volume percentages increases, the peaks height of aluminum
matrix decreases.

Moreover, from XRD results as shown in Fig. 3b shows two phases of SiO2 at
low temperature (500 °C), low tridymite with ABOw (JCPDS, 11-0252) and at high
temperature (1100 °C) coesite with ABOw (JCPDS, 83-1833) are present. It can be
seen no reaction between SiO2 and ABOw and it takes place upon calcination at
1100 °C for 1 h.

3.2.2 Electron Microscopy

The SEM images are shown in Fig. 4 for all sintered composites and reinforcement,
respectively. The SEM image shows and it was found that, after sintering, the uniform
distribution of reinforcement inmatrixmaterials offered excellent flexural properties.
However, some regions as shown in Fig. 4d with high whisker percentage are more
porous due to agglomeration of whiskers.
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Fig. 4 SEM micrographs of a aluminum alloy, composite with SiO2 coated, b 5 wt.%, c 10 wt.%,
d 15 wt.% ABOw whiskers sintered at 580 °C

3.2.3 Characterization of Reinforcement and ABOw/Al composite

The TEM bright field images with corresponding selected area diffraction patterns
(SADP) of ABOw powder are shown in Fig. 5. The crystal parameters of micro-
whisker were determined as a = 7.6874 Å, b = 15.0127 Å and c = 5.6643 Å [12].
The parameters confirm the orthorhombic structure of ABOw reinforcements as

Fig. 5 Bright field image of coated ABOw and a higher magnification ABOw (inset) b ABOw/Al
and corresponding SAED (inset) of composite sintered at 580 °C
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Fig. 6 HRSEMimageof reinforcement,a calcined at 1300 °Cwithout coatedABOwcorresponding
single whisker (inset) and b coated ABOw calcined at 1100 °C

shown in Fig. 5a. Figure 5b shows typical ABOw/Al composites reinforced with
coated SiO2 particles. It was observed that the surface of the whisker layer shows
very smooth and also observed that zig-zag appearances due to clean and fine SiO2

surfaces. In contrast, it was also observed that there is a clean interface between ABO
whisker and pure aluminum and no interfacial reaction occurs with matrix.

The energy dispersive spectrometry specific region shows that the whisker surface
is shown in Fig. 6a without coated alumina borate and Fig. 6b It clearly shows the
presence of SiO2 thin layer, confirming the coating on ABOw. It was confirmed that
the tight interface bonding also occurred between the whiskers and SiO2 particles.

3.3 Mechanical Characterization

3.3.1 Vickers Hardness Measurement

The measurements of microhardness of the each composite sample have been done
using Vickers hardness tester of 1Kg load. The hardness and flexural strength are
shown in Fig. 7. The hardness of the samples increaseswith increasing the percentage
of coated ABOw in the matrix. The hardness of aluminum sample and composites
C1, C2 and C3 were calculated as 27, 38.9, 45.2 and 40 Hv, respectively. This may
be due to inhibition of the progress of plastic deformation by whiskers present in the
matrix.
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Fig. 7 Measurement of
flexural strength and
hardness properties of alloys
and coated composites

3.3.2 Flexural Strength

The flexural strength of aluminum sample and composites can be determined on the
basis of matrix type, whisker aspect ratio and volume fraction. The flexural strength
of coated composite C1, C2 and C3, respectively as 125, 167, 178 and 173MPa were
observed. Resultant, it was found that in (C2) 10 wt.% coated ABOw-Al composite
has more flexural strength, i.e., 178 MPa.

3.4 Fracture Surface Analysis of Flexural test-

In Fig. 8a, the fractured surface of aluminum sample after three-point flexural test at
room temperature shows a ductile nature along the micro-holes and dimples on the
surface and whisker-free weak areas in the composite. Thus, the resulting in a lower
strength. The fractographs of coated ABOw/Al composites are shown in Fig. 8b–d
reflect brittle nature of fracture specifically at whisker andmatrix interface. However,
Fig. 8d shows more agglomerates of aluminum on the fracture. The incorporation
of SiO2 coatings in the whisker-reinforced composite has a tendency to hinder the
bond strength effect due to weakening of Al matrix alloys.

4 Conclusion

In this study, Al-SiO2 coated (ABOw) metal matrix composite has been developed
with the variations of SiO2 coated ABOw reinforcements. On the basis of result and
discussions, the following conclusions have been drawn:
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Fig. 8 Fractography images of a aluminum, composite SiO2 coated ABOw with b 5 wt.%
c 10 wt.%, d 15 wt.% sintered at 580°

TheSEM,HRSEMwere used formicrostructures observations, i.e., phases aswell
as grain structure, and TEM analysis was done to characterized the morphological
and discontinuous structure of the micro-whiskers with matrix. SiO2 is the strongest
because of high density and low porosity at 1100 °C coesite phase is formed which
is very dense. The density of the composite decreases with increasing percentage of
whisker in the matrix due to increase in porosity with increasing content of coated
whisker. The microhardness of composite improved in 10 wt.% coated ABOw/Al
with reduced porosity and more better bonding between matrix and reinforcement.
The flexural strength around 178 MPa 10 wt.% coated ABOw reinforcement was
observed due to lower porosity than 15 wt.% coated ABOw/Al sintered samples.
The following factors pertaining to reinforcement can be attributed:

(a) The coated whiskers are shows the uniform distribution, (b) the debonding
particle due to detachment of coated ABOw from the matrix shows whiskers are
unbreakable under the application of load.
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Advancement and Challenges in Latent
Heat Thermal Energy Storage System

Jayesh Kumar, Pushpendra Singh, and Rajesh Kumar

1 Introduction

Heat is stored in the material by rising of the temperature of material recognized as
sensible heat storage and transformationof phase ofmaterial at a constant temperature
is considered as latent heat storage. The material which changes the phase during
absorbing or releasing of heat is known as phase change material (PCM). Solid to
liquid is more promising as high latent heat of phase transformation comparatively
from solid to solid phase transformation and less volume change comparatively from
liquid to vapor phase change.Mass and latent heat of enthalpy of PCMdecide amount
of heat stored in thermal energy system. Latent heat thermal energy density is nearly
ten times higher of sensible thermal energy density [1]. PCMworks as thermal energy
storage system (TES) should manifest specific thermophysical, kinetic and chemical
properties [2].

Thermal Properties

1. A liquefy temperature in the operating span of application and an elevated latent
heat of enthalpy per unit volume (it is diminished material required for given
amount of energy).

2. There should be an elevated specific heat to yield significant supplementary
sensible heat capacity with elevated thermal conductivity, thermal reliability and
stability.

Physical Properties
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1. Minimumvolume change on phase transformation—Itminimizes the complexity
of design of heat exchanger.

2. A high density, congruent melting of the PCM and phase separation—A high
density helps to minimize the size of container to store given amount of energy.
The composition of the liquid that is formed after melting same as that of the
solid known as congruent melting. Bottom sediment salt promotes the incon-
gruent melting of salt. Stirring, encapsulating the PCM, addition of the thick-
ening agents, rolling cylinder and addition of extra water in supersaturated salt
solution are same methods suggested by the researchers [2]. Salt hydrate PCMs
must be used in air-tight containers to prevent exposure to the atmosphere as
TES [3]. Otherwise, there would be loss of water via evaporation which would
critically affect the performance of the salt hydrate PCM.

Kinetic Properties

Supercooling—Solidification of PCM below the melting temperature (range gener-
ally 10–20 °C) due to poor nucleating properties and inadequate rate of crystallization
is known as supercooling. Heat transfer rate from thermal energy storage system to
application is markedly changed due to supercooling as temperature gradient shrink.
Addition of nucleating agent, rough metallic heat exchanging surface in contact with
the PCM and cold finger (Confined cold area) in the PCM can reduce the effect of
supercooling [2].

Chemical Properties

It should be chemical stable. Flammability, toxicity, explosiveness and corrosiveness
should not be exhibited by material.

2 Classification of PCM

PCM is classified generally in to three categories by the researchers mainly organic,
inorganic and eutectic [2, 4].

2.1 Organic

Organic PCM compound has carbon atoms in its structure. It exhibits poor thermal
conductivity in span of 0.1–0.7 W/mK [5]. Organic compounds manifest the volu-
metric phase transformation storage capacity in the span 125–200 kJ/dm3 [3]. It
takes lead from the non-organic by favorable physical properties of melting and
solidification [3].
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Paraffins—Paraffin consists of straight long chain alkanesCH3–(CH2)n–CH3. Chain
length decides the phase transformation temperature and latent heat of phase trans-
formation of the paraffin [2]. Alkane consistingmelting temperature in the domain of
6–80 °C possess 14–40 carbon atoms [3]. Main challenges are poor thermal conduc-
tivity and moderate flammability of material. Generally, its melting temperature is
low. Hence, it is used only for low temperature application. Low cost, chemically
stable, little volume changes on melting, freeze without supercooling and low vapor
pressure in the melting form, congruent melting, good nucleating properties and
moderate latent heat of enthalpy are the favorable properties of paraffin [3].

Non-paraffins—Non-paraffins show highly varied thermophysical properties as
consisting of numerousmaterials. It consists of number of esters, fatty acids, alcohol’s
and glycol’s considerable for TES. Flammability is themajor issue with poor thermal
conductivity of non-paraffins.

Fatty acid—It shows corrosion with thermal energy storage system container [4]. It
has higher latent heat of transformation than that of paraffin and low supercooling
[2]. It is costlier about 2–2.5 times than the price of technical grade paraffin [2].

Sugar alcohols—Erythritol and xylitol exhibit considerable volumetric storage
densities up to 450 MJ/m3 [6]. But erythritol and xylitol are not suitable for mobile
thermal energy storage applications. Erythritol has a wide range of melting tempera-
ture. High supercooling and high price of erythritol and xylitol aremain drawback for
thermal energy system [6]. D-Mannitol is combined with O2 from the environment
in open container and change into metastable material with degradation. Hence, the
thermal energy system should be air-tight for sugar alcohols.

2.2 Inorganic

It is the material which does not accommodate carbon and is also not extracted from
living material.

Salt hydrate—Salt hydrate of general formulaAB.nH2O [2] is formed by addition of
water in the anhydrous salt at room temperature. Bond strength of water molecules
and salt decide the latent heat of phase transformation [5]. Major advantages are
moderately higher thermal conductivity (0.4 and 0.7 W/mK), inexpensiveness and
safe operation than that of paraffins. Decomposition, poor nucleating properties and
corrosion to the container of salt hydrate can limit life of thermal energy storage
system [2]. Incongruent melting and segregation may happen after several repeating
cycles. Due to the phase separation, salt amount in the liquid medium will be dimin-
ished with each successive cycle. Salt hydrates are not compatible with aluminum,
stainless steel and copper [5] but compatible with plastic and it is slightly toxic [2].

Metal and metals alloys—High heat convey capacity, high latent heat/volume and
minor volume expansion at phase transformation are major advantage on the paraffin



162 J. Kumar et al.

and salt hydrate. Weight, higher melting temperature as well as cost are major issues
for selection of metal as thermal energy storage system [2].

2.3 Eutectic

It is explained as a combination of two or more elements which usually do not form
a new chemical compound by interaction like NH2CONH2 + NH4Br, NH2CONH2

+NH4NO3, etc. [2]. It is usually done to reduce the melting temperature of material
to achieve the operating range of temperature of application or enhance the desirable
properties of PCM. Magnesium chloride hexahydrate (MgCl2·6H2O) has melting
temperature 117 °Cwith enthalpy 150 kg/kJwhich is not suitable for low temperature
water heating system. However, NH4Al(SO4)2·12H2O has high supercooling with
good latent heat of enthalpy (260 kJ/kg)withmelting temperature 93 °C [7]. The addi-
tion of 30% mass fraction of MgCl2·6H2O in the eutectic mixture MgCl2·6H2O—
NH4Al(SO4)2·12H2O reduces the melting temperature up to 64.15 °C with a very
low supercooling degree (0.74 °C).

3 Thermal Conductivity Enhancement of PCM

Organic and salt hydrates PCM have low thermal conductivity. Heat transfer rate
from/to PCM depends upon heat transfer area, thermal gradient and thermal conduc-
tivity of PCM. Enhancement of thermal gradient increases the irreversible thermal
loss of system. Hence, the heat transfer area and thermal conductivity of PCM are
on the limelight of the researchers to attain the required heat transfer rate demanded
by the application as demonstrated in Fig. 1.

3.1 Dispersion of Nanoparticles in the PCM

Researchers have experimented and simulated the utility of nanoparticles for
thermal conductivity magnification in the PCM like silica, alumina, titania, exfo-
liated graphite nanoplatelets, multilayer graphene nanoplatelets, multiwalled carbon
nanotubes, Ag nanowires and carbon black nanopowder, manganese dioxide
nanowires and nanotubes, etc. [8, 9]. Exfoliated graphite nanoplatelets in the bio-
based fatty acid improves the thermal conductivity from 0.154 (pure PCM) to
0.557 W/mK [8]. Graphite nanofiber (herringbone type) is added in the paraffin
(n-tricosane) 10% by weight by Omar Sanusi et al. [9]. It is found that graphite
nanofibers are effective additives for diffusion enhancement in all aspect ratios of
thermal containment unit of PCM.
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Fig. 1 Heat transfer enhancement method [4]

3.2 Heat Transfer Enhancement by Encapsulated PCM

Encapsulation sizes can be categorized according to the size of shell and named as
macro,micro andnano.AppasahebRaul et al. [10] examined the thermal properties of
Hytherm 600 PCM encapsulated by stainless steel. It is found that smaller diameter
has faster melting and solidification than that of larger diameter. Melting is not
uniform throughout of PCM capsule during phase transformation. It is stated that the
melting of the PCM in top portion is higher than the bottom portion in PCM capsules,
which is achieved by predominantly convection [10]. Although, the conduction is
the main approach of heat convey throughout the solidification. Sodium nitrate is
encapsulated in the capsule and heat transfer characteristics examined by Selvan
Bellan et al. [11]. It is concluded that when the thickness of capsules (polymer) is
surged about 66%, the total melting time of PCM in the capsules is extended around
15% as thermal conductivity of polymer is poor.

3.3 Dispersion of Thermal Conductive Fibers

High thermal conductive fibers like ceramics, metals and carbon materials are
dispersed in PCM to improve the thermal conductivity [12, 13]. Jun Fukai et al.
[12] examined the random and brush types carbon fibers dispersion in the paraffin.
They observed that the thermal conductivity improves with the volume fraction of
carbon fibers. They further stated that brush type carbon fibers manifest the highest
utility on the thermal conductivity enhancement of paraffin. This is happing because
the fibers from the brush type are oriented in the heat flow direction in the paraffin.
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3.4 Mixing of Metal and Nonmetal Powder in the PCM

Mettawee et al. [14] have investigated the effect of aluminummetal powder embedded
in the wax (paraffin). It is stated that the aluminum metal powder in the wax (PCM)
reduces approximately 60% of thermal charging time of TES. Wei Li et al. [15]
also examined the consequence of higher mass fraction of Al powder (1–2%) in the
paraffin. It is concluded experimentally that mass fractions of aluminum 1 and 2%
reduce the melting time about 22 and 39%, respectively. Highly thermal conductive
filler like graphite and nickel particles are mixed to magnify the thermal conductivity
of erythritol by Okinaka and Akiyama et al. [16].

3.5 Metallic Fins

Al-Abidi et al. [17] have probed the consequences of number of fins, fin length
and fin thickness in a triplex tube heat exchanger to explore thermal properties of
PCM during melting process. The complete melting time is diminished to 34.7%
by fins. It is stated that the melting time is diminished when the fin length and fins
thickness are increased. Recently, Aly et al. [18] have investigated the corrugated
fins consequences on the solidification rate of latent heat thermal energy storage by
numerical modeling. Corrugated fin reduces the solidification times by 30–35% as
compared to flat fins. Aluminum (Al) cross fins and stainless fins are also used in
the salt hydrate (sodium acetate trihydrate) to enhance the thermal conductivity [19].
Thicker Al fins (2–4 mm) has not significant effect on the thermal charging time of
PCM. Al cross fins is more effective in term of heat transfer during melting than that
of stainless steel.

3.6 Impregnation of Porous Material in PCM

Inclusion of copper metal foam in the PCM increases the heat transfer rate 3 to 10
times than that of pure PCM [20]. Heat transfer rate is considerable effect by the
metal foam cell size as the heat transfer area increases. PCM composite is fabricated
by impregnating porous graphite matrices with the paraffin by Mills et al. [21]. It
is stated that the thermal conductivity depends upon the compaction direction of
composite. Thermal conductivity boosts 30–130 times higher in the perpendicular
samples (heat flow perpendicular to compaction direction of composite) than that
of pure paraffins [21]. Researchers have also successfully used metal foam for salt
hydrate for thermal conductivity enhancement.
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4 Conclusion

Maximum research of thermal conductivity enhancement is found on the organic
material. There are very limited research papers available on the salt hydrate for
thermal conductivity magnification. Nanoparticle is in the limelight of researchers
for thermal conductivity magnification of PCM. Salt hydrates are more promising
than that of paraffin due to more latent heat enthalpy density and low cost, but
challenges for commercialization of salt hydrates as thermal energy storage system
are more critical and severe than that of paraffin. So, the future research work is
required to enhance the heat transfer rate in the salt hydrate by new techniques like
heat pipe.
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Modal Analysis of Twin S Shape Coriolis
Mass Flow Sensor

Resham Taluja, Rushali Pant, and Pravin P. Patil

1 Introduction

Coriolismassflowsensor is a device for flowmeasurementwhich depends on thefluid
and solid interaction in order to sense the changes in the solid structure generated due
to acceleration produced because of coriolis force acting on the geometry. Coriolis
flow meters consist of two parts, one the flow sensor also known as flow transducer
and second is the flow converter also known as flow transmitter. The flow sensors
comprises of vibrating tube, sensors, and drive system to provide external vibration
and structure to support the system. The flow converter gives input to the flow sensor,
process the flow sensor signal, and then gives the output.

PradeepGupta [1] performed experiments on various shapes (U, S, and L) of mass
flow sensor. The results indicate that the evaluated phase shift is directly proportional
to themass flow rate. The slope ratio ofU tube iswitnessed to be constant for different
parameters and maximum sensitivity is deduced for S and L tubes by varying the
sensor position. Sharma [2] carried out the modeling of omega shape CMFS made
up of copper to check it using ANN. Tao Wang has performed the literature survey
of development of CMFM in past years. Sharma [3] performed the analysis on U
type copper tube and checked performance of CMFS. Patil [4] has used the response
surface method (ESM) for optimization of copper omega type CMFS. Advanced
coriolis mass flow sensors are independent of viscosity and density of flowing fluids.
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2 Cad Model and Material Properties of Twin Tubes

FEAsimulation of S shape tube is performed inANSYS.The inner andouter diameter
of the tube is kept constant of all the profiles of S tube. The length of both the profiles
is 400 mm and the semi distance is 150 mm. Figure 1 shows the profile of the tube
and Fig. 2 shows the mesh model generated in order to carry out the modal analysis
of the tubes. The analysis is performed for two materials of the tube: copper and
stainless steel. The properties of the materials of the tube are shown in Tables 1 and

Fig. 1 Profile of twin tube

Fig. 2 Mesh model of the twin tube
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Table 1 Material properties of tube materials

Tube material Density (kg/m3) Young’s modulus
(GPa)

Poisson’s ratio Coefficient of thermal
expansion

Copper 8940 128 0.360 17.10e−6

Stainless steel 8000 193 0.265 15e−6

Table 2 Material properties of water

Fluid Density (kg/m3) Young’s modulus (GPa) Poisson’s ratio Coefficient of thermal
expansion

Water 1000 2.2 0.2 2.14e−6

2 give the property of water which is used as a working fluid.

3 Results and Observations

In this study, two twin S shape coriolis mass flow sensors were designed and simu-
lation was done using FEA method to calculate the frequency for all three profiles.
First, the natural frequency achieved in modal analysis is known as fundamental
frequency. It is the resonance frequency for twin S shape tube filled with the fluid
(water).

Frequency of copper twin tube for mode 1 is 39.468 Hz and for mode 6 is
51.724 Hz. The frequency observed for copper twin s shape tubes is given in Table
3. Mode shape generated for six modes are shown in Fig. 3.

Frequency observed for stainless steel twin tube is 50.2 Hz for mode 1 and
65.348 Hz for mode 6. Table 4 shows the frequency variation of stainless twin S
shape tube. Figure 4 shows the mode shape generated for all six modes for stainless
steel. Figure 5 shows the frequency variation graph for six modes for two twin tubes.

Table 3 Frequency variation
for copper twin S shape tube

Modes Frequency

1 39.464

2 39.846

3 42.174

4 42.875

5 51.391

6 51.724
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Fig. 3 Six mode shapes for copper twin s shape tube

Table 4 Frequency variation
for stainless steel twin S
shape tube

Modes Frequency

1 50.2

2 50.658

3 53.299

4 54.174

5 64.925

6 65.348

Fig. 4. Six mode shapes for stainless steel twin S shape tube
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Fig. 5 Frequency variation graph for six modes for two twin tubes

4 Conclusion

Modeling of twin S configuration tubes is done in Catia v5 and finite element analysis
for three profiles is performed in ANSYS 16.2 to assay the fundamental frequency
and mode shape results for each tube. The frequency is measured in Hz. For each
tube, resonant frequency is 39.464 and50.2Hz.By calculating the resonant frequency
of the tubes, the initial step for this research has been completed. In the future, the
results achieved in this analysis can be used for simulation as well as for experimental
process to be carried out for coriolis mass flow sensor under varying sensor positions
and mass flow rate.
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Study of the Effect of Leak Location
in Water Pipeline Using CFD

Nagendra Singh Ranawat and B. P. Nandwana

1 Introduction

Pipeline transportation system is most economic and efficient method to transport
water, oil, gas, etc., from one place to another. This method of transportation and
distribution system is growing continuously but is prone to various risks. Leakage in
pipeline is one of the major problems worldwide [1]. Leak in pipe is caused mainly
due to corrosion, pressure surges, engineering failure, earthquakes, movement of
grounds or may be caused due to the human activities such as excavation, construc-
tions or theft [2]. Leakage in the system is costly in terms of water loss, adverse water
quality effect and energy consumed for supplying water through leak [3]. Therefore,
leak must be detected and located as early as possible to reduce the consequences of
leak.

Various leak detection systems (LDSs) are available which are used to detect and
locate leak. These LDSs are broadly classified into two groups: external LDS and
internal LDS [4]. External method uses sensing device to sense the escaping fluid
outside the pipe through leak, while internal method uses the field sensor output
that monitors the flow parameter continuously and on basis of changes in these flow
parameters decides the occurrence of leak. Internal LDS is most commonly used as
it is cheaper, can be easily installed in the existing system and can even monitor the
pipeline continuously.

Leak can be spotted by observing the pressure at the outlet pipe and comparing
it with the healthy state of the outlet pipe [5]. When the leak occurs, the sound is
generated at leak location which can be captured using vibration/acoustic sensors
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and leak can be detected on basis of the noise generated due to leak [6–8]. A drop-
in pressure takes place at leak location which causes pressure oscillation in fluid
which propagates as pressure signal at speed of sound known as negative pressure
wave through the fluid and away from leak location in opposite direction. Leak can
also be detected by analyzing the negative pressure wave which is generated due to
occurrence of leak [9–11]. Leak can be located by using gradient intersectionmethod
which uses the phenomenon that when leak occurs pressure drops linearly for each
point but at the same time pressure before leak drops significantly and pressure after
leak drops slowly. The location of leak can be determined using intersection of these
two curves [12].

Numerical modeling and simulation using CFD is a new area to analyze the effect
of the flow parameters due to occurrence of leak. A very few literatures are available
in this area which is discussed here. Ben-Mansour et al. carried a CFD simulation on
a pipewith length 1m and diameter 0.1mwith a leak of size 1mm× 1mm and found
that leak causes fluctuation in both pressure and pressure gradient across pipeline
at leak location [13]. Zeng and Luo performed simulation to analyze the effect of
inlet mass flow rate and pipe length on total pressure drop due to occurrence of leak
and found that mass flow rate has significant effect on pressure drop as compared to
pipe length [14]. Araujo et al. conducted hydrodynamic study of leakage in pipeline
usingAnsys CFX to investigate the dynamic behavior of pressure and velocity in pipe
containing one or two leaks, and they observed that pressure drop due to leak may
vary based on the preexisting leak [15]. Jujuly et al. in their study found that flow rate
through leak increases with increase in operating pressure [16]. Sousa and Romero
found in their CFD simulation that leak can be identified by monitoring the pressure
and velocity field as they are influenced by the perturbations in both upstream and
downstream at leak location [17]. Wei and Masouri examined the effect of second
leak in pipeline, and they observed that occurrence of second leak does not cause
much effect in flow parameters but flow rate at first leak is always more as compared
to the second leak [18].

In this study, effect on flow parameters such as pressure drop, leak flow rate and
outlet velocity due to variation in location of leak is analyzed using Ansys Fluent
2019 R1.

2 Methodology

CFD simulation is an effective approach used to study the fluid flow characteristics of
interest. In this study, pipe of diameter 150 mm and thickness 9.15 mmwith a length
of 3 m was taken. To model pipe with different leak locations, a circular leak of size
10 mm was selected at different locations such as 0.5, 1, 1.5, 2 and 2.5 m from the
inlet. The geometry of pipe was modeled in SOLIDWORKS 2014 and was imported
to Ansys Fluent 2019 R1 workbench for simulation under steady-state condition as
shown in Fig. 1.
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Fig. 1 Pipe model with leak

The computational domain was discretized into a small domain known as
elements, and refined mesh was used around the leak to capture the flow variables as
shown in Fig. 2. The element for mesh was selected on the basis of the mesh inde-
pendency test conducted which is shown in Table1. The tetrahedral element with
mesh Set 2 in Table 1 was used for this discretization of the domain.

Fig. 2 Pipe model with leak after meshing

Table 1 Mesh independency
test

S. No. Total nodes Total elements Mass flow rate at
inlet (kg/s)

1 11,223 9,984 17.3509

2 21,098 19,125 17.4388

3 1,66,754 1,60,200 17.5893
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The boundary conditions used for the study were selected such that it simulates
the real flow conditions. The boundary conditions used in the analysis are as follows:

Inlet boundary conditions: To simulate a real condition in which supply is from a
source, velocity—inlet with water velocity 1 m/s is used.

Outlet boundary condition: Pressure—outlet was used to simulate real condition
where flow in pipe at section has a 1 bar gauge pressure. The velocity boundary
condition was not used as we want to analyze the change in outlet velocity due to
change in leak location.

Leak outlet condition: Pressure—outlet with zero bar gauge pressure was used as
leaks in normal condition are exposed to atmospheric condition.

Pipe walls: A standard wall with no-slip condition was used.
This study was limited to turbulent flow only; i.e., Reynolds number should be

greater than 4000. The value for turbulent kinetic energy and dissipation rate at
inlet was defined using intensity and viscosity ratio. The simulation was done using
realizable k-E model which is sufficient model to capture the turbulence features of
flow, and pressure-based solver was selected to solve the problem as water is an
incompressible fluid.

For pressure velocity coupling, PISO algorithm and second-order discretization
scheme were selected for flow variables, turbulent kinetic energy and dissipation rate
to discard any numerical errors and confirm accurate numerical solution.

The simulation was considered as converged when the maximum residual was
less than at least three orders of magnitude as shown in Fig. 3.

The CFD modeling used in this study is validated with the models available in
the literature. A CFD study on simulation of small leaks in water pipelines was
performed by Ben-Mansour et al. (2012).

They performed the simulation on 2-m pipe length having outside diameter of
0.1 m and modeled a square-shaped leak with dimension 1 mm × 1 mm. They
placed the leak at top middle section of the pipeline. The fluid velocity was taken
as 1 m/s, and the centerline pressure was varied from 1 to 6 bar. The pressure outlet
at leak hole was taken as atmospheric pressure, where gauge pressure is zero bar.

Fig. 3 Iteration for the converged solution
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Fig. 4 Validation of CFDmodel: a validation of proposed model with Ben-Mansour model. bCFD
estimated effect of line pressure on leak mass flow rate

Figure 4a illustrates the close match with the results obtained by Ben-Mansour et al.
(2012), thus validating the modeling adopted. The CFD simulation carried above
and summarized in Fig. 4b reveals that Qleak = C(�P)0.5 where Qleak is leak mass
flow rate (in kg/s), C is a constant and �P is difference between centerline pressure
and atmospheric pressure which is in close match with orifice equation [13].

3 Results and Discussion

The results obtained from the CFD simulation of leakage in pipe and effect in the
flow parameters due to the location of leak are presented below.

3.1 Variation of Pressure Drop

The pressure contours around the leak are shown in Fig. 5 which shows that there is
a high fluctuation of pressure around the leak hole, and this pressure fluctuation first
drops at upstream and then increases downstream till it matches the line pressure.

The pressure drops across the pipe with leak depend on the leak location in the
pipeline as in Fig. 6 which shows that pressure drop is minimum when the leak is
located close to the inlet but it increases as the position of leak goes away from
inlet. This happens because when the location of leak moves away from inlet, mass
flow rate at main outlet increases and mass flow rate at leak location decreases. This
results in high velocity and low pressure near main outlet. This low pressure at main
outlet results in increase in the pressure drop when the location of leak moves away
from the inlet.
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Fig. 5 Pressure contours at leak located at center (1.5 m from inlet)

Fig. 6 Pressure drop due to change in location of leak

3.2 Variation of Leak Mass Flow Rate

The leak mass flow rate is more if the leak is located close to the inlet but it decreases
as the location of leak increases from the inlet because the pressure at a location
decreases with increase in its distance from inlet so as the leak location moves away
from the leak the pressure at its location decreases. Due to this reduction, the pressure
difference between the leak location and outlet pressure decreases slightly resulting
in small reduction of mass flow rate at leak with increase in its distance from inlet
as shown in Fig. 7.

3.3 Variation of Outlet Velocity

The occurrence of leak decreases the velocity at outlet of the pipe as one part of the
mass flows through the leak. According to the conservation law,
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Fig. 7 Leak mass flow rate due to change in leak location

Fig. 8 Effect on outlet velocity due to change in leak location

Qinlet = Qleak + Qoutlet

Therefore, when leak mass flow rate changes then the flow rate at outlet also
changes to balance the conservation of mass at inlet which changes the velocity at
outlet.

Figure 8 shows the behavior of outlet velocity due to change in location of the
leak. When the location of leak is near to inlet, then more mass flows through leak
and as the location goes away from the inlet leak mass flow rate decreases resulting
in more mass through outlet which increases the velocity at outlet.

4 Conclusions

In the present study, change in behavior of various flow parameters such as pressure
drop, leak mass flow rate and outlet velocity due to the presence of leak and variation
in them due to change in the location of leak were studied. The conclusions from the
analysis are as follows:
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• There is a huge pressure fluctuation around the leak taking place which changes
the overall pressure drop of the pipe. The pressure drop increases with increase
in distance of the leak from the inlet.

• The leak mass flow rate decreases with increase in the location of leak from inlet.
• The velocity at outlet increases with increase in distance of leak from inlet.
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Experimental Investigation of Machining
Parameters on MRR of Biomaterial
Stainless Steel 316L by EDM

Preeti Chauhan, M. A. Saloda, B. P. Nandwana, and S. Jindal

1 Introduction

EDM was introduced by physicist Joseph Priestley in 1770, but it was not much
effective as more electrode material was eroded and there were manually operated
feed systems which resulted in more arcing. N. I. Lazarenko and B. R. led the most
important improvements, i.e. use of RC relaxation circuit in EDM because of which
wear was reduced on electric power contacts [1].

EDM is one of the non-traditional machining methods which can machine work-
piece with any hardness [2]. EDM can easily machine ceramics, super-alloys and
composites which are not easy to machine [3]; even very delicate and fragile parts
can be machined which cannot take the stress of conventional machines. For the last
few years, to increase MRR, the tool is given ultrasonic-assisted vibration and tool
vibrates, it increases flushing away of debris from workpiece which increases MRR
[4]. The rotation of tool also increases MRR [5]. Some appropriate powder additives
in the dielectric fluid are being used to improve surface roughness (SR) and decrease
tool wear. Water as dielectric fluid is being used over other hydrocarbon dielectric
fluids for the safe environment as decomposition of hydrocarbon oil releases carbon
monoxide and methane which is harmful to the environment [6]. Figure 1 as shown
classifies different types of EDM used for different purposes.

Normally, tool is connected with negative polarity and the workpiece is connected
with positive polarity. Tool acts as cathode and workpiece as anode. The dielectric
fluid has some dielectric constant. It is an electrically neutral liquid. It has some
dielectric breakdown voltage. Potential applied between tool and workpiece should
be greater than the breakdown voltage of dielectric fluid; otherwise, flow of current
between tool and workpiece will not take place. When the capacitor discharges after
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Fig. 1 Classification of spark erosion machining [7]

being charged, a huge amount of potential is supplied between tool and workpiece.
The electrical field is established between them. Due to electrostatic force, electrons
from tool are attracted towards workpiece. If the bond energy of electrons is less,
then electrons move towards workpiece through the dielectric fluid. Electrons travel
with very high velocity. The velocity of electrons depends on the potential supplied
through capacitor. As electrons gain velocity, they move towards workpiece and
collidewithmolecules of dielectric fluid. Collisions between them result in ionization
of molecules. Collisions of electrons and molecules result in the generation of more
positive ions and electrons. The high concentration of these ions between tool and
workpiece within minimum inter-electrode gap takes place. Electrons move towards
workpiece, andpositive ionsmove towards tool resulting in sparkingknownasplasma
channel. Electrons collide with workpiece with high velocity. The kinetic energy of
electrons gets converted into thermal energy, and material gets removed from the
workpiece.Material removal occurs due to vapourization andmelting. Somematerial
is also removed from tool due to collisions of positively charged ions with it but as
the concentration of positive ions is less so material removal from tool is very less.
As the supply of potential between tool and electrode is stopped, plasma channel
collapses. The pressure is generated and removes molten material from workpiece.

There are different techniques for surface modification of biomaterials such as
PVD, CVD, nitriding and anodizing, but due to weak adhesion, the bond cannot
sustain under repeated loading conditions in corrosive environment and these tech-
niques have become inefficient. Before these techniques, coating is required, i.e.
shot peening and grit blasting which increases their production cost. Recently, EDM
has been acknowledged as a promising technique for surface treatment of bioma-
terials for implants [8, 9]. When machining is done by EDM, dielectric fluid used
for machining degenerates into oxides and carbides and gets deposited on work-
piecewhich increases biocompatibility [10].Nanoporous surfaces are producedwhen
machined by EDM [11]; as a result, available pore spaces encourage the mineralized
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tissue growth into pores which allows the transportation of body fluid by intercon-
nected pores [12]. As a result, cell proliferation and adhesion are improved [13].
Attainment of high temperature during sparking when machined by EDM improves
the hardness of the surface. EDMmachined surfaces improve corrosion [10, 14] and
wear resistance [15].

Stainless steel 316L has been used as workpiecematerial. It is themost commonly
used material for biomedical application as it is easily available and low cost and
has excellent fabrication properties, good strength, high fracture toughness, good
corrosive resistance and good biocompatibility [16, 17]. SS 316L is used in biomed-
ical implants such as artificial valves, artificial joints, bone fixation (plate, screw,
pin), orthodontic wire and artificial eardrum. In stainless steel 316L, L stands for
low carbon percentage, i.e. 0.03%. Graphite produces more carbide phases on EDM
machined surfaces which increases the corrosion resistance of workpiece.

2 Experimental Procedure

The workpiece of size 32 × 32 × 150 mm is used and graphite as an electrode
material with dimensions 20 × 20 × 100 mm as shown in Fig. 2. Graphite is a non-
metal electrode that has high melting point which increases its stability, and it has
low density.

MRR has been calculated and examined using the Taguchi method by Minitab
18. Orthogonal array minimizes the number of trials, so it is most effective as it
handles the number of variables and vast data. Three different parameters, i.e. T on,
Im and V s, are varied, and their effect on MRR has been studied as shown in Table
1. L9 orthogonal array has been selected for evaluating maximumMRR. “Larger the
better” option was selected.

Fig. 2 Machined workpiece and graphite electrode

Table 1 Independent parameters

S. No. Independent parameters Level 1 Level 2 Level 3 Units

1 Im 10 14 18 Ampere

2 Ton 50 350 650 µs

3 V s 3 5 7 Volt
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MRR = weight before maching− weight after machining

time taken× density
(mm3/min)

The experiment was performed on ZNC 250 EDM, and only four parameters can
be varied on this machine, i.e. Im, T on, V s and T off. From the literature survey and
experiments performed, it was observed that Im and T on have major impact onMRR.
T off has less effect on MRR, and few researches have been carried out by varying
parameter V s. Hence, three parameters were varied Im, T on, V s, and T off was taken
as constant. Values of parameters were selected such that to achieve maximumMRR
and to observe variation in MRR by varying these parameters so their one lower
value, one intermediate value and one higher value were selected.

3 Results and Discussion

The experimental investigation of SS 316L by EDM was performed, and the results
obtained are discussed here.

Table 2 shows the experimental results of EDM machined surface of SS 316L.
“Larger the better” option was used in Taguchi as the aim was to increase MRR of
material.

It is concluded from the graph shown in Fig. 3 that maximumMRRwas observed
at the peak value of Im 18 A, T on 50 µs and V s 5 V.

From Table 3, it can be seen that Im is the most influencing factor (Rank 1), and
then T on (Rank 2) and V s have a minimum effect (Rank 3). Here, Im is increased
from 10 to 18 A; 10 A current has a low value of MRR, as its value is increased from
10 to 14 A and then 18 A MRR keeps on increasing. T on was ranged between 50
and 650 µs. At a lower value of T on, MRR was high and as its value was increased,
MRR decreased. V s has very less effect on MRR. As V s is increased from 3 to 7 V,
MRR decreases.

Table 2 L9 orthogonal array: independent parameters and response data

Independent parameters Response

S. No. Im Ton V s MRR S/N ratio

1 10 50 3 2.417 6.8289

2 10 350 5 1.688 4.4407

3 10 650 7 0.917 0.1909

4 14 50 5 4.312 13.6370

5 14 350 7 3.278 9.4755

6 14 650 3 3.081 9.6670

7 18 50 7 5.702 15.0137

8 18 350 3 5.218 15.2935

9 18 650 5 4.116 12.8171
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Fig. 3 Main effect plot for means of MRR

Table 3 Rank table for S/N
ratio and with control
machining parameters

Level Im Ton V s

1 3.820 11.827 10.596

2 10.927 9.737 10.298

3 14.375 7.558 8.227

Delta 10.555 4.268 2.370

Rank 1 2 3

Results of ANOVA explained in Table 4 reveal the most significant factor which
influences the material removal rate. P-value of these parameters is less than 0.05,
so these parameters are significant and affect the response MRR.

Figure 4 shows interaction between different parameters Im, T on and V s. It shows
the effect of these parameters on MRR. Figure 5a shows the interaction between
Im and T on and their effect on MRR. From the graph, it can be observed that as
Im increases MRR increases whereas with the increase in T on, MRR decreases.
Similarly, the interaction plot between Im, and V s as shown in Fig. 4b reveals that
the slope of MRR increases with an increase in Im and decreases with an increase in
V s. It is concluded from graphs that MRR increases as the value of Im increases and
decreases with an increase in the value of T on and V s.

Table 4 ANOVA for MRR

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

Im 2 19.1506 9.57529 27,480.11 0.000

Ton 2 2.2232 1.11159 3190.15 0.000

V s 2 0.1695 0.08474 243.20 0.004

Error 2 0.0007 0.00035

Total 8 21.5439
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Fig. 4 Interaction plot for MRR: a Ton and Im, and b VS and Im

As Im increases, stronger spark is produced. More energy is transferred between
tool electrode and workpiece. Causing high temperature between them and more
material is eroded from workpiece, and as a result, MRR increases with an increase
in Im.Similar resultswere seenby [18]which showed that Im was themost influencing
factor.

Increase in T on results in increases in time duration for supplied energy between
tool and workpiece, and spark energy between tool and workpiece increases and
results in more MRR. Up to some value of T on, MRR keeps on increasing and then
suddenly it starts decreasing; this is because at a higher value of T on, the plasma
channel between the inter-electrode gaps obstructs energy transfer and electrons
jump out from plasma channel which reduces MRR. T on here is 50, 350 and 650 µs
which misses the peak value; hence, graph obtained here is decreasing. The peak
value of T on for maximumMRR lies in the range of 50–150 µs. Similar results were
presented by [19] which shows that with an increase in T on MRR drops.

4 Conclusion

On the basis of experiments, observations and calculations carried out, the following
conclusions were drawn:

• MRR increases as the value of Im rises from 10 to 18 A. An increase in Im causes
more energy supplied between tool and material which results in more material
to be melted and evaporated which causes increase in MRR.

• MRR increases up to some value as T on increases, and then it starts to decrease.
Values selected were 50, 350 and 650 µs which misses the peak value; hence, the
graph obtained here was decreasing.

• MRR decreases as V s increases.
• Im, T on and V s have P-value less than 0.05 so these are significant parameters and

affect the response MRR.
• MaximumMRR is observed at a set of parameters Im 18 A, T on 50µs and V s 5 V.
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Global Advancement in Hybrid Solar
Drying with Using Thermal Energy
Storage System

Narender and Pushpendra Singh

1 Introduction

In rapid changing world, the storage and preservation of foodmaterials with requisite
quality are the biggest challenging tasks. To meet the continuous increasing demand
of food materials, the various new innovative techniques have been developed and
research is still continuing in this area. In 1976, Everitt and Stanley prepared the first
kind of solar dryer to make the alternate of open sun drying. He made transparent
glass covered box-shaped drying unit. Midilli [1] describes the drawback of open sun
drying which includes poor product quality due to rain, insects, animal, debris and
wind blow. Drying of food materials is the best type of methods that not only meet
the continuous increasing demand of food materials globally but also preserve and
store food materials with requisite quality for the future. Thermal drying is one of the
generalmethods usedwhich involves heat andmass transfer simultaneously to dry the
food products. We know that the harvest cycle of food materials specially fruits and
vegetables has for a short time. Due to insufficient storage, improper preservation and
unbalance supply chain, a large amount of foodmaterials spoil every year. According
to UN Food and Agriculture Organization (2019), approximately one trillion $ of
food is lost or wasted every year and that is sufficient to preserve enough food to
serve two billion people. In World Food Programme (WFP), the training on post-
harvest crop management is provided for zero post-harvest loss missions. The five
key areas of the training are harvesting, drying, threshing, solarization and storage.
According to World Health Organization (2019), an estimated 600 million peoples
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(at most 1 in 10) in the world become ill and 4, 20,000 die every year due to the effect
of contaminated food. Drying is the oldest, simple, safe and easy-to-learn method
to preserve food materials. It removes water/moisture in food materials so bacteria,
mold & yeast cannot grow and spoil food. Drying slows down the growth of enzymes
and inactivates them for long period. The optimum temperature required for food
drying is 60 °C. Drying requires large amount of energy for removal of moisture level
in the food products by means of supplying hot air to achieve the desired amount
of moisture. Ekechukwu and Nortan [2] developed an advance drying unit in which
they used auxiliary heating source (i.e., electricity and fossil fuels) with natural and
forced circulation to attain the desirable drying properties.

2 Description of Previous Work on Solar Dryer

In 1976, Everitt and Stanley prepared the first type of solar dryer tomake the alternate
of open sun drying. He fixes the transparent glass cover at the upper face top of drying
unit. The transparent glass cover allows sunlight to pass through it and heats up the
food materials to dry it. The descriptions of previous work are shown in the broad
classification of solar dryer developed by various researchers.

2.1 Classification of Solar Dryer Developed by Various
Researchers

Since from the invention of solar-based dryer, the various categories of solar-operated
dryer have been developed. The detailed classification of solar dryer developed by
researchers is given in Table 1.

3 Hybrid Solar Dryer

Hybrid system solar dryer is basically a joining of solar energy collectors, auxiliary
heating devices, biomass and thermal energy storage systems.Hybrid solar drying not
only facilitates quick and continuous drying but also protects the foodmaterials form
direct environment, insects, dust, smoke, etc. In hybrid solar dryer, the solar energy
is converted into usable form by the help of solar collectors. The available converted
solar energy is used in drying, in thermal energy storage and to run the auxiliary
devices. Hybrid solar dryer provides continuous heating supply to the drying unit
which reduces the drying time, improves quality and uniformity, increases overall
efficiency of the system and reduces expenses. Thanaraj et al. [3] compare the result
of solar hybrid dryer and copra kiln. In the study, they found that white copra with
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Table 1 Classification of solar-operated dryer

Solar dryer Direct solar dryer (a) Direct solar-based dryer
(b) Solar tunnel-based dryer
(c) Solar-operated dryer with cylindrical collector
(d) Forced air solar dryer
(e) Solar dryer with photovoltaic cell

Indirect solar dryer (a) Indirect solar-operated dryer
(b) Solar-assisted indirect solar dryer
(c) Solar dryer with absorption systems
(d) Indirect solar dryer with rectangular shape plate fins
(e) Indirect solar dryer with movable mechanism
(f) Roof-integrated indirect solar dryer
(g) Prototype tray dryer
(h) Indirect solar dryer by using thermic oil
(i) Indirect forced convection-operated solar dryer
(j) Solar dryer combined with air heater and heat accumulator
(k) Solar-operated dryer coupled with V grooved collector
(l) Solar dryer with microcontroller-based system
(m) Forced air convection vegetable dryer
(n) Solar dryer fitted with double-pass operated solar

collector with fins
(o) Forced convection solar dryer with evacuated tube

collector

Hybrid solar dryer (a) Solar-assisted integrated drying system
(b) Solar dryer with biomass burner
(c) Indirect and mixed mode of solar dryer
(d) Portable solar dryer with multi-shelf design
(e) Mixed-mode forced convection solar dryer
(f) Mixed-mode natural convection solar dryer
(g) Hybrid system solar dryer integrated with auxiliary

heating source

high-quality standard may be processed in hybrid solar drying, while white copra
could not be formed in kiln drying. Ferreira et al. [4] made a hybrid solar dryer
and conducted test on the banana chips drying. In his studies, he found that drying
rate of the hybrid solar dryer was observed larger than the artificial and open dryer.
Drying rate of the hybrid dryer was claimed 38% in comparison with artificial dryer.
The drying time was observed lower for hybrid solar dryer in comparison with the
artificial and open dryer at the same conditions of outlet air temperatures. Prasad
et al. [5] experimentally analyzed and compared the results of ginger drying with
open sun drying and hybrid solar biomass drying. Drying rate of hybrid dryer was
found better in comparison with open sun drying. The diagram of hybrid solar dryer
with biomass system is given in Fig. 1.

Ouassila et al. [6] experimentally studied tomato waste solar-operated drying by
the use of new greenhouse-type solar drier. Aymen et al. [7] developed mixed-mode-
type solar greenhouse dryer with forced convection system and study of solar drying
of red pepper grown with them. Forson et al. [8] designed and developed a mixed-
mode solar crop dryer with natural convection used for drying cassava and other
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Fig. 1 Hybrid solar dryer with biomass system by Prasad et al. [5]

crops. Ramana et al. [9] showed in his review that various categories of solar dryer are
used for grain drying, fruit drying, vegetable drying, grapes drying, medicine drying,
etc. Saravanapriya et al. [10] developed a solar tunnel dryer of semicylindrical shape
covered with UV stabilized polyethylene sheet. They perform experiments on it and
compare the results with general open sun drying. In the solar tunnel, maximum
temperature achieved was 65 °C. The estimated time for drying the coconut was
49.5 h recorded, and on the other hand open sun drying took 80 h for drying the
same sample. In solar tunnel dryer, the moisture removal was uniform with drying
rate throughout the drying period. The maximum drying rate for solar tunnel dryer
was 0.042 g of moisture per hour per gm of moisture, whereas in case of open sun
drying, the maximum drying rate was 0.34 g. per hour per gm of moisture achieved.
Mehla and Yadav [11] developed an evacuated tube solar dryer and connected it with
thermal energy storage for continuously producing hot air for clouds and night hours.
Acetamide was used in the form of phase change material (PCM) for thermal energy
accumulation.

The thermal energy storage efficiency of phase change material was varying from
14.43 to 17.65%. The pictorial view of evacuated tube solar dryer connected with
storage of thermal energy is given in Fig. 2.Hossain et al. [12]made hybrid solar dryer
fitted with auxiliary devices for tomato drying. The dryer efficiency was reported
17–29%, varying due to the change in operating conditions. The collector efficiency
reported 10% increase due to attachment of plane reflector with the dryer. Baher et al.
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Fig. 2 Solar evacuated tube air collector connected with drying system and PCM unit [11]

[13] prepared hybrid solar dryer for chamomile drying. The drying unit consists of
solar-operated collector,main drying unit, reflector, heat exchanger, additional drying
unit, auxiliary heating source and water tank to store thermal energy (Fig. 3).

The integrated hybrid solar dryer decreases the moisture level of chamomile from
72–75 to 6% on wet basis in 30–33 h, while in open sun drying it takes 60 h for the
moisture reduction from 72–75 to 9–10% on wet basis. Cipline et al. [14] developed
hybrid solar drying for drying the medicinal plants. It comprises two solar-operated
collectors, and air-type solar-operated collector was used for drying themedical plant
whereas flat plate-based solar-operated collector was used to accumulate the thermal
energy. A continuous drying was achieved by using hybrid drying system connected
with auxiliary heating source. Chaudhari et al. [15] prepared a hybrid solar dryer
for ginger drying and conducted economic analysis. The manufacturing cost of the
hybrid solar dryer was Rs. 9000, and it takes 6 h’ average drying time for 3 kg
ginger. The annual repair and maintenance cost take 5%, and total benefit claimed

Fig. 3 Components of the integrated hybrid solar dryer system by Baher et al. [13]
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Rs. 207,000. Due to small payback period (6 months) compared to the life of the
solar drying system and, the hybrid solar dryer found economic viable and feasible.
Suherman et al. [16] developed hybrid drying system with combination of LPG as
an additional heating source to enhance the drying process. The outcome of hybrid
solar dryer in comparison with open sun drying was found more beneficial. At 60
°C, system records the highest effectivity factor value that was 6.4. Hussein et al.
[17] conducted study on quality assessment of hybrid dried tomato. In hybrid drying
method, dried tomatoes produced were found superior than those of both open sun
and solar dried tomatoes in terms of organoleptic properties and overall acceptability.

4 Result and Discussion

The general equations of solar dryer to calculate various parameters are given below.

4.1 Calculation of Energy Parameters [4]

The solar energy strikes on device which is calculated by Es

Es =
∫

(G · A)dt (1)

where G is the incident global radiation and A denotes the dryer collector area.
The solar energy used to increase the airflow temperature (Ec) was calculated

by mass airflow (dm/dt), airflow specific heat at constant temperature (Cp), ambient
temperature (T amb) and outlet airflow temperature (T out)

Ec =
∫

dm

dt
Cp(Tout − Tamb)dt (2)

The global energy absorbed by the air to achieve 50 °C (ET ) was calculated by

ET =
∫

dm

dt
Cp(50

◦ − Tamb)dt (3)

It is generally observed that 50 °C is the temperature required to airflow drying
in experiments. The collector efficiency is calculated by Eq. (4).

η = Ec

Es
(4)
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4.2 Calculation of Dryer Efficiency [5]

The solar dryer overall thermal efficiency and solar biomass dryer are calculated by
using the standard formula. It is the ratio of the amount of energy necessary to extract
moisture content (through evaporation) from the product to the energy given to the
dryer.

Mathematically, the overall thermal efficiency of solar dryer is calculated by:

Eo = meL

I A
(1)

Also, the solar biomass dryer overall thermal efficiency is calculated by:

Ebio = meL

I A + CM
(2)

where Eo = overall efficiency of solar dryer in percentage, Ebio = overall efficiency
of the solar biomass dryer in percentage, me = moisture evaporated in kg, L = latent
heat of vaporization in MJ/kg, C = biomass calorific value in MJ/kg, A = front
sloping surface area inm2M = mass of biomass substance used in kg, I = insulation
on the dryer in MJ/m2.

5 Conclusion

Hybrid solar dryer connected with auxiliary heating source provides continuous
dryingwhich increases the overall efficiencyof the systemandprotects foodmaterials
from the dust, smoke, insects, debris, animals, etc. The quality of dried foodmaterials
observed quite better in hybrid solar dryer in comparison with the open sun drying
techniques. It reduces the energy consumption, saves money, saves crucial time,
reduces pollution and protects environment from smoke and other harmful gases.
It is suitable for long time use and small-scale to large-scale industrial as well as
residential drying applications. It requires very less maintenance cost, operational
cost and handling cost. No extra skill or training is required for running the hybrid
solar dryer.
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Development of a Building Energy Model
Based on State-Space Analysis
and Determining the Performance
Characteristics

V. S. K. V. Harish and Arun Kumar

1 Introduction

Buildings account to close to 33% of world’s energy consumption and energy effi-
ciency and conservation measures are being considered to bring this figure down.
Major energy consuming services in a typical building are space heating/cooling,
lighting and refrigeration. Energy control of systems responsible for delivery of
these services requires development of a fairly accurate building energy models.
Several literatures are available for building energymodeling approaches, and all can
be categorized into forward and data-driven approach.[1, 2]. In forward approach,
fundamental laws of building energy physics are used to develop the building energy
system model. Output variables of the building energy model are predicted using
detailed analysis subjected to a specific set of input variables. Data-driven building
energy models are experimentally developed models where there is no detailed anal-
ysis of the model structure and input and output data obtained throughmeasurements
is used to construct the model. Experimentally measured data or historical data is
used to develop such models. Such an approach is regarded as grey box approach.
Due to limitations of computational complexity in white box models and accuracy
of black box models, grey box approach is used for building energy modeling [3, 4,
6]. Remainder of the chapter is organized as follows. Section 2 involves describing
the building energy transfer equations for the system under study. Section 3 present
simulation results of the building energy system model. Model is validated using the
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parameters being used currently by researchers round the world. Numerical values
of the test case setup under study are adopted from [5].

2 Building Energy Systems

Systemswhich account for major consumption of energy delivering services in terms
of comfort or any other functionality for a building are defined as building energy
systems (BESs) [3]. Such systems include any equipment or machinery like HVAC
system, ducts, lighting, etc., and/or processes like heat and mass transfer among
occupants’ and building construction elements or a combination of them. Services
delivered by the equipment are majorly thermal and visual comfort and maintaining
the building space indoor air quality depending upon the functionality of a building
(Fig. 1).

Mathematical equations describing buildings’ thermal energy transfer are a set of
both time and space dependent. For analyzing the energy transfer processes, a test
case is used with different layers of the multi-layered construction element as shown
in Fig. 2. For the building space of BES under study, energy balance equation is
given as Eq. (1).

ρaCp_a Vbs
dTbs
dt

= Q̇HVAC + Q̇casual − V̇bsρaCp_a (Tbs − Tvent)

− . . .
1

1
hi
+ x1

2kins

Ains(Tbs − Tins) − 1
1
hi
+ x1,rr

2kins,r

Ains,r
(
Tbs − Tins,r

)

(1)

Following similar principles, energy balance equations for other layers of the
building construction elements making up the building space are deduced in matrix

Building energy 
consumption

Thermal load 
parameters

Physical equipment 
and machinery

Building
envelope

HVAC
System

Lighting
system

Electrical
systems

Electronic
equipment

Auxiliary
services

(a)

B C DA

A
B
C
D

Brick
Air gap
Concrete
Insulation

QCausal

Building space

QHVAC

(b)

Fig. 1 a Services responsible for energy consumption in buildings, b building space with multi-
layered construction elements (A, B, C, D)
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form as Eqs. (2) and (3).

⎛
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⎜
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Ṫconc
Ṫb
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Also, net heat rate (Q̇BS) in the building space due to HVAC system (Q̇HVAC) and
causal factors (Q̇Casual) like occupancy, furniture, electronic equipment, etc., is given
as Eq. (4)

Q̇BS = Q̇HVAC + Q̇causal (4)

Parameters (ω1,ω2, ω3, and ω4) used in Eq. (2) are defined as Eqs. (5) and (6)

ω1 = 1
1
hi
+ x1

2kins

ω4 = 1
x3
2kb

+ 1
ho

(5)

ω2 = 2kinskconc
x1kconc + x2kins

ω3 = 2kbkconc
x3kconc + x2kb

(6)

Above-mentioned equations can be represented in a state-space form of Eqs. (7)
and (8)

Ṫ = AT + BU (7)

To/p = CT + DU (8)

where

T State vector.
U Vector of inputs to the state-space model.
T o/p Output vector of the state-space model.
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A, B, C, and D Coefficient matrices.

Transfer function for the developed state-space model is given as Eq. (9).

G(s) = C(s I − A)−1B + D (9)

where

s Laplace transform variable.
G(s) System transfer function.

|s I − A| term in Eq. (9) is the characteristic polynomial of G(s) and the eigen-
values of matrix A are identical poles ofG(s). Transformation of a state-space model
into transfer function enables to describe a dynamic relationship between inputs or
excitations and outputs or responses of the system under study. Laplace transforma-
tion is applied on input–output differential equations with a condition that all initial
values are zero or changing infinitesimally.

State-space model developed using Eqs. (7) and (8) does not take into consider-
ation the effect of windows or glazing area within a building space. For the present
study, 33% of the indoor space area is assumed to be exposed to opaque elements.
The effect of window panes surrounding the glass has been neglected as window
panes, and frames do not account for appreciable heat transfer within a building
space [5].

3 Simulation Results and Model Validation

The developed state-space model is simulated inMATLAB/Simulink with step input
excitations (Fig. 2a–c). The developed model is validated against: (1) The model
parameters are equally distributed as a fraction of the building elements’ total thermal
resistance and capacitance (regarded asModel II in Fig. 2d), (2) themodel parameters
are tuned as a fraction of the total thermal resistance and capacitance depending upon
the surface’s exposure to outdoor climatic conditions (regarded asModel I in Fig. 2d).

4 Conclusion

AMATLAB/Simulink-based single-zone building energy model is developed using
state-space approach. Developed building energy model is subjected to step exci-
tations of HVAC heat rate, outdoor air temperature and building space indoor air
temperature. Performance characteristics based on the system transfer functions
and HVAC power have been analyzed for different scenarios by varying the excita-
tion values. Developed model performance analysis is carried out by specifying the
response characteristics of settling time, rise time, etc. BES model under study is
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excited with step excitations of outdoor air temperature, (T out), ventilated air temper-
ature, (T vent) and HVAC plant heat rate (Q̇HVAC) is analyzed for different scenarios
by varying the excitation values. In order to maintain the building space air temper-
ature (TBS) at 20 °C, 505 W of HVAC power is required under zero outdoor and
ventilated air temperature values. When there is no HVAC power, then the building
space temperature is 9.7 °Cwith ventilated air temperature of 17 °C and zero outdoor
temperature. Under zero outdoor temperature condition, 255 W of HVAC power is
required tomaintain the building space air temperature and ventilated air temperature
at 20 °C and 17 °C, respectively.
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Optimal Controller Design for Altitude
Control of Modern Airship

Shahida Khatoon, Huma Khan, Prerna Gaur, and Mohd Faisal Jalil

1 Introduction

The evolution of flying machines has been impacted by the naturally born flying
objects in the universe and encouraged the researchers for development of innovation
of autonomous systemofmultiple uses and applications. The researchers have always
faced the challenges in design of flying machines and simultaneously the control
aspects for lack of existing solution. The motivation for the development for civilian
and military needs led the researchers to the advancement in the autonomous system
both on the ground and flying systems. In the last few years, the technology in
the flying machines has been tremendously changed to meet the needs of the hour.
The design of an autonomous system/flying machine/airship requires a numbers of
various parameters to be selected based on a certain enabling decision to follow a
validated methodology.

The first autonomous man-free controlled flight [1] was achieved as tendem
like helicopter. In 1990s, projects on helicopters are presented in [2]. Nowadays,
autonomous system is an advance technological-based flying machine to tackle the
various challenges in terms of performances execution [3]. The modeling for AS
system [4, 5] and analysis of dynamics performed based on state-space model [6] is
presented. The Euler–Lagrange approach [7] is used for mathematical modeling of
the system. The authors [8] proposed an optimal controller based on H2 and H∞,
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Fig. 1 Block diagram of an attitude control system of an aircraft

norms of the system were calculated, and the controller was designed for stabi-
lization of the system. The altitude control, takeoff and landing [9] for performing
autonomous hovering have been designed. The auto-lift and easier control are highly
sought for the critical applications [10]. The researchers [11, 12] describe the design
for trajectory tracking.

The impetus of the proposed work is onmodeling and control approach for airship
to invent a new way for controller’s design based on certain variables [13, 14].
The present paper also proposed a new devised control strategy based on full-state
feedback and pole-placement technique for the design of linear quadratic regulator
to provide the stability to airship (Fig. 1).

2 Mathematical Modeling

The inertia and friction coefficient for the motor for considering the gear train ratio
may be given as follows:

Jt = Jm + N 2 JL (1)

Bt = Bm + N 2BL (2)

The forward-path transfer function of Fig. 2 by applying the SFG gain formula

G(s) = θy (s)

θe(s)

= Ks K1Ki K N

s
[
La Jt s2 + (

Ra Jt + La Bt + K1K2 Jt
)
s + Ra Bt + K1K2Bt + Ki Kb + KK1Ki Kt

] (3)

The system is of the third order, since the highest order term in G(s) is s3. The
electrical time constant of the amplifier motor system is

τθ = La

Ra + K1K2
(4)

The mechanical time constant of the motor-load system is:
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Fig. 2 Transfer-function block diagram of the system

τT = J1
B1

(5)

The equations of the system are as follows:

⎡
⎢⎣

ẋ1
ẋ2
ẋ3

⎤
⎥⎦ =

⎡
⎢⎢⎢⎣

0 1 0

0 0 1

0 −
(
Ra Bt+K1K2Bt+Ki Kb+KK1Ki Kt

La Jt

)
−

(
Ra Jt+La Bt+K1K2 Jt

La Jt

)

⎤
⎥⎥⎥⎦

⎡
⎢⎣

x1
x2
x3

⎤
⎥⎦ +

⎡
⎢⎣

0

0

KK1Ki Ks N

⎤
⎥⎦r(t) (6)

The A, B and C matrixes are given below:

A =
⎡
⎢⎣

0 1 0
0 0 1

0 −
(

Ra Bt+K1K2Bt+Ki Kb+KK1Ki Kt
La Jt

)
−

(
Ra Jt+La Bt+K1K2 Jt

La Jt

)

⎤
⎥⎦ (7)

B =
⎡
⎣

0
0

KK1Ki KsN

⎤
⎦ (8)

C = [
1 0 0

]
(9)

The specifications of the parameters in the dc motor of airship are given in Table
1.
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Table 1 Specification of the
parameters of modern airship

Parameter Description Value Units

Ks Gain of encoder 1 V/rad

K Gain of preamplifier 1 V/V

K1 Gain of power amplifier 10 V/V

K2 Gain of current feedback 0.5 V/A

K t Gain of tachometer feedback 0 V/rad/s

Ra Motor armature resistance 5.0 �

La Motor armature inductance 0.003 Henry

Ki Motor torque constant 9.0 oz-in/A

Kb Motor back-emf constant 0.0636 V/rad/s

Jm Motor inertia 0.0001 oz-in-s2

JL Inertia of load 0.01 oz-in-s2

Bm Motor friction coefficient 0.005 oz-in-s2

BL Load friction coefficient 1.0 oz-in-s

Tm Motor torque 1.0 N m

TL Load torque 1.0 N m

N Gear train ratio 0.1

3 State Feedback Controller Design Based on LQR
Technique

The controller based on full-state feedback is suitable to handle systems of high order,
and it is shown in Fig. 3 [13]. The proper placements of the poles are important for
enhancement of margin of stability. The general expression is shown as;

x(k + 1) = Ax(k) + Bu(k) (10)

x(k) state vector,
u(k) control vector,
A System matrix,
B Control matrix.

Feedback control for the pole-placement technique

Fig. 3 State feedback
controller
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u(k) = −Kx(k) + r(k) (11)

The performance of the airship control system is designed as per (12);

J = 1

2
xT (N )SN x(N ) + 1

2

N−1∑
k=0

[
xT Qx(k) + uT (k)Ru(k)

] = Min (12)

Q, S and R are positive semi-definite symmetric matrices. K should be designed
optimally subject to the minimization of performance index [5]. Riccati equation is
given below for the solution of S.

Sk = Q + AT · Sk+1 · (
I + B · R−1 · BT · Sk+1

)−1 · A, (13)

and optimal control vector can be obtained as;

uk = −
[(
BT · Sk+1 · B + R

)−1 · BT · Sk+1 · A
]

· xk (14)

Using Eqs. (11–14) gain matrix can be obtained as;

Kk = (
BT · Sk+1 · B + R

)−1 · BT · Sk+1 · A (15)

LQR control is applied for the considered diagonal elements based on set
procedure of the matrices Q, R and S.

4 Simulation Results

The full-state feedback controller is designed for the optimal feedback gain matrices
as shown in Table 2. The system eigenvalues are computed to examine the system
stability and are given in Table 3. The system response for the altitude control is
shown in Fig. 4. And comparative analysis in done for both LQR and pole-placement-
technique-based controller design. The matrices are computed for the controller
design of airship and are given as follows;

Table 2 Feedback gain
matrices

K1 0.0029 0.0090 3.1623

K2 0.0115 0.9839 0.0000

Table 3 System eigenvalues E1 −3008.1 −4003 0000

E2 −450.3635 −350.7562 −150.0019
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Fig. 4 Response of the altitude control

System matrix;

A =
⎡
⎣

0 1 0
0 0 1
0 1204000 3408.33

⎤
⎦

Control matrix;

B =
⎡
⎣

0
0

15000000

⎤
⎦

Measurement matrix;

C = [1 0 0]

The electrical time constant of the amplifier motor system is

τθ = La

Ra + K1K2
= 0.0003s

The mechanical time constant of the motor-load system is
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τT = J1
B1

= 0.01333s

5 Conclusion

Themathematicalmodel is developed, and a full-state feedback controller is designed
based on linear quadratic optimization and pole-placement technique. LQR yields
better result as compared to pole-placement controller and evident from the response
plot for altitude stabilization. The main emphasis was given for proper selection and
design of matrix Q and considered in the design of controller for airship.
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Two-Wheeled Self-Balancing Mobile
Robot Using Kalman Filter and LQG
Regulator

Shahida Khatoon, Md. Istiyaque, Naimul Hasan, and D. K. Chaturvedi

1 Introduction

Two-wheel self-balancing mobile robot (TWSBMR) is based on two degrees of
freedom (2DOF) robot workstation. It is highly unstable and nonlinear systemwhich
is the keen interest of researchers to make it stable and linearize. Two-wheel inverted
pendulum which is basically mounted on 2-DOF means two rotary servo base units
with a 4-bar linkage system. Two-wheel self-balancing robot consists of a two-
DOF instrumented joint, on which an almost 12 in. rod is bolted, which is free to
rotate about two rectangular axes. The main aim of the 2-DOF inverted pendulum
is to command and control position of the 2-DOF robot end effectors [1] to balance
the 2-DOF inverted pendulum system module [2]. By measuring vertical position
deviation, a controller is used to rotate the servo such that the end of the servo
effectors balances the pendulum [3]. Designing a controller is necessary so that
it can maintain the pendulum upright using the two servomotors. It provides so
many concepts to the student for aerospace engineering application, such as rocket
stabilization, self-balancing robot, earthquake resistant, and building construction
[4–6].

Previously, several researches have been donewhich are actually based on inverted
pendulum, and it is old secure and easy topic for the research to start and understand
for the researchers, like a person upper body needs adjustment constantly to maintain
and balance when we are standing or walking. From past few years, it has been found
that the researchers design some controllers for the two-wheel self-balancing mobile
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robot, and using PID controller and fuzzy logic, it is easy to control any system [7];
in this paper, LQR and PID controller have been proposed. Researchers have made
two-wheel self-balancing mobile robot in laboratory at the industrial electronics.
There are various studies based on stabilization and optimization of two-wheel self-
balancing mobile robot. For this chapter I studied proportional and proportional
derivative (PD) and go through it [8], proportional integral derivative (PID), linear
quadratic regulator (LQR) [9], and model predictive control (MPC). And some more
research work which is relevant and based on two-wheel mobile robot [10, 11] has
been presented. Further, the chapter is categorized in following sections like Sect. 2
illustrates dynamic modeling of two-wheel self-balancing mobile robot, in Sect. 3
LQG and MPC controller configuration is modeled and designed, Sect. 4 discusses
the simulated results andperformance comparisonof critical characteristics, followed
by conclusion in last section.

2 System Modeling

The physical prototype of two-wheeled mobile robot consists of a rigid pole on a
cart which is attached to two driving wheels. The mathematical formulation [12]
of two-wheeled mobile robot is obtained assuming zero resistance in the air flow,
negligible secondary friction, etc. The horizontal movement of cart is represented
by distance x. M and m are used to define the mass of cart and pole, respectively.
Lc represents the total pole length. The angle by which the pole is titled is described
by ϕ. The wheel mobile robot is driven with the help of a wheel inverted pendulum
[13, 14].

3 Model of the Wheel of Inverted Pendulum

The torque produced by left wheel is represented by DL and that by right wheel is DR

as shown in Fig. 3. The reactive force exerted on left wheel is defined by RFL , RFR

and that in right wheel by RFL , RFR . The equation of motion of left wheel can be
represented by Eq. (7) and that of right wheel by Eq. (8).

For the left wheel

Mw ÿ = −τmotτe

Rr
σ̇w + τmot

Rr
Va − Iw...σ w

r
− RFL (1)

For the right wheel

Mw ÿ = −τmotτe

Rr
σ̇w + τmot

Rr
Va − Iw...σ w

r
− RFR (2)
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Fig. 1 Wheel of robot free body
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Fig. 2 LQG controller with plant

After converting angular velocity described by θ̇ into linear velocity ẋ Eqs. (3)
and (10) can easily be derived for left and right wheels, respectively,

For the left wheel

Mw ÿ = −τmotτe

Rr2
ẏ + τmot

Rr
Va − Iw ÿ

r2
− RFL (3)

For the right wheel

Mw ÿ = −τmotτe

Rr2
ẏ + τmot

Rr
Va − Iw ÿ

r2
− RFR (4)
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Fig. 3 Disturbance rejection capability of LQG controller with plant
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Fig. 5 Laguerre function for
different values of p and N
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By adding Eqs. (9) and (10), resultant equation will be

2

(
Mw + Iw

r2

)
ÿ = −2 − τmotτe

Rr2
ẏ + 2

τmot

Rr
Va − (RFL + RFR) (5)

3.1 Cart Model

The mathematical formulation of the cart on pole is derived by many scientists [4–6]
and is written as follows;

(Ip + l2Mb)σ̈p − 2
τmotτe

Rr
ẏ + 2

τmot

Rr
Va + Mpgl sin σp = −Mp ÿl cos σp (6)

2
τmot

Rr
Va =

(
2Mw + 2

Iw
r2

+ Mp

)
ÿ + 2

τmotτe

Rr2
ẏ + Mpl ÿp cos ÿp cos σp − Mplσ̇

2
p sin σp (7)

Since state-space representation of any given system requires first-order differen-
tial equations, above equations are linearized as follows;

σp = π + ∅ (8)

where ∅. The right angle which is upside

cos σ = −1, sin σ = −∅,
dσp2

dt
= 0
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ÿ = 2
τmotτe

(
Mplr − IpMpl2

)
Rr2a

ẏ + M2
pgl

2θ

α
+ 2

τmot
(
Ip + Mpl2 − Mplr

)
Rrα

Va (9)

ÿ = 2
τmotτe

(
rβ − Mpl

)
Rr2a

ẏ + Mpglρθ

α
+ 2

τmot
(
Mpl − rρ

)
Rrα

Va (10)

The actual values of the different parameters of given pole and cart model are as
follows;

Parameter description Value with units Parameter description Value with units

Gravitational acceleration
(g)

9.80 m/s2 Body inertia (Ip) 0.21 Kgm2

Wheel radius (r) 0.062 M Dist from body’s center of
mass (l)

0.22 m

Wheel mass (Mw) 0.1 kg Motor torque (Km) 0.0335 N m/A

Body mass (Mp) 5.4 kg Back EMF (Ke) 0.0435 V/(rad/s)

Wheel inertia (Iw) 0.0013 Kgm2 Terminal resistance (R) 


4 Designing of Controller

Any disturbance causes the pole on the cart to deviate from its upright position, and
the role of the controller is to bring back the pole to its stable vertical position. The
system specifications described above impose some constraints on the settling time
of four seconds to regain its stable cart position and to the deviation in the angle of
pole is ±0.6 to ± 0.8 rad.

4.1 Linear Quadratic Regulator

The difference between the linear quadratic regulator and Gaussian controller is
operated along with Kalman’s filter, and this gives it an edge over LQR which is
used for both time-variant as well as time-invariant systems.

ẏ = Ay + Bu (11)

z = Cy (12)

LQR and Kalman filter together formed linear quadratic controller, which can
be used for linear time invariant and time variant. In this chapter, we design LQG
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controller and found satisfactory results, as the optimal controllers are distinguished
from normal controllers in terms of performance measure, J, given by following
quadratic relationship.

J = 1

2

∞∫
0

(
yT Qy +UT RU

)
dt (13)

where Q and R are state variable and control vector weighting matrix

U = −Ky (14)

where ‘K’ is the gain matrix given by

K = R−1BT P (15)

P can be calculated using matrix Riccati equation

AT P − PA + Q − PBR−1BT P = 0 (16)

ẏ(t) = Ay(t) + BU + L(z(t) − Cy(t) − DU ) (17)

U = −Ky(t) (18)

ẏ(t) = (A − BK − LC + LDK )y(t) + Lz(t) (19)

5 Result and Discussion

All the simulation work has been done on MATLAB software, and we found that the
impulse response using LQG controller is better what we have gone through. Settling
time is 2.30 s position and the pendulum angle is 1.78 s and their peak amplitude is
0.166 rad. When the system based on LQG controller starts to stabilize, it will be
easily stabilized in three seconds, when we produce disturbance system, it will take
ten seconds to stabilize itself again. LQG controller found good when disturbance is
produced in it and can stabilize itself quickly.

For describing the CMPC controller, Laguerre function is used. Different values
of P and N are shown here in the given below.
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6 Conclusion

Mathematical modeling of LQG and MPC controller is designed well. Both the
controllers are designed using state space, and comparison has been shown. For
the simulation work, we use MATLAB software, and all the simulated results have
been produced well. System impulse response using LQG controller and their distur-
bance rejection capability with the plant have been produced. Design controller is
found well, and Laguerre function with second- and fourth-order coefficient has
been produced and found satisfactory. Controller designed for the two-wheeled
self-balancing mobile robot is found easily used for the system.
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Microstructure and Mechanical
Properties of Al–Cu–Mg Alloy Produced
by Non-contact Ultrasonic Casting Route

Sneh Suman, Mukkollu Sambasiva Rao, Amitesh Kumar, and K. K. Singh

1 Introduction

Aluminium alloys are recently used in advanced applications because of their
combination of high strength, low density, durability, machinability, availability
and comparable cost compared to current applicable materials [1]. High specific
strength, corrosion resistance and formability, Al–Cu–Mg alloys are potential mate-
rials for a number of industrial applications [2]. In conventional casting, aluminium–
copper alloys solidify with the dendritic structure [3]. Generally, Al–Cu–Mg alloys
solidify with dendrite–cellular structures and the dendrites of aluminium solid solu-
tion as the primary phase and the inter-dendrite space filled with eutectic mixture
[4]. Castings with non-dendritic structure are better in mechanical properties than
dendritic microstructure. The non-dendritic structure is obtained by inoculation,
rapid solidification, agitation during solidification and other techniques [5–7]. Grain
size can be reduced and compacted by mechanical mould vibration of hypoeutectic
aluminium based alloy [8]. The mechanical mould vibrations increasingly improve
the mechanical properties of the alloy [9, 10].

Based on literature review, it was observed that maximum works have been done
to refine grain structure by rapid solidification, inoculation, mould vibration and
semi-solid casting. However, very few researches have been carried out in the field
of non-contact ultrasonic casting. In this work, non-contact ultrasonic casting of
Al–4wt%Cu–2wt%Mg was carried out. Microstructure and mechanical properties
of non-contact ultrasonic castings were compared with conventional castings. In
ultrasonic casting, refined and better mechanical properties were obtained than the
conventional casting.
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Fig. 1 Ultrasonic vibration
set-up

2 Experimental Procedure

2.1 Preparation of Master Alloy

Master alloy of Al–4wt%Cu–2wt%Mg was prepared by melting in an induction
furnace using commercially pure Al, Cu and Mg. Chemical composition of above
composition is confirmed by optical emission spectrometer.

2.2 Ultrasonic Casting

The experimental set-up of ultrasonic casting is shown in Fig. 1. It consists of a
steel mould which was surrounded by sufficient water so that effective transmis-
sion of ultrasonic waves to liquid metal could take place. The ultrasonic vibration
was allowed till solidification. 20 kHz frequency was set for ultrasonic vibration.
Conventional casting was made in the same mould. Water of ultrasonic chamber
was heated to 70 °C. Melting of master alloy was done in the induction furnace. The
moltenmetal was transferred in ultrasonic vibration-assistedmould and conventional
casting mould. Liquid metal was poured into mould at 700 °C. Cast samples were
characterized for microstructure study and mechanical properties.

2.3 Hardness

Hardness measurements were performed on the polished samples. Hardness was
measured by using the Brinell hardness tester. The indenter ball of 10 mm diameter
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Fig. 2 Tensile bar specimen prepared by using milling machine

and 500 Kgf load was applied. Hardness at five locations was taken and finally
averaged it out.

2.4 Tensile Testing

Tensile test samplesweremade by themachining as per theASTMB557M-02 a stan-
dard. ASTM A536 method (EN1563) was employed for tensile testing; the machine
used was Zwick/Roell Universal Testing Machine Model BTC-EXOPTIC.005 (50
KN), at IIT Patna. A loading rate of 0.05 mm/min was set for the tensile test of speci-
mens; meanwhile, for adjusting and stabilizing the experimental set-up, a preload of
50 N was applied to the specimen. Prepared tensile specimens are shown in Fig. 2.

3 Results and Discussion

3.1 Microstructure Analysis

Microstructures were taken at by using a NEOPHOT 32 metallographic microscope
on surface etchedwithKeller’s reagent (20mlHF (48%), 30mlHCl, 50mlHNO3 and
190 ml water). Microstructures are shown in Fig. 3. Figure 3a shows microstructure
of castings with ultrasonic casting route. Very fine structures and free from porosity
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Fig. 3 Microstructure of
a ultrasonic casting and
b conventional casting

(a)  Microstructure of Ultrasonic Casting

(b) Microstructure of conventional casting

were observed in ultrasonic casting compared to conventional as shown in Fig. 3b.
Refinement of microstructure depends on cooling rate and fragmentation of dendrite
or cellular structure. In ultrasonic cavitations, mould was placed inside into the water
bath, where cooling rate was faster than the conventional casting. Faster cooling
causes more under cooling that results into fine structure. Ultrasonic cavitations
generate instantly huge shock waves dues to collapsing of bubbles. This shock wave
fragments dendrites or cellular structure. Therefore, in ultrasonic casting, there is
combined effect of cooling and vibration that causes grain refinement as observed in
Fig. 3a.
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Table 1 Hardness value of
ultrasonic casting and
conventional casting

Sample Hardness (BHN)

Ultrasonic casting 64

Conventional casting 43

Table 2 Ultimate tensile
strength of ultrasonic casting
and conventional casting

Sample UTS (MPa)

Ultrasonic casting 189

Conventional casting 148

3.2 Brinell Hardness

TheBrinell hardness has been taken at different five locations on the polished surface.
Average value was taken as the final results. Average hardness value is given in Table
1. The hardness of ultrasonic casting was obtained 64 BHN, while conventional
casting was 43 BHN. Higher value of hardness in ultrasonic casting is due to grain
fineness and least porosity comparing to conventional casting.

3.3 Ultimate Tensile Strength

The average ultimate tensile strength of ultrasonic casting and conventional casting
is given in Table 2. Ultimate tensile strength of ultrasonic casting is higher than that
of conventional casting due to finer microstructure of ultrasonic casting. Ultrasonic
casting shows least porosity compared to conventional casting because ultrasonic
vibration also helps in degassing. This may be also one of the causes of higher UTS.

4 Conclusions

Based on the above results and discussions, the following conclusions can be drawn:

• Ultrasonic mould vibration causes refinement of microstructure as well degassing
due acoustic streaming in the molten metal and faster cooling as heat transfers
from mould wall to water.

• Mechanical properties of casting can also be enhanced by ultrasonic casting due
to refinement of microstructure and degassing of molten metal.

• Since casting was done non-contact type, i.e. in bath stead of probe, so bigger
casting can be made with better mechanical properties compared to conventional
casting. Therefore, ultrasonic casting will be an alternative casting method to
make casting with minimal porosity and very fine microstructure.
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Performance Augmentation
of Low-Temperature Sub-critical
Organic Rankine Cycle Using First
and Second Law-Based Analysis
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Nomenclature

T Temperature
P Pressure
M Molecular Mass
ñ Molar flow rate
ĉp Specific heat at constant pressure
η Efficiency
ṁ Mass flow rate
h Specific enthalpy
Q Heat
W Work
ODP Ozone depletion potential
GWP Global warming potential

Subscript

cr Critical temperature
NBP Normal boiling point
i Index
p Pump
E Expander
wf Working fluid
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s Saturation
Exe Exergy
Gin Gas in
Gex Gas exit ambient
o Ambient

1 Introduction

The combined cycle power plant (CCPP) is the only solution to reduce fossil fuel
consumption and to utilize the industrial emissions to meet the energy demand of
general public. A number of thermodynamic cycles such as Kalina cycle (KC) [1],
trilateral flash cycle (TFC) [2], organic Rankine cycle (ORC) [3, 4] and supercritical
Rankine cycle (SRC) were studied and compared [5]. Among the all other thermo-
dynamic cycles, the organic Rankine cycle is the highly efficient cycle to operate on
low-temperature heat of biomass, solar, geothermal, waste heat of engine and other
sources for generating an additional power to meet the increased demand and reduce
the high-temperature emissions into the environment. The use of organic working
fluid instead of water differs the conventional Rankine cycle from ORC. Looking
at its advantages, this cycle is more reliable and chosen for the heat source temper-
ature greater than or equal to 100 °C [3]. The ORCs are classified on the basis of
the turbine inlet pressure as subcritical and supercritical cycles [4]. The selection
of working fluid based on its thermo-physical properties, heat source condition and
the expander design is the roots for performance enhancement of ORCs and is a
challenge for researchers. Based on the slope of saturated vapour curve on temper-
ature–entropy (T-s) diagram, the organic fluids can be classified as dry, wet and
isentropic type [4]. Wang et al. [6] investigated the performance of nine working
fluids for engine waste heat recovery application using a thermodynamic model built
in MATLAB together with REFPROP and compared them based on its thermal effi-
ciencies, exergy destruction and safety and environmental impacts. Uusitalo et al.
[7] recommended fluorocarbons and low critical temperature hydrocarbon for low-
temperature ORC system and siloxanes and high critical temperature hydrocarbon
for high-temperature ORC applications. Although an immeasurable research is done
on ORCs over wide range of application, this paper focuses on screening of seven
organic working fluids based on its physical, thermal and environmental proper-
ties and evaluates the thermal efficiency, net power output and exergy efficiency
at different conditions. The conclusion is done based on the results obtained and
validated with the finding.
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Table 1 Thermophysical properties of pure working fluid

Substance Molecular
structure

M.
Mass

T cr (K) Pcr (Bar) TNBP (K) ODP GWP Type

R245fa CF3-CH2-CHF2 134.05 427.2 36.40 288.05 0 950 Dry

R245ca CF3-CHF-CH2F 134.05 447.57 39.25 298.28 0 610 Dry

R236ea CF3-CHF-CHF2 152.04 412.44 35.02 279.34 0 1200 Dry

R236fa CF3-CH2-CF3 152.04 398.72 32.00 271.75 n.a n.a Dry

R227ea CF3-CHF-CF3 170.02 374.89 29.29 256.81 n.a n.a Dry

R134a CF3-CH2-F 102.03 374.18 40.56 247.08 0 1430 Wet

Toluene C7H8 92.14 591.8 41.3 383.75 0 0 Isentropic

2 Working Fluid Postulant

The thermo-physical and environmental properties of working fluid postulant have
been listed in Table 1 taken from REFPROP [8].

3 System Description and Assumption

The subcritical ORCs consist of following components: organic vapour generator
(OVG), high-pressure organic vapour expander (HP OVE), low-pressure organic
fluid condenser (LP OFC) and organic fluid feed pump (OFFP) as shown in Fig. 1.
The working theory of ORC is similar to conventional Rankine cycle as shown in
T-s diagram (Fig. 2).

For calculating the cycle performance, several assumptions are made to conceive
the ORCs as follows.

Fig. 1 Simplified ORC system
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Fig. 2 T-s diagram of the
ORC

• The analysis assumes system under steady-state condition.
• The heat losses and the drop in pressure in different heat exchangers and pipes

are undervalued.
• The ambient temperature and pressure are 307.15 K and 100,900 Pa.
• The isentropic efficiency of turbine and pump is taken as 75% and 60%,

respectively [7].

4 Modelling of ORC System

The heat source is the heat of waste gases coming from the stack of two heat recovery
steam generators (HRSGs) with an average temperature of 371.15 K, and total heat
drop of gases in the ORC vapour generator is 5012 kJ/s. The molar flow rate of
components of waste gases and specification of heat entering the evaporator are given
in Table 2. The total enthalpy of gases leaving the evaporator can have expressed as
[9].

i=5∑

i=1

ñi

T∫

To

ĉ pidT (1)

Table 2 Molar flow rate of components of waste gases

Molar flow rate (kmol/s) CO2 H2O N2 O2 Ar

ñ1 0.3285 0.8193 7.9743 1.5027 0.0954

ñ2 0.3073 0.7663 7.4581 1.4054 0.0892
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where i = number of components of gases, ñi is molar flow rate of components of
gases,

∫ T
To

ĉ pidT is the molar physical enthalpy of each component of gases.
Process 5-1: The isentropic efficiency and rate of work done on pump is expressed

as [10]

ηp = h5 − h1s

h5 − h1
(2)

Wp = ṁw f · (h1 − h5s) (3)

Process 1-3: The waste heat of exhaust absorbed by working fluid flowing in an
organic vapour generator can be expressed as

Heat gain by ORC fluid = Heat loss by gases

Qgases = mw f · (h3 − h1) (4)

Process 3-4: The isentropic efficiency and rate of work done by organic expander
can be expressed as [11]

ηE = h3 − h4

h3 − h4s
(5)

WE = ṁw f · (h3 − h4) (6)

Process 4-5: The condensation of organic fluid in condenser can be expressed as
[11]

Qc = mw f · (h5 − h4) (7)

4.1 Performance Parameters

The net power output can be expressed as [11]

Pnet = WE − Wp (8)

The cycle efficiency can be expressed as [11]

η = WE − Wp

Qgases
(9)

The exergy efficiency can be expressed as [12]
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ηExe = WE − Wp

mw f · cpg[TG,in − TG,ex − To · Ln TG,in

TG,ex
] (10)

5 Results and Discussion

The evaporator temperature varies from 75–85 °C and the condenser temperature
from 20–45 °C with the difference of 5 °C. Figure 3 depicts the net power output
with respect to critical temperature for different working fluid at an evaporator and
condenser temperature of 85 °C and 20 °C, respectively. Figure 3 revealed for
the same type of fluid there is increase in net power output with critical temper-
ature arranged in the order of R134a(wet) > Toluene(isentropic) > R245ca(dry) >
R245fa(dry) > R236ea(dry) > R236fa(dry) > R227ea(dry). Figure 4 shows the effect
of net power output with condensation temperature at a given evaporator tempera-
ture. Themaximumpower output is obtained fromR134a andminimum fromR227ea
with a power increase of 534.19 kW at 20 °C to 649.87 KW at 45 °C. If the conden-
sation temperature increases, the specific enthalpy drop in the expander decreases
and hence the net power output decreases. Figure 5 depicts the relationship between
the exergy efficiency with evaporation temperature at a condenser temperature of
20 °C for different fluids. The maximum exergy efficiency is obtained for wet fluid
at an evaporator temperature of 85 °C. Figure 6 depicts the condensation temper-
ature effect on cycle efficiency for different working fluids at a given evaporation
temperature of 85 °C. The cycle efficiency reduces with an increase in condensation
temperature except for R134a. The maximum cycle efficiency among the dry and
isentropic fluids is for Toluenewhich decreases from12.153 to 7.735%when conden-
sation temperature increases from 20–45 °C. Figure 7 depicts exergy efficiency for

Fig. 3 Variation of Power
output with critical
temperature of organic fluids
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Fig. 4 Variation of power output at different condenser temperature

Fig. 5 Variation of exergy efficiency at different evaporator temperature

different condensation temperature. The maximum exergy efficiency is attained at a
condensation temperature of 20 °C for toluene (75.282%) with a trend of decrease
with increase in condensation temperature followed by R245ca > R245fa > R236ea
> R236fa > R227ea. For working fluid R236ea, the exergy efficiency decreases first
upto 40 °C and then increases with increase in condensation temperature. The heat
of waste gases absorbed by organic fluid decreases when the condenser temperature
increases due to increase in the specific enthalpy at evaporator inlet which results
in cut in network output and hence cycle efficiency and exergy efficiency decrease
[12].
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Fig. 6 Variation of
efficiency at different
condenser temperature

Fig. 7 Exergy efficiency for
different condensation
temperature

Figures 3 and 4 show power output with condensation temperature for different
working fluids, respectively.

Figures 5 and 6 show the effect of evaporator temperature on exergy efficiency
and thermal efficiency for different condensation temperature, respectively.
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6 Conclusion

• Among the dry fluids, the maximum efficiency and highest power are achieved
with R245ca (T e = 85 °C and T c = 20 °C) due to high critical temperature and
pressure among them.

• Themass flow rate of working fluids among the dry fluids is maximum for R227ea
with higher temperature of 70 °C and lower temperature of 45 °C due to high
evaporator pressure for the same heat source condition.

• The cycle efficiency decreases with rise in condenser temperature at an evaporator
temperature of 85 °C and is maximum at 20 °C.

• R245ca is considered as the highly efficient fluid among the studied fluids with a
maximum power output of 762.7622 KW for winters.
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of Turbocharger Rotor Supported
with Auxiliary Gas Foil Bearing Under
Exhaust Emission Conditions
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and Gunji Balamurali

1 Introduction

Turbochargers have high-speed rotors with compressor and turbine disks on either
end along with radial and axial bearing supports. The main reasons for the failure
of turbochargers are due to casing—impeller rub and bearing wear events, etc. To
avoid these failures, a reliable design of the rotors is necessary. In addition to high
speeds, the rotor is subjected to high thermal heat flux exclusively on the turbine side
and cavitated flow conditions on the compressor side. More commonly, turbocharger
rotors are supported on floating ring bearings. Several recent studies [1–3] focused
on the oil-free bearings for turbocharger rotors, and gas foil bearings are found to
be successful alternatives in this regard. In the construction of the gas foils, various
layers of sheet foils are used. The performance of the gas foil depends on the support
structure. The foil structure is commonly consists of bump strips and the smooth foil
rest on top of these strips [4]. The contamination is one of the major disadvantage in
oil bearings to overcome this, and gas foil bearing technology is developed. However,
due to their relatively low damping capabilities, these cannot be used alone in critical
applications.

Often the temperatures at the exhaust manifolds are very high. Exhaust gas emis-
sion conditions are very essential in the analysis. Liang et al. [5] investigated a 3D
thermo hydrodynamic model of the TC supported on the semi-floating ring bearings.
The expansion of solid parts and heat conduction greatly influenced the temperature
fields and oil film clearances [6]. Hoepke et al. [7] explained the conjugate heat
transfer in TC components such as compressor, turbine and bearing housing. Li et al.
[8] explained the thermo hydrodynamic analysis of the TC rotor floating ring bearing
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system with numerical and experimental simulations. The heat transfers in the lubri-
cation system, and the solid parts play a vital role. The thermal expansion influences
the oil film clearances and temperature of the ring changes for large amplitude as
rotor speed varies. More recent works (e.g., [9]) concerned with the use of auxiliary
bearing for control of dynamic response of the rotors.

Present work focuses on the dynamic modeling and simulation studies of an
on-board turbocharger rotor supported over two floating ring radial bearings with
an auxiliary gas foil bearing. Initially, finite element method is used to model
the rotor bearing system. The external gas excitation loads are modeled as axial
harmonic forces expressed in terms of force magnitude, phase and number blades.
By varying the auxiliary gas foil bearing parameters, the dynamic response is signif-
icantly affected, and this is used as an effective control technique in certain operating
conditions of rotor.

2 Mathematical Model of TC

Both compressor and turbine disks are considered as rigid members, whereas the
rotor is considered as flexible member. Each element has eight degrees of freedom
(DOF). Figure 1 shows the FE model used in the present work.

The final equations of motion of the rotor are expressed as:

Mq̈ + [C+ �G]q̇ +Kq = F
(1)

Here, the assembled mass, damping, gyroscopic and stiffness matrices are repre-
sented asM, C, G and K. Also, q is the displacement vector, and the unbalance and
gravity force is denoted with F at the disks.

Fig. 1 FE model used
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2.1 Bearing Forces

TheCaponemodel in Refs. [10–12] is referred in this article tomodel the FRB forces.
The inner and outer component forces from the pressure distribution are expressed
as: {

Fix
Fiy

}
= μi (� j + �r )R j Li

(
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)2
{

fi x
fiy

}
(2)

{
Fox

Foy

}
= μo�r RroLo

(
Ro

C2

)2( Lo

2Rro

)2
{

fox
foy

}
(3)

where f ix, f iy and f ox, f oy indicates the journal and bearing component forces, respec-
tively. The forces of GFB forces are evaluated from instantaneous bearing pressures
predicted from finite difference method, and the force components are obtained
according to the following equations [2].

Fx = pa R
2

2π∫
0

L/R∫
0

(p − 1) sin θdθdz (4)

Fy = −pa R
2

2π∫
0

L/R∫
0

(p − 1) cos θdθdz (5)

2.2 Exhaust Emission Forces

The exhaust gas excitation is considered as the external load in the axial direction at
the turbine side. Under first blade frequency load excitation, the longitudinal primary
resonance occurs. Here the harmonic excitation force is

Fg = F0 sin(nb�t + ϕ) (6)

where F0 is the magnitude, nbΩ is first blade frequency of rotor,φ is the phase
angle and nb is the number of blades on turbine wheel. Thus, it is affected by number
of impeller blades, speed andmagnitude. This axial load alongwith radialMuszynska
forces together constitutes one ideal representation of gas excitation.
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3 Results and Discussion

Dimensional data of the system is selected from Ref. [13]. The validation of the
present model was explained in the previous publication [14]. Initially, without
considering an auxiliary gas foil bearing, the system response is identified. Figure 2
shows the time history and FFT of the rotor system without an auxiliary gas foil
bearing at a rotor speed of 15,000 rpm.

It is identified that there are three dominant peaks obtained: First two are the sub-
synchronous frequencies due to oil whirl/whip, whereas the third component peak
is speed dependent. From time history, it is observed that the system is in periodic
in nature. Further, the influence of the auxiliary GFB in the system is studied. The
time histories and FFT of the system with auxiliary GFB in the system at the same
rotor speed of 15,000 rpm are shown in Fig. 3.

The three peak amplitudes without auxiliary bearing in the system are found
as 2.669 × 10−6 m, 4.306 × 10−6 m and 5.944 × 10−6 m, respectively. Whereas
with auxiliary bearing in the system, the two peak amplitudes are found to be 3.95
× 10–6 and 8.01 × 10–6 m. It is observed that the first sub-synchronous peak is
disappearing and the amplitude of the second sub-synchronous peak is also reducing
with introducing the GFB in the system. The auxiliary gas foil bearing is therefore
influencing the response of the system. Further, at two different rotor speeds (N =
10,000 rpm and 25,000 rpm), the frequency response of the rotor system is predicted
which is shown in Fig. 4. It is observed that the frequency of dominant peak is
dependent on the rotor speed.

Further, keeping the floating ring bearings parameters constant, the response of
the system is obtained by varying the GFB parameters. Figure 5 shows the FFT of
the system at right bearing with different gas foil bearing clearances.

It is identified that, as the bearing clearance increases, the amplitude is increasing
and the fundamental frequency of the system is also increasing.
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4 Conclusion

Dynamic analysis and stability studies of the turbocharger rotor systemwith an auxil-
iary GFB under exhaust gas excitations have been presented. The rotor model was
developed with FEM, and the dynamic response of the system due to unbalance,
gravity and exhaust gas excitation was obtained. The influence of the GFB param-
eters on the system response was studied. It was concluded that the auxiliary GFB
influences the response of the system considerably and acts like amplitude control
mechanism. Further studies are required to know the effects of GFB replacing one of
the failed floating ring bearings. The optimum location and parameters of the GFB
can also be predicted as future scope.
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Optimization of Hardness Properties
of Magnesium-Based Composites
by Using Taguchi Method

Sakshi Singh and Nathi Ram Chauhan

1 Introduction

In the automobile sector, minimumcost and lightweight are some key issues. Exhaus-
tive exercises have been performed by manufacturers to produce lightweight auto-
motive parts. Meantime, purchasers’ interest increases for comfort, interior design,
safety, and navigations [1]. To justify these demands, automotive manufactures are
switch to light materials and composites as purchasers’ demands. After aluminum
as light metal, magnesium is the correct preference to replace Al in automobile parts
because of its low density, i.e., 1.72 g/cm3. Valve covers, intake manifolds, transmis-
sion, and alternator housings are some capable components that can be taken over
withAl [2]. Despite,Mg and its alloys are efficient inminimizing themass of automo-
bile parts, mechanical features of Mg, and its alloys that include immense strength,
and hardness should be refined [3]. Many types of research have been executed to
reach these conditions such as design, material, and processing modifications [4, 5].

Synthesizing of magnesiummetal matrix composite (MgMC) by stir casting with
the inclusion of reinforcements is one of the methods to improvise the mechanical
characteristics. Several authors have studied carbide particulates that increase the
mechanical characteristics of magnesium like graphite, TiC, SiC, B4C, and alumina
[6–10]. Silicon carbide is a hard carbide material which is used for synthesizing of
MgMC [11]. Some researchers also have used TiC into the synthesizing of MgMC
as reinforcements [12, 13]. The destructive properties of MgMC like TiC particles
in MgMC increased [14, 15].

In order to minimize the high cost of reinforced materials, composites would
be combined with graphite to common reinforcements such as alumina and silicon
carbide to make it hybrid composites. This results high dislocation density to Mg-
based composites and improves mechanical properties also [16]. It is also reported
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Fig. 1 Different parameters
used to study the hardness
effect of MgMC

that the weight percentage of graphite is low, then Mg-based composite shows low
hardness aswell as tensile and compressive strength [17–20]. The addition of graphite
with silicon carbide in Mg-based composite plays a key role in improving the macro
and microhardness properties of composites [21, 22]. The same trend also described
improved tensile and hardness properties of Mg-based composites where B4C and
graphite are reinforced materials [23].

In this study, Mg with (B4C + Al) hybrid composite has been processed. Also,
evaluations of mechanical properties have been done by optimizing through Taguchi
method.

2 Methodologies

Pure Mg ingot is a matrix material, with B4C and Al as reinforcements. Mg-matrix
has been blended in a crucible (made of steel) at 650 °C. Further, the B4C and Al
(reinforcements) have been added in different proportions. During this liquefying
process, stirring has been performed.

MgMC synthesizing by VSP-SC has been associated with different specifications
like furnace, mold, and composition. The specifications (stirrer, mold, furnace, and
matrix alloy) that affect theBrinell hardness ofMgMCduring theVSP-SCprocess are
shown in Fig. 1. The weight percentage of MgMC composition, liquefying tempera-
ture, stirring speed, and stirring time, i.e., processing parameters, have been preferred
by Taguchi design where parameters have different levels as presented in Table 1.

3 Results and Discussion

The hardness values of MgMCs are measured by hardness number, i.e., BHN, and
the indenter in Brinell hardness tester machine. Meanwhile, each of the experimental
conditions is given in Table 2. Then, analysis of variance has been performed to
investigate the factors which significantly support the Brinell hardness of MgMC.
The average Brinell hardness values and the S/N ratio values are given in Table 3. In
order to achieve the best Brinell data of MgMCs, “Larger is better” has been applied.
Based on the investigation D3, C3, B2, and A3 values, the optimum condition of
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Table 1 Processing
parameters with their levels
and elements for the stir
casting process

Elements Level

1 2 3

Composition
of MgMC(A)

Mg + 5% wt.
B4C + 0% wt.
Al

Mg + 0% wt.
B4C + 5% wt.
Al

Mg + 5% wt.
B4C + 5% wt.
Al

Stirring
speed, rpm
(B)

400 450 500

Stirring time,
min (C)

9 12 15

Molten temp.
of MgMC,oC
(D)

750 800 850

hardness value has been concluded. It is observed that the increase in hardness value
increases proportionally with the increased in the Element A level.

Table 4 shows the ANOVA results. Element A and element B improve the Brinell
hardness. However, element C and element D indicate the minimal response to the
hardness of MgMC. Therefore, great origination is observed in element D during the
VSP-SC process of MgMCs that cannot be eliminated.

The 9.98% contribution error has been obtained as given in Table 4. This means
that such a percentage factor affects all significant factors in the evaluation. Because
of these factors in the adopted model, the percentage factor value must be ≤50%.

Equally, analysis of variance shows that element A and element B have a signif-
icant input to the hardness as given in Table 4. For the optimum mean surface, the
confidence interval for hardness value is: 58.572 ± 1.30 kgf/mm2, which equal to =
56.795 to 59.755 kgf/mm2.

From the Taguchi method (by experimental analysis), the mixing of B4C plays a
key point in the hardness of MgMCs. Composite having the highest B4C weight
percentage shows the maximum hardness. Another element that devotes to the
maximum hardness value is the 450 rpm stirring speed. It is observed that when
stirring speed is more than 450 rpm, hardness value degenerated. It is because of
the slight formation of porosity in MgMCs because of the blade (stirrer) when speed
rose (Fig. 2).

4 Conclusions

Fabrication of MgMCs using the VSP-SC process has been successfully conducted.
The Brinell hardness of MgMCs has been evaluated by the L9 orthogonal method.
ANOVA evaluates that two processing factors (i.e., composition ofMgMC and speed
during stirring) influence the Brinell hardness ofMgMCs prominently. The best level
is observed at A3 and B2. As per ANOVA, element A (MgMC weight percentage
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Table 3 S/N response values with their Brinell hardness

No Factors

A B C nz > BH.N S.-IST ratio

1 1 1 1 l 50.83 25.55

2 1 2 2 2 52.64 34.12

3 1 3 3 3 55.30 34.4–2

4 2 1 3 3 48.1 S 34.85

5 2 2 2 1 38.52 33.65

6 2 3 1 2 44.76 31.71

7 3 1 3 2 61 0.02 33.OL

8 3 2 1 3 75.22 35.70

9 3 3 2 1 64.84 37.52

Table 4 Mg-MCs Brinell hardness values from ANOVA

Source ss DF MS F-ratio SS; Ratio (%} F-table

A 484.49 2 240.42 111.30 475.14 73.19 3.46

B 69.29 2 34.14 15.16 64.49 11.23 3.46

C 51.06 2 26.30 10.25 46.17 9.49 3.46

D 2.40

Error 38.11

Pooled 40.61 20 2.8050 1 52.81 6.09

SSt 630.45 26 302.80 646.4 100

Mean 72,100 1

S Stntsl 72,544 11

Fig. 2 Graphical response
of mean hardness at different
levels and their factors
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composition) and element B (speed during stirring) influence the Brinell number
prominently by 72.14% and 08.32%, respectively. Also, the temperature of MgMC,
i.e., element D, gives no prominent influence on the Brinell hardness of MgMC.
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Grey Wolf Optimizer-Based PID
Controller Design for Laser Beam
Pointing Applications

Himanshu Chaudhary, Shahida Khatoon, Ravindra Singh,
and Ashish Pandey

1 Introduction

Fast steering mirrors are becoming an integral part for laser beam steering and
pointing in numerous applications; such as surveillance, tracking and pointing
system, guided weaponry system, navigation system, ground and space commu-
nication, astronomy research and so on. They are generally employed to obtain
much precise pointing, jitter attenuation and fast response by eliminating the effect
of various internal disturbances such as frictional coupling, kinematic coupling,
geometric coupling, mass unbalance, mechanical and electrical issues, thermal limits
of actuators and external disturbances due to operating environment effect on LOS
and platform disturbances [1]. There are several types of tracking and pointing
configuration developed so far other than fast steering mirror approach [2]. In recent
past, several configurations of fast steering mirrors with basic difference in their
mechanical analysis and control configuration designs are proposed [3], such as four-
quadrant-based piezoelectric fast steering mirror(PFSM) [4], magnetic suspended
fast steering mirror (MSFSM), high bandwidth fast steering mirror (HBFSM) [5]
and micro-electrical mechanical system (MEMS)-FSM [6]. A scientist or designer
developing all such acquisition, tracking and pointing (ATP) system always faces
many issues and performance limitation, which are broadly described in [1].

Several control law have been proposed so far to steer the line of sight and mini-
mize the effect of disturbances. These includes PI and PID controller configuration
[7], H infinity control [8], feed forward system design, real-time FPGA-based feed-
back control, Lyapunov stability approach [9], sliding mode control (SMC) [10] and
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many more. But the use of optimization algorithm and intelligent controllers is still
very constrained with the FSM dynamics. Optimization algorithms [11, 12] proven
to very efficient enough in recent past for complex dynamics problems to provide
more robust and accurate solution.

2 FSMModelling and Design

Consider FSM mirror as a standalone device with four piezo-actuators and with no
coupling with gimbal assembly as shown in Fig. 1 [13]. Then, this FSM with piezo-
actuator can be modelled as a spring mass system. Simplified form of spring mass
system is represented as;

F = Mẍ + Dẋ + Kx (1)

G(s) = X(s)

F(s)
= 1

MS2 + DS + K
(2)

Consider motion of FSM along azimuth axis as shown in Fig. 1b, the forces acting
on the mirror are piezoforce, and spring forces are due to piezo-stiffness and inertial
force.

For small angle of rotation δθx of the mirror, the equation of rotational motion
about the X-axis is:

2Fr1 = Ixxδθ̈x + Bδθ̇x + 2K δxr1 (3)

As the δθx is very small, it can be replaced by (r1.δθx ) and then equation becomes;

2Fr1 = Ixxδθ̈x + Bδθ̇x + 2Kr21 δθx (4)

where F is the applied piezoforce, K represents piezo-actuator linear stiffness, B
is viscous damping constant and Ixx is the moment of inertia. Considering Eq. 4
and taking its Laplace transformation, the angular rotation with respect to applied

Fig. 1 a Piezo-actuated fast steering mirror, b FSM rotation about X-axis (azimuth)
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piezoforce is represented in form of second-order transfer function as;

δθx (s)

F(s)
=

(
1

Ixx S2 + B.S + 2Kr21

)
(5)

3 Performance Specifications

The control configuration is designed for the FSM pointing system, such that it must
adhere to the following minimum specifications.

(1) Close loop bandwidth > 100 Hz.
(2) Accuracy of 30 µrad for commands up to 5 Hz.
(3) Step response shows minimal overshoot and rise time must be less than 5 ms.
(4) Disturbance frequencies 0.1–6 Hz.

Exact parametric values of FSM system is considered as follows:
Moment of inertia about the X- and Y-axis are 6.43e−3 kg m2 and 3.663e−3 kg

m2; K (piezo-linear stiffness) = 80e6 N/m; A (maximum angular displacement of
FSM) = 3 mrad; damping ratio ζ = 0.5 and peak acceleration = 1650 rad/s2.

Based on the above parameters, required peak azimuth torque can be calculated
as:

I xx ∗ (peak acceleration) = 6.43e − 3 ∗ 1650 = 10.6Nm

Based on the above calculated specification, differential angle of rotation to
applied piezoforce second-order transfer function can be rewritten as:

δθx (s)

F(s)
=

(
1

6.4296e − 3S2 + 2.03S + 2 ∗ 80e6 ∗ 0.05∧2

)

Simplified uncompensated FSM open loop simulation is developed first for
azimuth axis only. Figure 2a shows the frequency response of the uncompensated
plant model with resonant frequency of 1.255 kHz. Considering the disadvantages
and practical feasibility of open loop system, it is always requires to have close loop
control system design. A PI compensator along with a lag compensator is designed,
targeting a bandwidth of 100 Hz and open loop gain of 60 dB at 1 Hz:

PI Compensator = 2125 ∗
(
1 + 1200

s

)

Lag Comensator =
(
S + 2 ∗ pi ∗ 20

S + 2 ∗ pi ∗ 1

)
,

Figure 2 shows the open loop, compensated open loop and closed loop responses.
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Fig. 2 a open loop uncompensated system bode plot, b open loop compensated system bode
plot, c FSM open loop compensated system step response, d closed loop frequency response,
e compensated closed loop FSM block diagram

4 Controller Design and Optimization

4.1 PID Controller Design

PID controllers are the most standard, readily available and flexible tool for every
industrial automation application. This is the biggest advantage of using PID
controller in every control-related real-time applications. PID controller can be
used in different configurations such as serial, parallel, cascaded and in different
combinations of P, I and D.

Standard form of the PID control algorithm in S-domain is:

U (s) = Kp

(
1 + 1

Ti s
+ sTd

1 + s Td
N

)
E(s)

where Kp represents proportional gain, Ti and Td are the integral and derivative
time constants and N is the filter coefficient. The ultimate aim is the adjustment or
tuning of Kc, Ti and Td for designing of PID controller [14, 15]. Here, the good gain
method is applied for determining the parameters of PID controller at the initial level.
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The parameters obtained with the fine-tuning of PID controller are: KPGG = 300;
Tou = 0.0025; Ti = 1.5 ∗ 0.0025 = 0.00375; Kp = 0.8 KPGG = 240; Td =
Ti
4 = 0.0009375. Further, for the optimization of the PID controller parameters, grey
wolf optimization (GWO) algorithm is used with the minimization of the objective
function.

4.2 Grey Wolf Optimizer Algorithm

Grey wolf approach is a metaheuristic approach that can provide solution to the
various control optimization problem. It has been first introduced by Mirjali et al.
[16]. GWO approaches the optimal solution based on the hunting behaviour and
social hierarchy of the wolves.

Initially, the search starts with the random population generation of wolves
followed by the arrangement of wolf in social hierarchy. Next, in the hunting process,
these wolves try to estimate the optimum location of prey through a continuous itera-
tion method. The objective of the optimization algorithm is to obtain finest values of
PID controller parameter byminimizing integral time absolute error (ITAE) function.

In the present work, social hierarchy and hunting behaviour of grey wolves are
mathematically modelled in order to develop GWO algorithm, and the optimization
of ITAE is performed to obtain the parameter of PID controller. GWO algorithm for
minimization of ITAE function is developed in MATLAB, and the optimized values
of PID controller are obtained with number of simulation runs. The performance
evaluation graph is shown in Fig. 3.

ITAE function is represented by;

Fig. 3 Performance index evaluation
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Fig. 4 a Step input command response, b line of sight jitter for disturbance signal

ITAE(t) =
t=∞∫
t=0

t ∗ |e(t)|dt

The obtained values are given as;
total number of search agents (population): 100; number of iteration: 10; fitness

function average: 1.51654e+02; elapsed time 1179.79228 s; parameters boundary
limit; [0 10; 0 10; 0 10]; values: Kp = 204.1722; Ti = 0.045; Td = 0.075.

5 Result and Discussion

Different design parameters like closed loop bandwidth, transient response character-
istics, steady-state response and jitter attenuation performance have been taken into
consideration for design of control loop strategy for fast steering mirror dynamics.
The overall dynamics and control configuration design have been performed in
MATLAB and Simulink. The performance characteristics obtained from the above
discussion and design are shown in Fig. 4.

It is observed that the GWO optimized PID controller results in the ameliorated
system dynamic performance with minimal jitter of about 25 µrad, and optimal
input command response with minimal or no overshoot, minimum rise time, i.e., 2
ms, settling time of 20 ms and with almost zero steady-state error.

6 Conclusion

The kinematic relationship is established between angular rate responses to the input
torque followed by simulation of the complete FSM dynamic model for azimuth
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axis. Standard compensator design approach is used to achieve the desired speci-
fications, particularly, the bandwidth limitation. The performance characteristic of
PI-Lag compensation-based FSM model validates the modelling and dynamics of
the designed system. Further, for improving the performance of designed model,
PID controller is designed based on good gain method and the gains of the PID
controller are fine-tuned using grey wolf optimizer algorithm. Number of simulation
runs validated the output response characteristics of both PID controller and GWO
optimized PID controller, although the observed performance characteristics of all
three controller configuration are satisfactory. But certainly, the response of GWO-
tuned PID controller dominates the other two configurations in terms of both input
command response and jitter attenuation performance.
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Effect of Iron Content and Machining
Parameters on Surface Roughness
of Al–1V–1Si Alloys

Bibeka Nand Pathak and Arunesh Chandra

1 Introduction

Machinability is one of the major criteria for the selection of material for different
applications. The simplicity with which a metal can be machined is an important
variables influencing the utility, quality and cost of the item. On the basis of applica-
tion, machinability is considered in terms of a tool wear rate, tool power consumption
and surface quality. There are many ways that can be judged by the machinability of
materials depending on the tool material, work material and machining operation for
comparison purposes. The main criteria adopted for machinability assessment of the
material are tool life, tool wear rate, cutting power and surface roughness created at
the workpiece [1, 2]. Generally, it is related to the machining cost of production engi-
neer, and they are serving to the actual behaviour of the material during machining
[3].

Properties of the aluminium alloys can improve by addition of some alloying
elementswhich also affect themachinability.Amongall the alloying elements, silicon
is mostly used and improves the fluidity and castability of Al alloys. Small amount
of silicon (<0.8%) addition improves machinability but when silicon percentage is
higher, it forms hard silicon particles which is quite abrasive to the tool [4].Minimum
80 BHN (Brinell hardness number) hardness is required for good machinability;
however, hardness is not the only judgement criteria for machinability. If there are
higher content of iron in an Al–12Si–Cu–Mg alloy, then it results greater amount of
coarser structure than lower content of iron alloy [5]. Modification of the internal
structure with addition of alloying elements, selection of process, or subsequent
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heat treatment can improve machinability of Al alloys. It also observed that the
internal structure of the alloys affected dramatically the machinability [6]. When
tool life increases or hardness of workpiece material decreases, the machinability
of the workpiece increases, and lower production cost and high productivity are
possible [7]. Surface roughness is one of the imperative parameters which influence
the machinability as well as service life of the component.

From the literature study, it shows that there are some relation between the
machined surface quality and their microstructure of the alloy. From the literature
survey, it was found that cutting force and the surface quality increases if the sizes of
the soft matrix grains produced increases [8]. It has been seen from the cutting force
value obtained that generally the cutting force lowers with cutting speed increasing
for all the workpiece materials. There are two main factors to drop in the forces in
the specimen. In the flow zone, shear strength decreases as cutting speed increasing,
and the other factors are to decrease in tool–chip area for the responsible to drop in
the forces as cutting speed increases [9]. From the experimental results, it has been
shown that the surface quality is a function of cutting parameters, composition and
alloy conditions [10].

The present work concerns the test investigation of machinability of high iron-
containing aluminium alloys in terms of surface quality of machined samples. There-
fore, it is important to analyse the machining behaviour of these alloys and compare
them between different compositions of alloys and also to study the effect of the
following various parameters like feed rate, depth of cut and cutting speed on
machinability behaviour and their surface quality duringmilling of aluminium alloys.

2 Experimental Method

2.1 Alloy Preparation

The experimental specimen were made in an electric heating furnace in an earth-
reinforced graphite pot under the cover of without Na transition flux. For the prepara-
tion of alloys, Al-21% Fe, Fe-50%Vmaster alloys were utilised. At first, the graphite
pot was preheated to about 600 °C. Then, weighted quantity of master alloys, 99.95%
pure Al and 99.99% pure Si metallic were charged (Compositions are given in wt%
unless otherwise mentioned.).

Just after melting, the molten alloy was secured with a sodium-free transition (2%
of dissolved). Na free dissolved (flux) is required because Na free motion is required
in light of the fact that Na addition expands the pin holing tendency and decreases
fluidity [11]. Subsequent to melting, adequate time was given for complete mixing
of the melt. The melt was every now and again unsettled with a graphite bar for
complete homogenisation mixing. The cover flux through scaling and dross and so
forth were skimmed off before the degassing treatment. The melt was degassed with
Ar gas introduced through steel lancing tubes. After degassing, the melt was cast
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Table 1 Alloys designation compositions of the alloys prepared

Alloy designation Chemical composition (wt%)

Fe V Si Al

BH1 1 1 1 Balance

BH2 2 1 1 Balance

BH3 3 1 1 Balance

BH4 4 1 1 Balance

in different moulds. The compositions of different alloys and different modification
treatment are given in Table 1.

2.2 Machining of Specimen

Formachinability study, a high-precision vertical CNCmillingmachine was used for
machining the alloys developed. The machining procedure was completed without
utilizing a cutting liquid. The samples size was kept 75 × 30 × 20 mm3 for each
experiment as shown in Fig. 1. A 16 mm diameter measurement HSS M35 type
device (Addison organisation) was utilised for the processing tests. The machining
parameters settled for examination as 0.5–1.5 mm depth of cut, 0.14–1.0 mm/rev
feed rate and 25–175 m/min cutting speed. These parameters were taken on the basis
of literature review and performance of the milling machine used for the experiment.

Fig. 1 Test pieces of
samples used for
machinability test
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2.3 Estimation of Surface Roughness

To survey the surface roughness of the specimen, the averagemean, Ra andmaximum
top-to-valley height, Rzwere utilised for examination. Thework piece surface quality
were estimated with the assistance of Mitutoyo compact surface roughness analyser
(model no. SJ-400). Surface roughness of the machined surface was estimated after
each test. Surface roughness of each samples was studied under various conditions,
and charts (graph) were plotted for all conditions. The average of four values was
taken for each samples.

3 Result and Discussion

In this segment, the experimental analysis of machinability of aluminium alloys in
terms of surface quality of machined alloys surfaces are reported and discussed. In
order to detect the average surface roughness (Ra) andmaximum top-to-valley height
(Rz) value, experiments were carried out by changing the machining parameter one
after another. The goal of the present work is, in this manner, to examine the impact
of various parameters on machinability properties, viz. surface quality, the process
of amid milling processing of Al–(1–4)Fe–1Si–1V alloys.

3.1 Surface Roughness

There are different surface roughness parameters might be utilised for the assess-
ment of surface roughness testing, viz. average surface roughness (Ra), root mean
square roughness (Rq) and greatest crest-to-bottom roughness (Rz). In the present
examination, Ra and Rz parameters were utilised for the surface roughness analysis.
The impact of machining parameters on average centre line height (Ra) and most
extreme crest-to-bottom height (Rz) for Al–(1–4)Fe–1Si–1V alloys is appeared from
Figs. 4, 5, and 6.

Figure 4a, b demonstrate the impact of depth of cut onRa andRz, individually, amid
machining without utilisation of cooling fluid. From the graph of surface roughness
and depth of cut, it was observed that the surface roughness height increases on
addition of iron from 1 to 4% for Al–(1–4)Fe–1Si–1V alloy. It was also seen that
in higher percentage of of iron in Al–(1–4)Fe–1Si–1V alloys, the structure was
form blocky Al3Fe precipitates which is brittle in nature of intermetallic phases and
lowers properties of the alloys. Among all these intermetallic phases appeared in
aluminium alloy, it is commonly observed that plate-like structure is not favourable
to mechanical properties specially for elongation. Altering the state of intermetallic
stages from plate-like structure to other reduced form enhances the properties and
structure of Al alloys. Optical microstructures of the Al–(1–4)Fe–1 V-1Si alloys
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Fig. 2 Microstructures of a Al–1Fe–1V–1Si alloy and b Al–2Fe–1V–1Si alloy

Fig. 3 Microstructures of a Al–3Fe–3V–1Si alloy and b Al–4Fe–1V–1Si alloy

are appeared in Figs. 2, 3 separately. The metallographic observation were done to
see the morphological changes in the phases and its impact on the surface quality.
Therefore, machinability reduces with increasing amount of iron.

Figure 5a, b demonstrate the impact of feed rate on surface roughness properties
without utilisation of cooling fluid. The processing activities were performed at
consistent cutting speed (75 m/min) and 0.5 mm depth of cut. It tends to be observed
that when Fe content increments from 1 to 4%, surface roughness height increments
for unmodified alloys.

Figure 6a, b demonstrate the impact of cutting speed on surface roughness quali-
ties, i.e., Ra and Rz, amid processing without utilisation of cooling fluid. The milling
processing were performed at 0.5 mm/rev constant feed rate and 0.5 mm depth of
cut. The outcomes demonstrate that the estimation of both surface roughness height
Ra and Rz increase with increment in Fe content from 1 to 4%.

The above discussion highlights the fact that machinability of alloys is directly
related to the compositional changes and its modification treatment.
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Impact of depth of cut on surface quality of Al-(1-4)Fe-1V-1Si alloys
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Fig. 4 Impact of depth of cut on surface roughness (Ra) and surface roughness (Rz) of Al–(1–4)Fe–
1V–1Si alloy

Impact of feed rate on surface quality of Al-(1-4)Fe-1V-1Si alloys

0.0 0.2 0.4 0.6 0.8 1.0

2

4

6

8

10

12

14

16

18

Su
rfa

ce
 ro

ug
hn

es
s,

 R
z(µ

m
)

Feed rate, f (mm/rev)

 BH1
 BH2
 BH3
 BH4

0.0 0.2 0.4 0.6 0.8 1.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

Su
rfa

ce
 ro

ug
hn

es
s,

 R
a(µ

m
)

Feed rate, f (mm/rev)

 BH1
 BH2
 BH3
 BH4

Fig. 5 Impact of feed rate on surface roughness (Ra) and surface roughness (Rz) of Al–(1–4)Fe–
1V–1Si alloy

4 Conclusions

In view of above outcomes and discussion, it is concluded that,

1. The surface quality enhanced altogether with increment of cutting speed and
decrement of feed rate of Al–(1–4) Fe–1V–1Si alloys in tried tested range.

2. It was suggested that Rapid speed, lower feed rate and lower depth of cut should
be recommended for better surface quality.

3. Surface quality are influenced greater by depth of cut when compared with the
other parameters like cutting speed and followed by the feed rate.

4. With increasing Fe percentages in Al–Fe–V–Si alloys (from 1 to 4%), surface
roughness increases in all the conditions.
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Impact of cutting speed on surface quality of Al-(1-4)Fe-1V-1Si alloys
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Fig. 6 Impact of cutting speed on surface roughness (Ra) and surface roughness (Rz) of Al–(1–
4)Fe–1V–1Si alloy

5. The chip thickness also affect the surface quality. As chip thickness increases,
surface quality adversely affected. Consequently, machinability unfavourably
influenced by chip thickness.
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Optimization and Characterization
of Low-Cost MR Fluids

Vivek Sharma, Kalidasan Rathinam, Gavendra Norkey, Swastik Pradhan,
Mukthiar Singh, and Mandeep Singh

1 Introduction

The MR liquids have a one of a kind property of controllable rheological attributes
with the utilization of attractive field [1].

The MR liquids will in general create stress of 27–48 kPa which can end up
being valuable for applications in dampers and brakes [2]. Iron particles jumbled to
get dispersion medium together with suitable additive like tetra methyl ammonium
hydroxide lead to the formation of magneto-rheological fluids [3]. When an external
magnetic field is carried out toMRfluid, the iron debris organizes along themagnetic
discipline lines to form strong chains and increases fluid resistance to float as proven
in Fig. 1 [4, 5]. This results in the development of a excessive yield stress that is
proportional to the strength of the magnetic field [6]. An experimental installation
including electromagnet that is able to producing an excessive magnetic field up to
two Tesla has been developed.

2 Design of Experimental Setup

A trial setup having an electromagnet with 1900 turns has been created. The Perspex
tube having an internal distance across of 15 mm is fixed between the shafts of
electromagnet by drawing these posts nearer with locking system. This cylinder
is loaded up with MR liquid and current is gradually expanded from 0.1 to 5 A
to increment attractive field. The various estimations of attractive field comparing
to include current are shown on the Gauss meter advanced yield screen, when its
lobby test is drenched inside the cylinder containing the MR fluid. The post width
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Fig. 1 Application of magnetic field to MR fluid particles

of the electromagnet is 75 mm. The length of Perspex tube utilized is 50 mm, and
its inward width and external measurement will be 15 and 18 mm individually. The
Perspex cylinder will be filled by MR liquid and will be put between the posts of
electromagnet. Upon charge, the liquid will change its rheological properties from
fluid to strong state and will be exceptionally solid. This on state energized liquid
will in general hinder the pole speed, and we will fix the pole speed to 10 rpm so
as to make thick impacts unimportant and to consider just yield pressure segment of
torque. This is additionally done to acquire the torque esteems on the grounds that
at high rpm the torque esteems will be immaterial. Presently, we acquire the three
parameters relating to supply current from 0.1 to 5 A: (a) magnetic flux thickness,
(b) torque esteems, and (c) RPM esteems. The opposing torque of the MR fluid on
the part which is in contact with the pivoting shaft can be determined as pursues:

T1 =
Rext∫

Rint

2π∫

0

τy r
2drdθ = 2πτy

R3
ext − R3

int

3

T2 =
Rext∫

0

2π∫

0

τy r Ldrdθ = 2πτy R
2
extL

Ttotal = T1 + T2 = 2πτy

(
R3
ext − R3

int

3
+ R2

extL

)

τy = Ttotal

2π
(

R3
ext−R3

int
3 + R2

extL
)

The shear stress can be computed considering the effect of applied torque, over
the two above-calculated surfaces.
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Table 1 Levels of various components for MR fluid formation

Volume % Levels

Iron 22 27 32

Silicon oil 67 72 77

Tetra methyl ammonium hydroxide 0.5 0.6 0.7

3 Method of Fluid Formation

Carbonyl iron particles (80% by weight) are mixed with tetra methyl ammonium
hydroxide (0.5% by volume) for 30 min at 400 rpm using a stirrer in a steel container.
Further, silicon oil was added (67% by volume) in this mixture, and the whole liquid
was stirred for around 3 h at 450 rpm using the stirrer inside the steel container. Table
1 shows the various levels fixed for various components of MR fluid formation.

4 Taguchi L-9 Orthogonal Array

Based on the various levels selected for L-9 orthogonal array as given in Table 2, a
following orthogonal array was designed using response variable as yield stress. The
yield stress was used as a rheological characteristic in the present research work.

Table 2 Orthogonal array for MR fluid formation

S. No. Factor 1 Factor 2 Factor 3 Factor 4 Response

Iron vol% Silicon oil vol% Oleic acid vol% Tetra methyl
vol%

Yield stress (kPa)

1 22 67 0.5 0.6 27.0388

2 22 72 0.6 0.7 24.786

3 22 77 0.7 0.8 27.021

4 27 67 0.6 0.8 34.321

5 27 72 0.7 0.6 33.32

6 27 77 0.5 0.7 35.465

7 32 67 0.7 0.7 45.684

8 32 72 0.5 0.8 47.7888

9 32 77 0.6 0.6 48.896
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5 Anova Results for Yield Stress

Based on the Taguchi L-9 orthogonal array, following results were calculated for
yield stress as a rheological characteristic as given in Table 3.

The model F-value of 97.93 implies that the model is significant. The “Pred.
R-Squared” of 0.9313 is in a reasonable agreement with the “Adj. R-Squared” of
0.9864, i.e., the difference is less than 0.2. Further, the optimized and actual values
are given in Tables 4, 5.

Table 3 ANOVA results for yield stress

Analysis of variance table [classical sum of squares—Type II]

Source Sum of squares DOF Mean square F-value p-value Prob. > F

Model 693.66 6 115.61 97.93 0.0101 Significant

Iron vol% 685.03 2 342.52 290.13 0.0034

Silicon oil vol% 5.58 2 2.79 2.36 0.2972

Oleic acid vol% 3.04 2 1.52 1.29 0.4371

Residue 2.36 2 1.18

Total 696.02 8

Table 4 R-squared results for ANOVA Table

Std. Dev. 1.09 R-squared 0.9966

Mean 36.04 Adj. R-squared 0.9864

C.V. % 3.02 Pred. R-squared 0.9313

Press 47.81 Adeq. precision 24.006

Table 5 Optimized and actual values for MR fluid

Run order Actual value Predicted value Residual Leverage

1 27.04 26.66 0.38 0.778

2 24.79 25.51 −0.72 0.778

3 27.02 26.68 0.34 0.778

4 34.32 33.98 0.34 0.778

5 33.32 32.94 0.38 0.778

6 35.47 36.19 −0.72 0.778

7 45.68 46.41 −0.72 0.778

8 47.79 47.45 0.34 0.778

9 48.90 48.51 0.38 0.778
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6 Regression Analysis

Further the regression analysis has also beendone in order to ascertain the relationship
between the yield shear stress and magnetic field using an equation

τy = 0.003B4− 0.076B3+ 0.411B2+ 3.724B− 4.322

7 Conclusions

From this research on review of MR fluids characteristics and formulation, it can be
seen that the yield stress of MR fluids depends mainly on the volume fraction of the
iron particles of thefluid. The stiffness and consistency ofMRfluid can be regained on
removal of magnetic field from solid-to-liquid state and vice versa occurs on removal
of applied magnetic field. With increase in the magnitude of applied magnetic field,
different iron particles get aligned to form chains along the lines of stronger magnetic
flux. This high value of yield stress can be used more effectively in formulation of
higher capacity MR dampers and brakes.
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A Simulation-Based Study
for Multi-response Optimization of FMS
Performance Measures Using Combined
Grey Relational and Principal
Component Analyses

Shafi Ahmad, Mohammed Ali, and Zahid A. Khan

1 Introduction

In the current scenario, manufacturing has become highly competitive, and therefore,
manufacturing firms are moving toward flexible manufacturing systems (FMS). The
performance of FMS system is mainly reliant on its machine layout. Using a proper
layout for machines, it has been reported that manufacturing costs can be reduced by
10–30% [1]. Further, FMS systems operate in an asynchronous manner which results
in substandard utilization of the machines and AGVs. Thus, proper scheduling of
AGVs and CNC machines affects the performance of FMS [2]. For analyzing and
designing of systems, simulation is awidely used toolwhich requires few simplifying
assumptions.However, it does not provide anymethod for optimization.Deng in 1982
proposed grey relational analysis (GRA) which is a convenient method for resolving
multi-response optimization problem [3]. In this method, all responses of a system
are given equal weights, but in real-life problems, the weights of the responses may
not be the same. Principal component analysis (PCA) is a method which can be
used to determine weights of the responses. A combined GRA-PCA method can
provide relatively better results as compared to only GRA method, and therefore,
researchers have used combined GRA-PCAmethod for multi-response optimization
[4, 5]. However, literature reveals a very few application of the combined GRA-PCA
in simulation-based studies for multi-response optimization of FMS performance
measures. Hence, a combined GRA-PCA method has been used in this work for
multi-response optimization of the FMS performance measures.
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2 Methodology

The step-by-step procedure used in this research work is as follows:

1. Design of experiments.
2. Development of simulation model using ARENA.
3. GRA-PCA Method.
4. Analysis of results.
5. Conclusion.

2.1 Design of Experiments

Taguchi method has been used extensively for experimental designs. Orthogonal
arrays given by Taguchi significantly decreases the number of experimental config-
urations to be performed, and it provides a best set of well-balanced experiments
[6]. Four input parameters of FMS viz. type of layout (A), velocity of the AGV (B),
number of AGVs (C), and sequencing rule (D) are used in this study. Types of layout
considered are Inline, Ladder, Loop, and OpenField. Velocity of AGV is taken as
10, 20, 30, and 40 m/min. Number of AGVs is 1, 3, 5, and 7, and sequencing rule
FCFS and HPT are considered. It has been found that L16 orthogonal array is the
best suitable orthogonal array for this study.

Flexible manufacturing systems are known for the faster delivery of products
withmaximumutilization ofmachines andmaterial handling systems.Hence, perfor-
mance measures considered in this work are make span time (MST), AGV utilization
(AU), and average machine utilization (AMU).

2.2 Development of Simulation Model Using ARENA
Simulation Software

A hypothetical case problem based on a real-time data of a factory is considered
[7]. ARENA simulation software which is a powerful tool for carrying simulation
experiments is used in this study. Five different parts are generated according the
inter arrival rate (i.e., expo (10) minutes). Figure 1 shows the logic module used in
this work.

Verification is the process of checking that themodel developed fulfills its intended
purpose or not. With the help of animation of the developed simulation model, verifi-
cation is done. If the real data is not available, explicit validation is impossible [8]. In
this study also, it was difficult to collect real data because of several constraints, and
therefore, explicit validation could not be done. The results obtained from simulation
model are used to calculate signal-to-noise ratio.
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Fig. 1 Logic module used in this work

2.3 GRA-PCA Method

Wehaveused combinedGRA-PCAmethod in this study.The steps used for combined
GRA-PCA method employed in this work are as follows:

Step1 Normalization of the data using Eq. 1.

u∗
i,k =

{
max(uk )−ui,k

max(uk )−min(uk )
, if characteristic is "lower-the-better"

ui,k−min(uk )
max(uk )−min(uk )

, if characteristic is "lower-the-better"

}
(1)

where ui,k represents the S/N ratio for the kth performance measure in ith
experiment.

Step 2 Determining grey relational coefficient using Eq. 2.

bi,k = �min + τ.�max

�i,k + τ.�max
(2)

where Δi,k is the deviation sequence, i.e., Δi,k = |max(ui*k) − ui*k |. τ is the
distinguishing coefficient which is set to be 0.5 in this study.

Step 3 Determining weights for response variables using PCA as follows:

(a) Develop variance covariance matrix V using Eq. 3.

V = [
bi, j

]
m×n (3)

(b) Develop correlation coefficient array using Eq. 4.

A j,l =
[
Cov

(
b j , bl

)
σb j ∗ σbl

]
(4)
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(c) Calculate Eigen vectors and Eigen values using Eq. 5.

(
A − λp Ip

)
Xip = 0 (5)

(d) The weighting value of the related performance measures is the squares
of its corresponding Eigen vector. Hence, weight for make span time is
0.51123, for AGV utilization it is 0.02372, and for machine utilization
0.46512.

Step 4 Calculate grey relational grade (GRG) using Eq. 6.

δi =
n∑

p=1

wpyi (p) (6)

where n denotes number of response variables and wp denotes weight of
the performance measures. Grey relational grade values thus obtained along
with the results obtained from simulation are given in Table 1.

Table 1 Experimental results and GRG values

Ex. No. A B C D MST (in min) AU AMU GRG

1 Inline 10 1 FIFO 19,369.162 0.9802 0.60528 0.6434

2 Inline 20 3 FIFO 18,492.73 0.4946 0.63638 0.8996

3 Inline 30 5 HPT 18,693.199 0.5761 0.62668 0.6168

4 Inline 40 7 HPT 18,669.124 0.6893 0.62854 0.6473

5 Ladder 10 3 HPT 18,761.252 0.5903 0.6256 0.5784

6 Ladder 20 1 HPT 18,925.212 0.7578 0.61952 0.4777

7 Ladder 30 7 FIFO 18,514.879 0.6892 0.63384 0.8215

8 Ladder 40 5 FIFO 18,421.758 0.5861 0.6372 0.9878

9 Loop 10 5 FIFO 18,453.742 0.6325 0.63464 0.8910

10 Loop 20 7 FIFO 18,463.421 0.7111 0.63482 0.8848

11 Loop 30 1 HPT 18,687.635 0.3232 0.62786 0.6445

12 Loop 40 3 HPT 18,647.891 0.3713 0.62944 0.6778

13 OpenField 10 7 HPT 18,678.285 0.7169 0.6275 0.6305

14 OpenField 20 5 HPT 18,616.661 0.5892 0.63 0.6940

15 OpenField 30 3 FIFO 18,442.937 0.4449 0.63702 0.9640

16 OpenField 40 1 FIFO 18,436.871 0.4086 0.6357 0.9377
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3 Analysis of Results

The S/N ratio corresponding to each GRG value is used to search the best input
parameter setting under various conditions. For every level of the input parameter,
the mean value of the S/N ratio is given in Table 2. From Table 2, it can be observed
that sequencing rule has the highest effect on grey relational grade (rank 1) followed
by number of AGVs (rank 2), velocity of AGVs (rank 3), and type of layout (rank
4).

Figure 2 shows the main effects plot for the S/N ratios of the GRG. It is found that
GRG value will be maximum at level 4 of type of layout (i.e., OpenField layout),
level 4 of AGV velocity (i.e., 40 m/min), level 3 of number of AGVs (i.e., 5), and
level 1 of sequencing rule (i.e., FCFS). Hence, the optimal parameter combination
for multi-response optimization is A4B4C3D1.

ANOVA is performed forGRGwith a significance level of 5%, and the results thus
obtained are given in Table 3. Table 3 shows that only sequencing rule significantly
affects the multi-performance characteristics (p-value ≤ 0.05).

Table 2 Response table for GRG

Input parameter Level 1 Level 2 Level 3 Level 4 � Rank

Type of layout −3.181 −3.247 −2.315 −2.014 1.233 4

AGV velocity −3.399 −2.893 −2.510 −1.955 1.443 3

Number of AGVs −3.655 −2.343 −2.120 −2.639 1.535 2

Sequencing rule −1.188 −4.190 1

Fig. 2 Main effect plot for S/N ratio for grey relational grade
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Table 3 Analysis of variance (ANOVA) for grade value

Source DOF SS MS F-value p-value

Type of layout 3 0.02904 0.00968 2.8 0.148

AGV velocity 3 0.03321 0.01107 3.2 0.121

Number of AGV 3 0.03463 0.01155 3.34 0.114

Sequencing rule 1 0.26594 0.26594 76.91 0.0001

Error 5 0.01729 0.00346

Total 15 0.38011

3.1 Confirmatory Test

The correctness of the obtained results is ensured by comparing the experimental
value of the GRG with that of its corresponding predicted value at optimal combina-
tion. The predicted value of the GRG at optimal input parameters setting is obtained
by using Eq. 7.

η0 = ηm +
j∑

i=1

(ηi − ηm) (7)

where j is the number of input parameters, ηm represents the mean value of the GRG,
and ηi represents the mean of the GRG corresponding to optimal input parameter
levels.

To calculate the experimental value of GRG, regression analysis has been
performed. Regression equation thus obtained for GRG considering a significance
level of 5% has been shown in Eq. 8.

Grade Value = −69.5 + 0.00158 ∗ A + 0.288 ∗ B + 64.5 ∗ C (8)

where A = make span time, B = AGV utilization, and C = average machine
utilization.

The predicted value of GRG at optimal combination using Eq. 7 is 0.79, and the
experimental value using Eq. 8 is 0.768. The two values are in close agreement, and
thus, it validates the optimal result obtained in this study.

4 Conclusion

This paper demonstrated the application of grey relational analyses combined
with principal component analyses for multi-response optimization of performance
measures of an FMS. ARENA simulation software is used to model the FMS and
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to extract values of three performance measures under the different levels of four
input/control parameters. The conclusions of the present study are summarized
below:

• Principal component analysis combined with grey relational analysis is simple,
effective, and efficient method for multiple response optimization problems.

• Within the range investigated, it has been found that input/control FMSparameters
with OpenField layout, 40 m/min AGV velocity, 5 AGVs, and first-come first-
served sequencing rule yield optimal performance measures of the FMS.

• Sequencing rule has the maximum percentage contribution (69.96%) followed by
number of AGVs (9.11%), AGV velocity (8.74%), and type of layout (7.64%)
toward multi-performance measures of the FMS.
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Investigational Assessment of Heat
Transfer and Pressure Drop in a Circular
Tube

Mohan Gupta, Kamal Sharma, and Kunwar Mausam

1 Introduction

1.1 Heat Exchangers

Heat exchanger is an important bit of the refrigeration and potential series that
empowers the trading of centrality beginning with one means then after onto the
join by rectitude of temperature discrete. In the brilliance exchanger, the tempera-
tures of all fluid variety as this go over the exchanger and from here time propelling
the temperature of the pulling back curtain among the fluids in particular manner
moves with the entire extent of the exchanger. This is consequently suggested to pass
the perfect degree of warmth conformity as lively as could sensibly be regular. The
inventors race to develop the capable and progressively minor warmth exchangers in
any event theory and functioning cost. Heat pass refinement orders are pulled back
into two sorts, the beginning is a operating system that it needs an outer potential
center point, and the second is a blocked off technique which not requires any sort
of external potential authority.

The pace of action of heat of the warmth exchangers is generally reliant on
the surge trimming of deportation plane and the liquid attributes identified with its
thermo-physicality. The procedure of heat move is hampered in light of the fact that
the languid layer of the outskirt appended to the divider gave convective obstruction.
To expand the action of heat, any procedure for advancing upheaval in the region
of the warmed divider would be gainful presumably for helping with controlling
the concurrent increment in frictional misfortunes for holding them under bearable
point of confinement. Consequently, it is in every case exemplary to utilize embeds
on the grounds that it is equipped for expanding the pace of heat move for recede
increment in frictional misfortunes. Diverse cylinder embeds have been analyzed
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with center around accomplishing improved thermo-water potentiated execution of
warmth exchangers.

In the investigation, Eiamsa-ard et al. [1] completed audition for assessing the
action of heat and nature of polish in a circuitous bower, i.e., added to complete-
length “TTs” escorted by mutate degrees of “6 and 8” and the margin degrees of “1,
2, and 3.” The assessment saying that utilizing the “TT” embeds in within housing of
a bifold channel, HE can broadly lift the pace of action of heat. The entirety examines
the rubbing factor of the housing at the same time increments with the use of “TT”
inserts. Heat pass and contact are uplifted by ideals of the turning advancement
occurring in perspective on the optional developments of the liquid.

A further assessment, Eiamsa-ard et al. [2] composed assessment for taking a
gander at the action of vitality and surge liquid information of the gleam trading
contraption that utilized a helical screw-strip built of hardened steel of 17 mm width
and the respire margin of housing layer “(D−W )/2= 4” mm. The strips are utilized
in the absence of or with center rod introduces in the bifold funnel. In the sparkle
exchanger, there are external and inward housing with partitions transversely more
than 50 and 25 mm by way of warm and cool waters surge as they were utilized
as appraisal liquids, and these liquids stay in tube and housing side, independently.
The “Re” connected from “2000 to 12,000.” The result of assessment portrayed
that the action of heat was superior for the empty fit with no center shaft rather
than a screw-shaped strip with center post. The sparkle trade rates were commonly
340 percentages more in spite of utilizing the screw-shaped strip with no center bar
embed rather than empty housing. Notwithstanding the manner in which that contact
diminished extensively for utilizing a helical screw-strip with an inner side insert,
the sparkle trade rates were 25–60 percentage high for the tape with no center strip.
In like manner, the effectiveness wound up being bifold for the helical screw-strip
with no center post.

In his further trial, Eiamsa-ard et al. [3] explored the effect of utilizing delta-
wingtip strips as augmentations in the round loads. For organizing the assessment, a
crabwise delta-wingtip “TT” and a horizontal delta-wingtip “TT” are utilized. The
delta-wingtip twisted strips utilized for assessment had three sagacity of wing slash
degrees 0.11, 0.21, and 0.31 and curve degrees “3, 4, and 5.” The “Re” span from
“3000 to 27,000.” On the basis of the founded outcomes, this is clear, by reducing
in twine degree and enlargement in the essentialness of wing cut degree; there is
expansion in the sparkle pass coefficient and scrub part. In addition, the slanted
delta-wingtip “TT” indicated increment in the sparkle pass coefficient get up apart
from horizontal delta-wingtip “TT.”

It is found by Eiamsa-ard et al. [4], the propensities beyond the twin counters and
co-turn twisted strips sway the pace of heat move. Principally, the twin counter new
shaped funnels were utilized as opposite-turn surge generators; anyway, the twin co-
wound strips contemplate the action of co-turn surge passing on inserts. The “CTs”
and “CoTs” introduce alongside four different bend degrees “y/w = 2.5, 3, 3.5, 4”
were utilized for organizing the assessment. The “Re” continued gushing from “3700
to 21,000.” What is more, the examination delineated that there is modification of
the shine pass coefficient and pounding changing with reducing in turn degree.
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Again Eiamsa-ard et al. [5] investigate the presentation of opposite clockwise and
exchange clockwise “TT” introduces “C–CC twisted tapes” contoured with a round-
about load and separated them and the introduction of an ordinary “TT.” The nine
“TT” inserts with three twist degrees 3, 4, and 5, and three breeze centers 30, 60, and
90 degrees were broke down with in assessment. The C–CC twine strips essentially
broadened the pace of action of heat and crushing then again with the normal twirled
strips under tantamount circumstances. Similarly, the starter information uncovered
that the gleam move coefficient of the “C–CC” tapes increments with decreasing in
the twirl degree and refinement of the curve tip.

1.2 Mechanism of Heat Transfer in Heat Exchanger

See Fig. 1.

1.3 Merits of Inserts in Round Tube

• As appeared differently in relation to the plain housing, the housing with adjunct
gets for up heat transformation standard to the detriment of extended weight fall.

• In lower regularity fluids, additional roughness is made by the utilization of
options.

• While the enhancements utilized in indirect housings, the distraction is induced
in the surge within the housing in view of which the point of confinement layer
surge is stimulated.

• The usage of different amounts of enhancements articulates colossal redesign in
the glow transformation recognized of the housing.

The genuine objectives of this analysis task are according to the accompanying:

• To accumulate the probing data identifying with heat move in an indirect housing
with one, twin, and four distorted strip installs.

• To discuss regarding glow pass and disintegration attribute of the examine pipe
along with different augmentations (Figs. 2, 3; Table 1).

2 Experimental Methodology

The appraisals are made by round weight comprises along with one and certain “TT”
implants beyond an enormous level of “Re” “4000 to 14,000” accompanied by the
water used as mixing mechanism of fluid to mean the searching detail, identifying
with themiracle pass rate andpressure fall [6].Appraisal is alsomadeonclear housing
to check the introduction of various “TT” presented housing. The liquid from the
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Fig. 1 Mechanism of heat transfer in heat exchanger [6]

Fig. 2 Examination setup

enduring head tank passed at a perfect surge rate obliged by the glove valve, whereas
the surge rate is surveyed by the rotameter. Occurrences to position the quality refine-
ment and fluid surge rate, the temperatures of the appraisal housing surface and the
fluid at passage and outward are notice. From the earliest starting point, arrange the
housing surface and leave fluid temperature, rough approximations are unbalanced
and approach to manage administer control undeviating higher traits with the time.
It is noticed that all thing considered following “30 min,” the temperature at each of
the section winds up liberated from the time that stands up concentrated on that the
pattern is developed the suffering state condition. Not long after the accomplishing
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Fig. 3 Tube inserts configuration [6]

Table. 1 Scale of “TT” guidelines

Twisted tapes ST CoTs CTs 4CoTs 4CTs

“Tape width” w 24 12 12 6 6

“Tape pitch” P 84,72, 60 42, 36, 30 Alike “CoTs” 21, 18, 15 Alike “4CTs”

“Twist ratio” “y = P/w” 2.50, 3, 3.50 Alike “ST” Alike “ST” Alike “ST” Alike “ST”

“Tape thickness” t 0.6 Alike “ST” Alike “ST” Alike “ST” Alike “ST”

Material Aluminum Al Al Al Al

(all in mm)
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the technique on identical state, the housing surface temperature at eight regions,
closure centers, and departed fluid temperature is noted.

3 Results and Discussion

3.1 “Outcome” of “Re”

The refinement in the guesstimate of “Nu” and disintegration part exhibiting the
assortment of the “Nu” overhaul extent and contact factor refinement extent escorted
by alteration in “Re” for (y) of 2.5. Redesigns in “Nu” and scouring component
move in the solicitation of one distorted strip insert, twin co-spin twirl strip implant,
twin opposite-whirl wound strip install, four co-spin bended tape additive, and four
opposite-spin tape implant.

The introduction of four opposite, spin wound strip “4CTs,” outflanks the
remainder of the arrangements paying little heed to the guesstimate of the “Re.”
The thermo-water controlled execution part had an irrelevant assortment regarding
surge “Re” for the entire instance. The assortments of “Nu” and disintegration part
concerning the “Re” for twist extent of 3 and 3.5 are as per the examples obtain if
there ought to be an event of the breeze extent equal to 2.5 beside that the effect of
“Re” on the “Nu” and scouring component is covered, and even the twist extent (y)
is extended.

3.2 “Outcome of Twist Ratio” “y”

Twain “Nu” and the grinding changing are extended accompanied by abatement in the
guesstimate of reshape extent offering slight appreciation to the guesstimate of “Re”
in every single case. It may be accredited to the manner in which that if water skims
outwardly of the twisted strip incidentally and the disconnected speed part starts an
emanating potential that reestablishes the point of confinement coating stream. By
the decline in the curve extent, the locale influenced by the spiral forces grows up
and accordingly propels the wild potential of the fluid adjacent to the divider.

3.3 “Outcome of Counter-Swirl and Co-Swirl Twisted Tapes”
“TTs”

The level of progress of the “Nu” and contact part if there ought to be an event of
four opposite-spin twirl strips outperforms the update made by the remainder of the
sorts of bended tapes at the distort extent of 2.5. On the off chance that there ought to
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emerge an event of co-spin perverted tapes, the unclear spins are made in the surge
field; however, opposite-whirl wound strips start spins toward the way reverse to
each other, along these lines forming all the all the more adjusting fluid streamlet
which rises the turn paces of the fluid within the housing. The opposite-spin surge
in like manner impels the discretionary surge due to which extremity of unsettling
affects extends that propel the fluid merging and thusly engages as far as possible
surface interior the exterior of the appraisal tube.

4 Conclusions

In perspective on the assessment given closures can be acquired:

• The “Nu” augmentations and crushing vacillating decays as “Re” increases for
each kind of bowed strips. The “Re” has increasingly essential effect on “Nu” and
disintegration factor regards even as amount of wound strip adjuncts is extended.

• The refinement degrees of “Nu” and rubbing part rot as “Re” enlarges in each
case. The “Nu” raised degrees exist within “1.13–1.2, 1.3–1.4, 1.6–1.7, 1.9–2.1,
and 2.3–2.4” for “ST,” “CoT,” “CT,” “4CoT,” and “4CT,” self-bouncy, and the
breeze degree is remain stays as 2.5. The thudding part refinement degrees are
acknowledged to be in the degree of “2.6–3.4, 3.1–4.1, 4.3–5.34, 5.2–6.18, and
6.5–6.9” for the beginning late cited arrangements of redesigns.

• The “Nu” and rubbing factor regard is extended by decreasing the bend extent ‘y’
of twine strips free of the alteration in “Re.”

• The counter-spin sort of twisted strip adjunct comes out higher heat move and
granulating interestingly with the co-whirl reshaped strip installs.

• The most outrageous guesstimate of the thermo-water-driven enactment part is
seen to be ‘1.26’ for a great deal of four opposite-spin bended channels with twirl
extent of ‘2.5.’
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A Comparative Analysis of Transmission
Efficiency of Polyamide 66 Spur Gears
Meshing with Similar and Dissimilar
Gear Material

Akant Kumar Singh, Prashant Kumar Singh, Siddhartha, and Sanjay Yadav

1 Introduction

In general, the thermoplastic materials which are most frequently used for the manu-
facturing of plastic gears are acetal and nylon. Polymer gear possess some significant
edges over the metal gears in terms of quieter operations, lower inertia, lower coeffi-
cient of friction, andmost importantly the lower cost. Due to these characteristics, the
plastic gears are now replacing the metal gears in plethora of industrial applications.
However, their applications are limited to low and medium load conditions only.
Utilization of the plastic gear enhances the efficiency of the mechanical systems due
an overall reduction in the weight of the system [1]. Nowadays, there are various
applications where plastic gears are used. Though, the study regarding TE of plastic
gears are not explored much so far. It has been observed by Walton et al. [2, 3] that
TE of polymer gears are very much influenced by load and speed. It is found that the
material of gears and their geometries also affect the TE of these gears.

Lots of work has been done on plastic gears in the last decade [4]. It has been
observed by Senthilvelan and Gnanamoorthy [5] that TE of carbon fiber-filled
polymer composite gear improved as compared to neat gear. It happens because
thermal peculiarity and gear tooth stiffness improved by reinforcing the fibers. It has
also been observed that addition of nano-clay fillers also improves the TE of plastic
gears [6]. Some researchers have used the compressed air at the mating surface to
improve the TE of plastic gears, and almost 2% of enhancement is achieved in TE [7].
The effect of tooth deformation and gear tooth wear rate on transmission efficiency is
investigated by Nagarajan and Rayudu [8]. Error in transmission due to the geometry
of polymer gear is studied by Luscher et al. [9]. It has been observed in the study
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of Mertens and Senthilvelan [10] that TE of polymer gears is enhanced by adding
carbon nanotubes in gearmaterial. They have done the experiment on nanotube-filled
polypropylene spur. Kodeeswaran et al. [11] have done the experimental as well as
numerical estimation of TE of polymer gears.

Reinforcement of fibers in polymer gear alters the performance of polymer gear
very much. It improves the performance of the polymer gears by reducing the wear
and temperature at the mating surfaces of polymer gear teeth [12–14]. Also, fiber-
filled polymer composite gears have improvedTE [2, 5].Addition of fibers in polymer
gears increases the damping characteristics of these gears which affect the transmis-
sion efficiency [15]. TE is also explored by the researchers for different materials
[16–18]. A novel FGM based polymer spur gear has been fabricated by Singh and
Siddhartha [19]. It has been observed that FGM based gears possess better TE in
comparison with conventional polymer gears. Transmission efficiency has observed
for various plastic gears fabricated with different materials. Maximum investiga-
tions are done for the polymer-to-metal gear pair. However, it has been found from
literature that transmission efficiency has not been explored much for polymer-to-
polymer gear pair. Therefore, the focus of this study is to investigate the TE of
polymer–polymer gear pair and compared with the polymer–steel gear pair.

2 Materials and Methodology

2.1 Gear Manufacturing

In this study, the plastic gears aremanufactured through injectionmolding technique.
These gears are fabricated using PA 66 material. A dryer is used for heating PA66
materials at 90 °C for 4 h to eliminate the moisture content. Injection pressure of 90
MP is used to fabricate gears. A pictorial view of a fabricated gear is presented in
Fig. 1.

2.2 Polymer Gear Test Rig

The testing of the gears is carried out by using a customized gear test rig. The testing
of the polymer gears is done with similar as well as with their steel counterparts.
Specifications of polymer and steel gears are same. Polymer test rig is manufactured
by Bangalore-based company DUCOM Instruments. A pictorial view of the test rig
is provided in Fig. 2. The torque is measured by torque sensors which are acting on
driver and driven gears. Accuracy of the torque sensor is ±0.2%. Temperature was
continuously measured with the help of an infrared sensor during experimentation.
Temperature sensor is just fitted above the contact surface of driver and driven gear



A Comparative Analysis of Transmission Efficiency … 293

Fig. 1 Fabricated PA66 spur gear

Fig. 2 Pictorial view of test rig

pairs. List count of the temperature sensor is 1 °C, and it can measure the gear tooth
surface temperature up to 130 °C.

2.3 Transmission Efficiency

Transmission efficiencies of similar and dissimilar gear pairs are examined. The
efficiency is computed with the help of Eq. 1 which is provided below. The loss
of power which might be occurring at couplings and bearings is neglected in this
computation.

TE = DGT1/DGT2 (1)
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DGT1 Driven gear torque.
DRT2 Driver gear torque.

3 Results and Discussions

3.1 Influence of Speed and Torque on TE of Polymer Gears

TE very much depends on the gear material of driver and driven gears pairs. Torque
and speed are very much affected by the polymer gears. Deviation in the TE and
surface temperature of polymer gear is shown in Fig. 3a, b. It is caused by the
torque at different speeds of 600 and 1200 rpm. It is observed in Fig. 3 that when
torque increases, it results in an increase in the temperature of gear tooth surface
and a reduction of TE. Polymer gear tooth flexibility affects the temperature of the
gear tooth very significantly. An increasing torque rises the temperature of gear tooth
surface which ultimately results in the deflection of gear teeth. This deflection causes
a reduction in the torque of the test gear that finally results in a reduced TE of the
test gears [3] which is observed after accomplishment of 1.2 million cycles.

TE of polymer–steel gears pair is higher as compared to polymer–polymer pair.
It occurs due to lower temperature of gear tooth surface in case of polymer–steel
gears pair. Polymer–polymer and polymer–steel gear pairs have high TE at 600 rpm
while decrement in TE is seen for both gear pair at 1200 rpm as shown in Fig. 3a,
b. This may happen because of the higher temperature of gear tooth surface at the
speed of 1200 rpm bases less TE for both gear pairs. The temperature at the surface
of polymer–steel gear pair is less because steel gear has higher thermal conductivity.
Whatever heat generated because of the meshing of the gear teeth surface of PA66
gear dissipates quickly. However, it does not happen for polymer–polymer gear pair.
Both are the polymer material having less thermal conductivity causes high surface
temperature. TE of polymer-to-polymer gear pairs and polymer-to-steel gear pairs is
reduced by 19% and 13%, respectively, at 600 rpm and 22% and 17%, respectively,
at 1200 rpm with an increase in the torque value from 0.8 Nm to 2 Nm.

TE of polymer-to-polymer gear pairs and polymer-to-steel gear pairs does not get
influenced much with the variation of speed, as witnessed in Fig. 4. Thus, it is clear
that TE of polymer-to-polymer gear pairs and polymer-to-steel gear pairs decreases
with upsurge in speed. Same results are also observed by Walton et al. [2, 3] for
various polymer materials used to manufacture gears. TE of polymer-to-polymer
and polymer-to-steel gear pair is high for 0.8 Nm torque as compared to 2 Nm torque
for each constant speed which is shown in Fig. 4. This may happen because of a
higher temperature at the surface of both gear pairs at the torque of 2 Nm. TE of
polymer-to-polymer gear pair and polymer-to-steel gear pair decreases marginally
from 4 to 8% when the speed rises from the speed of 600–1200 rpm.

At 0.8 Nm, polymer-to-steel gear pair have 9% higher TE as comparison to
polymer–polymer pair at the speed of 1200 rpm. However, at a constant torque of 2
Nm, polymer–steel gear pair have 13% higher TE as compared to polymer–polymer
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Fig. 3 a Transmission efficiency of gear pairs at speed of 600 rpm, b transmission efficiency of
gear pairs at speed of 1200 rpm

pair at the speed of 1200 rpm. Hence, it is concluded that the polymer–steel gear pair
performs better than the polymer–polymer gear pair.

4 Conclusions

Conclusions from this study are shown below:

1. TE is less influenced by speed rather than torque for both gear pairs. Transmission
efficiency is reducedby14%with increase in torque from0.8 to 2.6Nm.However,
it is reduced only by 2% with increase in speed from 600 to 1200 rpm.
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Fig. 4 a Transmission efficiency of gear pairs at 0.8 Nm torque, b transmission efficiency of gear
pairs at 2 Nm torque

2. Polymer-to-steel gear pair has higher TE as compared to polymer-to-polymer
gear pair. At 2 Nm torque, polymer-to-steel gear pair have 13% higher TE in
comparison with polymer-to-polymer gear pair at 1200 rpm.

3. Polymer-to-polymer gear pair has minimum transmission efficiency at the torque
of 2 Nm and the speed of 1200 rpm.
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Design, Analysis and Fabrication
of Semi-automatic Trash Masher

S. C. Sakthi Vigneshwaran and Chandran Arun Prakash

1 Introduction

In todays scenario, the amount of waste generated increases day by day. Starting
from agricultural by-products to e-waste, waste management plays an important role
to maintain an eco-friendly environment. Old waste management techniques such
as collecting the waste, dumping it or burning the wastes create negative impact on
the environment [1]. The waste-carrying trucks and the other waste management
processes have a higher risk of causing accidents [2, 3]. Further, the waste can also
cause infectious diseases in human beings and animals [4]. So, it is necessary to
recycle the waste and reuse it for some other purpose [5].

Today, most of the industries use thermocol or Plaster of Paris to insulate the
rooms. Better insulated buildings offer better energy economy. Also the industries
have significant temperature variation which is likely to cause discomfort to the
occupants. Therefore, insulation has become an integral part in industrial design.
Thermocol, the other name of polystyrene, is a polymer made from the monomer
styrene or phenylethene. The chemical properties of phenylethene are identical to
polyethene. It responds very slowly to bacterial decomposition in the soil, thus
making the soil infertile. In addition, it also releases sulphur dioxide on burning
which can cause respiratory ailments or even death when inhaled. Plaster of Paris is
generally regarded as a safe material for routine use, but it is considered dangerous if
worked with repeatedly. It can cause various health hazards such as inhalation prob-
lems and skin irritation. Hence, thermocol and Plaster of Paris are regarded harmful
both for the human body and the natural environment.

Therefore, it is necessary to go for an eco-friendly insulatingmaterials. Rice husk,
a by-product of rice industry, has various uses. In addition to protecting rice during
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Table 1 Chemical composition rice husk ash in weight percentage [10]

Elements SiO2 Al2O3 Fe2O3 CaO Mg O K2O Na2O P2O5

Percentage 93.4 0.05 0.06 0.31 0.35 0.14 0.1 0.8

the growing season, rice husks can be used as building material, fertilizer, insulation
material or fuel. Rice husk ash (RHA), rich in silica content [6], can be produced
from rice husk using appropriate combustion technique for use in buildings as a
replacement of thermocol for the purpose of false ceiling. For this very purpose, it is
necessary to design a machine which compresses the rice husk ash (RHA) material,
so that it takes the form of cardboard which can be then used as false ceiling for
insulating air-conditioned room. This paper discusses the design of such a machine.
Trash masher is a machine used to compress eco-friendly waste products like rice
husk ash into a finished cardboard-like form.

2 Rice Husk Ash

India is one among the largest rice-producing countries in the world. The major by-
product of the rice-processing industries is rice husk. Rice husk has been a promising
fuel over ages for processing the paddy or for producing energy through direct
combustion. Incineration of rice husk produces RHA. The chemical composition
of rice husk ash is given in Table 1. After removing cellulose and lignin from the rice
husk under controlled combustion conditions, amorphous silica is obtained which is
known as rice husk ash. Every year our country produces about 20 million tonnes of
RHA. But the disposal of RHA has been a greatest problem since it is a great threat
to the natural environment. Because of its excellent binding properties, it is used as
a cement replacement material in recent days for constructions of buildings [7–9].

3 Design of Trash Masher

The schematic diagram of the trash masher is shown in Fig. 1.
It consists of a bin into which the waste material such as rice husk ash is dumped.

The bin is closed using a top lid with suitable locking mechanism. The bottom plate
of the bin ismovable and the sidewalls are fixed. Themovable bottom plate is fixed to
a hydraulic cylinder. The hydraulic cylinder is controlled using a 4/3 lever-operated
direction control valve. 4/3 valve is chosen because three types of operations have
to be done by the cylinder. The operations are as follows:

Extension of the cylinder so that the plate moves up and compresses the waste to
make it into the slab.
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Fig. 1 Schematic diagram
of trash masher

Retraction of the cylinder so that the plate comes down after the operation is done
(i.e., after the slab is formed).
Idle position when the cylinder neither moves up nor down so that sufficient time
is given for compressing the waste.

The circuit design for the hydraulic circuit is done using the software Automation
studio and is shown in Fig. 2.

The material used for the fabrication of trash masher is mild steel. Mild steel
is chosen to withstand the high stress during compression. The mild steel sheet is
initially cut into four plates of size 45 cm height, 35 cm width and 0.4 cm thickness.
The plates are then welded along the edges by keeping adjacent plates at right angle
to each other. A square plate of dimensions 35 cm × 35 cm and thickness 0.4 cm is
used as the top lid of the trash masher. The lid is attached to the masher by means of
a clamp and a latch mechanism. This facilitates easy opening and closing of the lid.
A square slab of dimensions 33 cm × 33 × cm and thickness 0.4 cm is used as the
bottom moving plate. A cylinder of stroke length 450 mm is attached to the moving
base plate by welding technique. The CAD model of the design is shown in Fig. 3.

4 Design Calculations

4.1 Maximum Force Exerted by the Cylinder

The mixture of rice husk ash and the bee wax has to be compressed with an adequate
force so as to obtain a ceiling board of required dimension.Hence, themaximumforce
that can be exerted by the double-acting hydraulic setup is an important consideration.
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Fig. 2 Circuit design for
hydraulic components

Fig. 3 Sectioned view of the
trash masher

The chosen cylinder has a diameter of 4 cm and can exert a pressure of 40 kgf/(cm)2

Area(A) = πr2(where radius = 2 cm)

= π × (2)2

= 12.56 cm2

Pressure(P) = 40 kgf/cm2

Maximum force exerted = Pressure × Area

= 40 ∗ 12.56

= 502.4 kgf
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5 Maximum Force Withstand by Top Lid

During the forward stroke, the piston extends to compress the mixture in the bin. The
movable bottom plate presses itself against the top lid due to the force exerted by
the cylinder. The mixture which is placed between these two plates takes the form of
a slab due to this movement. But the probability of top lid failure is high, since the
entire force is transmitted to the top lid through the bottom plate. Hence, the material
of the top lid should be selected carefully so as to minimise the failure costs.

Since the top lid is supported at only one end using a hinged support, it can be
considered as a simply supported beam, where the component of force due to the
hydraulic cylinder acts at the center. Hence, the force acting on the top lid can be
calculated as follows

M/Y = σ/I

M = w/2 × L/2

= 8.75 × wNcm

M = 0.0875 × wNm

σ = 125MPa

Deflection Y = 0.46/2

= 0.23 cm

Moment of inertia I = (bt)3/2

= (35 × 0.46)3/12

= 0.2838 cm4(or)28.38 × 10−2cm4

= 28.38 × 10−10m4

Substituting the values, we get

(0.0875 × w)/(28.38 × 10)−10 = (125 × 10)6/0.0023

= 1762.73N (or) 1.762 kN(approx., 2 kN)

5.1 Maximum Induced Stress in the Slab

Force = 2000N

Area = 0.35 × 0.0036

= 1.26 × 10−3 m

Stress = Force/Area

= 2000/(1.26 × 10−3)
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Fig. 4 Stress analysis of the top plate

= 1.58730Mpa.

But the ultimate shear strength of the mild steel is 400 MPa. So, the chance of
failure of the top lid is very less. Hence, the design is safe.

5.2 ANSYS Modeling

Although the trash masher has five plates joined by welding joint, the probability of
failure is high for the top plate. This is because the force exerted by the cylinder acts
directly on the top lid through the moving plate, and hence, the chances of failure of
top plate are very high when compared to side walls. But for the functioning of the
trash masher, the top plate should be intact. Hence, ANSYS analysis of the top plate
is done to analyse the stress concentration in the top lid. The top plate is modeled
using the ANSYS software according to the dimensions shown in Fig. 4.

Mild steel is chosen as the material, and suitable mesh is chosen. The force
conditions to which the plate is subjected are given. From the figure, it could be seen
that the maximum stress induced in the top plate is around 5 MPa, and it occurs at
the centre of the plate. But the ultimate tensile strength of steel is around 400 MPa.
From the ANSYS analysis, it is found that the stress distribution is within the safe
range. Hence, the chance of top lid failure is minimum for the above design of the
trash masher.

Since the top lid is clamped at both the ends, theremight be a deflection or bending
of the plate at the centre portion. But from Fig. 4, it is clear that the stress at the centre
is very less for causing bending of the plate. Therefore, the above design is suitable
for the fabrication of the trash masher for efficient functioning.
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6 Conclusion

In order to minimise the environmental impacts caused by the conventional ceiling
boards and also to develop a safe disposal method for the RHA, harvesting its thermal
insulation property, a hydraulically actuated trash masher made up of mild steel plate
of thickness 4 mm was developed. For a mixture of 1.5 kg of RHA and 45 g of bee
wax, a board of dimension 33 cm × 33 cm is developed using the trash masher. The
board was dried in open sunlight for two days by swapping the sides to drive out the
moisture. This leaves behind a well-binded hard RHA board with micropores which
is then coated with an additional layer of varnish in order to prevent the boards from
being attacked by insects such as termites. Also, it is important to check the leaks in
the trash masher because the force exerted by the hydraulic cylinder causes the wet
mixture of RHA and bee wax to squeeze out through the gap between the moving
plate and side walls. Hence, an additional rubber lining was riveted around the edges
of the plate to support the mixture. Additionally, a leak test was performed to ensure
that no mixture gets out of the masher during the compression stroke. Also the RHA
boards show a good strength due to the excellent binding properties of the RHA
material and hence can be used as a substitute for plywood. Hence, in future, it has
a high probability of bringing revolutionary changes in the field of plywood because
the manufacture of plywood demands a massive deforestation which attributes to the
current climatic change problems.
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Optimization of Cryogenic Turning
Process Parameters Using Grey
Relational Analysis (GRA)
in Super-Duplex Stainless Steel (A479)

K. T. Akhil, Sanjivi Arul, and K. Shunmugesh

1 Introduction

Cryogenic turning process is a green manufacturing approach in which liquid
nitrogen (LN2) is sprayed at a temperature of –196 °C to the tool–workpiece inter-
face. Generally, almost all metal cutting industries use traditional cooling system to
overcome the temperature rise during machining operation. There are many prob-
lems associated with usage of conventional fluid cooling systems; it is hazardous to
health and its disposal causes environmental pollution [1, 2]. Cryogenic machining
is a green manufacturing approach to overcome all above problems. Super-duplex
stainless steel is extensively used in marine environment due to its mechanical prop-
erties and corrosion resistance. It is very difficult for machining because of the
microstructure obtained by alloying various elements [3, 4]. Mohan et al. concen-
trate his study on cryogenic heat treatment and its effect on the mechanical properties
[5]. This study results that mechanical properties can be improved by cryogenic heat
treatment and it can further improved by carburizing material before heat treatment.
This work analyses the improvement of mechanical properties in both shallow and
deep cryogenic treatment.Work is concentrated in steel material. ShanmugamMuru-
gappan et al. studied the relation between chip reduction coefficient and cryogenic
precooling in turning process [6]. Since the cutting fore and chip reduction coef-
ficient are interrelated, this study will help to reduce cutting force during turning
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process. Study reported that chip reduction coefficient can be reduced in turning
process by precooling. Dry ice can be used for precooling the turning environment.
They continued their study to determine the surface roughness after turning process
[7]. This study results that surface roughness can be improved after machining by
subzero temperature cooling. The quality of final product and cost of machining are
determined by machining efficiency [8]. The machining efficiency can be improved
by selecting optimum process parameters [9]. Optimum process parameters can be
selected by using various multiresponse optimization methods [10]. Grey relational
analysis is a multiobjective optimization technique used by various researchers for
getting the optimum process parameters to various metal cutting processes at diverse
environment. Tang et al. optimize the MRR and surface roughness value in electrical
discharge machining (EDM) by means of grey relational analysis. Aggarwal et al.
and Sivaiah et al. usedmultiobjective optimization technique for finding the optimum
cutting parameters for various cryogenic machining [11, 12].

2 Experimental Methods

Theworkpiece selected for the turning process is super-duplex stainless steel (A479),
and the cryogenic turning experiments were designed with Taguchi L27 orthog-
onal array with the aim of reducing experimental cost. The machining parameters
selected for these experiments are speed, feed and depth of cut with three levels
each, respectively. Table 1 shows the machining parameters and their levels used for
experiment.

The experimental study was conducted to enhance the performance of material
removal rate (MRR) and surface roughness (Ra andRz). Since the experiment contains
three process parameters with three levels, 27 numbers (n) of experiments with 26°
of freedom (n − 1) were conducted. Table 2 shows the design of experiment and its
results for studying the effect of response, MRR and surface roughness.

Themachined surface roughness values Ra andRzweremeasured usingMitutoyo
Subtonic tester SI20IP. Material removal rate (MRR) is measured using difference
in weight before and after machining (weight loss method) and the equation used is
given below.

MRR = WA −WB

TM

Table 1 Cryogenic
machining parameters

Factors Level 1 Level 2 Level 3

s (m/min) 80 160 240

f (mm/rev) 0.1 0.15 0.2

d (mm) 0.5 1 1.5
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Table 2 Experimental design and its results

Exp. No. v f d Ra Rz MRR

(m/min) (mm/rev) (mm) (µm) (µm) (g/min)

1 80 0.1 0.5 2.62 9.63 4.5

2 80 0.1 1 2.49 9.24 6.9

3 80 0.1 1.5 2.46 9.15 11.3

4 80 0.15 0.5 2.59 9.54 6.3

5 80 0.15 1 2.51 9.3 7.2

6 80 0.15 1.5 2.5 9.27 12.05

7 80 0.2 0.5 2.56 9.45 5.3

8 80 0.2 1 2.54 9.39 7.2

9 80 0.2 1.5 2.51 9.3 12.5

10 160 0.1 0.5 2.49 8.32 7.2

11 160 0.1 1 2.45 8.2 8.6

12 160 0.1 1.5 2.41 8.08 11.6

13 160 0.15 0.5 2.54 8.47 7.3

14 160 0.15 1 2.45 8.2 8.5

15 160 0.15 1.5 2.44 8.17 12.9

16 160 0.2 0.5 2.52 8.41 7.2

17 160 0.2 1 2.5 8.35 9.4

18 160 0.2 1.5 2.47 8.26 12.4

19 240 0.1 0.5 2.18 7.57 7.8

20 240 0.1 1 2.03 7.12 8.92

21 240 0.1 1.5 2.14 7.45 14.3

22 240 0.15 0.5 2.2 7.63 7.3

23 240 0.15 1 2.15 7.48 7.6

24 240 0.15 1.5 2.13 7.42 13.3

25 240 0.2 0.5 2.24 7.75 8.2

26 240 0.2 1 2.19 7.6 9.1

27 240 0.2 1.5 2.22 7.69 14.5

where

WA Workpiece weight before turning (g).
WB Workpiece weight after turning (g).
TM Total turning time (min).

The statistical analyses were completed using Minitab 16 software. The objec-
tives of the study were to maximize MRR and minimize the surface roughness
value. Experimental results were converted into signal-to-noise (S/N) ratio using
the Taguchi method.
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3 Results and Discussion

Taguchi-based grey relational analysis was used to optimize the machining param-
eters. Table 3 shows coefficient and grade of grey relation for all experiment. The
experiment 21 gives the optimized value which maximizes MRR and minimizes
surface roughness (Ra and Rz).

Table 4 shows the rank of the input parameters, and it indicates that speed and
depth of cut are the key parameters influencing the output response. The variation of
grey relational grade (GRG) with speed, feed and depth of cut was shown in Fig. 1.

Table 3 Grey relational coefficient and grey relational grade

Exp. run Grey relational coefficient Grey relational grade Rank

Ra Rz MRR

1 0.33333 0.33333 0.333333 0.333333333 27

2 0.39073 0.37185 0.396825 0.386468575 22

3 0.4069 0.38204 0.609756 0.466230741 17

4 0.34503 0.3415 0.378788 0.355104572 25

5 0.38065 0.36536 0.406504 0.384168616 23

6 0.38562 0.36858 0.671141 0.475112493 14

7 0.35758 0.35007 0.352113 0.353252723 26

8 0.36646 0.35603 0.406504 0.376330687 24

9 0.38065 0.36536 0.714286 0.4867625 13

10 0.39073 0.5112 0.406504 0.436144724 19

11 0.41259 0.53747 0.458716 0.469592081 15

12 0.43704 0.56659 0.632911 0.545513284 11

13 0.36646 0.48177 0.409836 0.419353843 21

14 0.41259 0.53747 0.454545 0.468202034 16

15 0.41844 0.54447 0.757576 0.573494674 9

16 0.3758 0.49312 0.406504 0.425141338 20

17 0.38562 0.50503 0.49505 0.4619002 18

18 0.40136 0.52401 0.704225 0.543198082 12

19 0.66292 0.73607 0.42735 0.608780719 7

20 1 1 0.47259 0.824196597 2

21 0.7284 0.7918 0.961538 0.827243877 1

22 0.63441 0.71105 0.409836 0.585097609 8

23 0.71084 0.77709 0.420168 0.636033741 5

24 0.74684 0.80707 0.806452 0.786787004 3

25 0.58416 0.66578 0.442478 0.564139595 10

26 0.64835 0.72334 0.480769 0.61748794 6

27 0.60825 0.68767 1 0.765306219 4
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Table 4 Response table for
grey relational grade

Level v (m/min) f (mm/rev) d (mm)

1 0.4019 0.5442 0.4534

2 0.4825 0.5204 0.5138

3 0.6906 0.5104 0.6077

Delta 0.2887 0.0338 0.1544

Rank 1 3 2

Fig. 1 Variation for GRG with machining parameters

GRG varies proportional to speed and depth of cut and inversely proportional to feed.

4 Conclusions

Taguchi-based grey relational analysis was successfully implemented to opti-
mize cryogenic turning process parameters in super-duplex stainless steel. This
machining experiment has led to the following conclusions. ANOVA analysis was
also conducted to find the significant input parameters influencing each output
response. The optimum process parameters of cryogenic turning process parame-
ters which minimize the surface roughness and maximize theMRR are cutting speed
240 m/min, feed rate at 0.1 mm/rev and depth of cut 1.5 mm among the selected
range of value for the study. Cutting speed is observed to be the most influencing
parameters for surface roughness. The most momentous factor which influences the
MRR is Depth of cut.
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Experimental Studies on Machining
of SiC Under Different Assisted
Electrode Conditions Using WEDM

Md Nadeem Alam, Arshad Noor Siddiquee, and Zahid A. Khan

1 Introduction

WEDM process is an advanced thermo-electric process in which the cutting tool is
a conductive wire used to perform machining operations. The tool and workpiece
are separated by a suitable dielectric fluid such as deionized water and kerosene oil
which also acts as a coolant and flushes rubbish and detritus from the machining
region. An electric spark is produced by maintaining a definite gap between tool and
workpiece, and this gap is known as a spark gap. A series of spark causes a sudden
rise in temperature of the workpiece up to approximately 10,000 °C due to which
melting and evaporation of material take place and thus the material is removed. The
schematic of the WEDM process is demonstrated in Fig. 1.

WEDM is a very effective process to machine hard materials up to 300 mm
thickness with high precision including machining of die steel punches, ceramic
tools and electronic components [1, 2]. WEDM is used for machining electrically
conductingmaterials but nowadays it is also being used formachining electrically low
conducting and non-conducting ceramics including silicon carbide (SiC), aluminium
oxide (Al2O3), zirconium oxide (ZrO2) and silicon nitride (Si2N4) by modifying
the WEDM method with assisted electrode (AE) technique or forming composite
of conductive and non-conductive materials [3–5]. For example, [6] successfully
performed machining of a composite of Si3N4 and TiN ceramics using silver AE and
in their study, and they explored the impact of clamping position, TON and TOFF on
MRR and Ra. Muttamara et al. [7] explored micromachining of Si3N4 by using the
AEmethod onEDM.Their aimwas tomachine a hole of 0.05mmby employing solid
and hollow tools of copper and copper–tungsten alloy, kerosene as dielectric fluid and
copper and TiN as an AE. From their results, they concluded that TiN-AE provided
by physical vapour deposition enhances machining properties. However, the vapour
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Fig. 1 Schematic of the WEDM process

deposition method is expensive and time-consuming, and hence, they developed
a colloidal graphite solution and used it as an AE which drastically enhanced the
machining properties and optimized the cost as well as time. According to Lal et al.
[8], removal of material from the workpiece surface is done by spark erosion process.
Higher value of current leads to produce high intensity spark that increases amount
of discharge energy among the spark gap. The enhanced discharge energy leads to
produce wider crater size, thus increasing KW and Ra. Pachaury et al. [9] examined
theWEDM technique formachining of electro-conductive composite ceramics either
byusingAEmethodor byproviding additional secondary impurities of thematerial to
enhance the conductive property of thematerialwhich leads to continuousmachining.
Moudood et al. [10] adopted Cu foil as an AE to generate initial spark between tool
and workpiece, and they used kerosene dielectric to create pyrolytic carbon layer
over the workpiece to continue the machining operation. According to their study,
the value of peak current ranged between 1.1 and 1.3 A is found as the compulsory
condition to perform machining operation.

This study explores the machining of low conductive SiC by employing WEDM.
The objective of the existing work is to scrutinize the influence of current on the
response variables such as KW and Ra under three different types of AE condi-
tions. During machining, TON and TOFF were retained constant at 40 µs and 4 µs,
respectively, and the current was varied to explore its effect on KW and Ra.
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Fig. 2 a SiC ceramic, b Al and Cu-AE

2 Experimental Set-up and Material Selection

In the present study, SiC ceramic of dimension 50 × 50 × 1.3 mm is selected
as a workpiece. Following AE conditions were adopted to perform the machining
operations: (i) without AE, (ii) Cu–AE and (iii) Al–AE, where Cu–AE and Al–AE
have a thickness of 1 mm. 0.18 mm diameter molybdenum wire is employed as a
cutting tool electrode to cut the workpiece up to 10 mm depth. Deionized water is
applied as a dielectric fluid to cool down the tool and to flush the debris from the
machining region. Figure 2a, b shows the selected workpiece and AE, respectively.

During the experimental investigation, three different conditions ofAE tomachine
low-conductive ceramic were taken. Three levels of the current value are chosen to
investigate various output responses including KW and Ra. The three values of the
current are chosen in such a way that the wire (tool) does not fail at these values.

3 Results and Discussion

3.1 Determination and Discussion of Kerf

Kerf demonstrates the machining of excessive part of the workpiece which is wasted
during the WEDM process. It can be observed by estimating the difference between
cutting width to wire diameter. Dimensional accuracy of the final product is signif-
icantly influenced by KW, and it is quantified in terms of µm. To measure KW, a
stereozoom microscope was used, and three values of KW for each cut were taken
with the help of the Image J software, and finally, the average value of KW was
calculated. The three values were taken from three different regions, i.e. the starting
side, intermediate portion and the end side. Figure 3 displays the images of the KW
taken from stereozoom microscope.

Table 1 and Fig. 4 display the relationship between the average value of KW and
the current for different AE conditions.

It can be understood from Table 1 and Fig. 4 that the KW increases with a rise
in the current for all three AE conditions. Further, Cu-AE produces larger crater in
WEDM by promoting the discharge between the electrode and work material. The
formation of large-sized crater during machining resulted in higher KW.
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Fig. 3 KW image taken
from stereozoom microscope

Table 1 Influence of current on KW for different AE conditions

Types of AE TON (µs) TOFF (µs) Current (A) KWavg (µm)

N-AE 40 4 2 251.00

4 257.33

6 263.66

Cu-AE 40 4 2 252.00

4 259.00

6 265.53

Al-AE 40 4 2 250.33

4 258.00

6 265.00
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Fig. 4 Graph plotted between KW and current

3.2 Determination and Discussion of Ra

Ra is a constituent of surface texture which is enumerated by the aberrations along
the normal vector of an actual surface as compared to its ideal or standard reference
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Table 2 Impact of current on Ra for different AE conditions

Types of AE Ton (µs) Toff (µs) Current (A) Ra (µm)

N-AE 40 4 2 2.932

4 2.952

6 3.222

Cu-AE 40 4 2 2.815

4 2.873

6 3.618

Al-AE 40 4 2 2.642

4 2.815

6 3.301
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Fig. 5 Deviation in the Ra with current

surface. When these aberrations are comparatively large, the surface is considered
as rough; but when these aberrations are comparatively small, the surface is rela-
tively smooth. For any manufactured product, Ra value is one of the most significant
response variables which demonstrates the quality of the product. Several functional
properties including surface friction, surface wear, the reflectivity of light, heat trans-
missibility, the capability to distribute lubricant uniformly, etc., depend on Ra value.
Table 2 and Fig. 5 display the impact of current on the Ra for different AE conditions.

It can be analysed in Table 2 and Fig. 5 that the value of Ra increases with a
rise in the current for all three AE conditions. Ra value depends on the amount of
power employed during discharge. The high value of the current leads to promote
the amount of spark generated which causes rough cutting.

4 Conclusion

WEDM of low conductive SiC using three different AE conditions, i.e. without AE,
Cu-AE andAl-AEusingmolybdenumwire of diameter 0.18mmas tool electrode has
been performed successfully. Among the three different AE conditions, maximum
KWis found forCu-AEat the highest current value.TheCu-AEproduces larger crater
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inWEDM by promoting the discharge between the electrode and work material. The
formation of large-sized crater during machining resulted in higher KW. Increasing
the number of discharges, higher amount of energy is delivered to the working gap,
which in turn, removes more material of the workpiece, thus leads to rough cutting.
However, Al-AE produces a smooth surface compared to the other twoAE conditions
at low current.
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Optimization of Drilling Parameters
of Glass Fiber-Reinforced Polymers
Using Grey Relational Analysis

K. Shunmugesh, K. R. Arun, Arun Raphel, and K. T. Akhil

1 Introduction

Glass fiber composite is becoming a popular raw material for industrial applications
such as the manufacturing of slurry and water tanks. Its high strength-to-weight
ratio and low water absorption rate make it a preferred material over the natural fiber
composite. The slight disadvantage being that glass-reinforced fibers are anisotropic.
This dissimilarity of properties in different directions makes its machining difficult
especially drilling. Paolo Priarone analyzed the effects of process parameters on
machining carbon fiber-reinforced polymers (CFRP) [1]. The results showed that
the tool feed has the strongest impact on the machining of CFRP, and therefore,
a low value of feed rate is preferred. Lukas Herberger et al. discussed the effect
of short amplitude drilling of CFRP [2]. This process is suitable for drilling holes
having diameter more than 50 mm. DeFu Liu et al. studied about the mechanical
drilling of composite laminates [3]. Hao et al. discussed the research of glass fibers
(GFs)with carbon nanotubes (CNTs) and graphene by using an electrophoretic depo-
sition (EPD) process. The incorporation of carbon-based nanomaterials made GFs
sensitive to temperature and strain [4, 5]. Neeli et al. [6] has analyzed the effect
of surface irregularity and delamination factor on the machining parameters. The
authors concluded that the fiber orientation angle was the significant aspect for the
decline of surface irregularity and delamination damage in drilling of GFRP.
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Table 1 Parameters and their level

Symbol Parameters Unit Level 1 Level 2 Level 3

N Cutting speed m/min 30 50 70

JF Feed rate mm/rev 0.04 0.08 0.12

Γ Point angle PA 90 118 140

Fig. 1 Image of drilled
GFRP composite

2 Experimental Setup and Optimization

The GFRP was manufactured by using simple hand layup method. The specimens
have a weight ratio of 60:40 with the chopped stranded mat having an average
thickness ranging from 0.8 to 0.9 mm. Seven layers of CSM were used to give a
thickness of 3.4 mm to the test specimen. Twenty seven holes were drilled in the
specimen to record the optimum machining parameters. The experiment for drilling
operation was carried out in Vayu BMV 51 T20 having an output power of 7.5 KW.
The point angles used were 90°, 118° and 140°. Table 1 shows the factors and their
levels used for the experiment.

The principal objective is to find out the optimum drilling process factors to obtain
minimum surface roughness, force and torque on the GFRP composite test spec-
imen. The ANOVA for surface irregularity, torque and force was done by using the
MINITAB17 software. Figure 1 represents the image of the drilledGFRP composite.

3 Results and Discussion

The investigation was done by varying like cutting speed, feed rate and point angle.
The recorded values of force, torque and surface roughness corresponding to varying
input factors are shown in Table 2. The result of the ANOVA for torque is presented
in Table 3. From the presented data, it is clear that the feed rate contributes 50.65%
toward the torque followed by the cutting speed (42.99%).The lowest affecting factor
is the point anglewith aminimal contribution of 4.2%.Themean effect plot for torque
is presented in Fig. 2.

The outcome of the ANOVA for force is displayed in Table 4. From the presented
data, it is flawless that the feed rate contributes 51.2% toward the torque followed
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Table 2 Experiment details

Exp. No. Input process parameters Responses

Cutting speed Feed rate Point angle Force Torque Surface roughness

m/min mm/rev degree N Nm µm

1 30 0.04 90 54.5 21.45 3.65

2 30 0.04 118 43.4 19.83 3.6

3 30 0.04 140 44.4 21.35 3.83

4 30 0.08 90 60.5 22.93 3.77

5 30 0.08 118 52 22.04 3.8

6 30 0.08 140 57.5 22.34 3.9

7 30 0.12 90 68.5 28.28 4.44

8 30 0.12 118 65.5 25.51 4.33

9 30 0.12 140 69.5 27.19 4.57

10 50 0.04 90 46.4 17.09 3.43

11 50 0.04 118 34.4 16.65 3.25

12 50 0.04 140 37.4 16.96 3.4

13 50 0.08 90 50.5 21.55 3.6

14 50 0.08 118 41.4 18.18 3.47

15 50 0.08 140 45.4 20.66 3.8

16 50 0.12 90 67.5 24.92 4.02

17 50 0.12 118 56.4 23.29 3.99

18 50 0.12 140 59 23.59 4.04

19 70 0.04 90 31.4 16.1 3.2

20 70 0.04 118 24.8 13.03 3.1

21 70 0.04 140 27.6 13.82 3.3

22 70 0.08 90 45.4 16.99 3.3

23 70 0.08 118 31.4 15.5 3.24

24 70 0.08 140 35.6 16 3.48

25 70 0.12 90 57.5 22.54 3.77

26 70 0.12 118 46.4 20.05 3.9

27 70 0.12 140 49.4 20.75 4.05

by the cutting speed (36.4%). The lowest affecting factor is the point angle with
a minimal contribution of 10.15%. The mean influence plot for force is shown in
Fig. 3 . The result of the ANOVA for surface roughness is shown in Table 5. From
the presented data, it is clear that the feed rate contributes 62.55% toward the surface
coarseness followed by the cutting speed (30.43%). The lowest affecting factor is the
point angle with a minimal contribution of 4.32%. The mean effect plot for surface
roughness is shown in Fig. 4. It is observed that the surface roughness which has a
variable effects with respect to the input factors.
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Table 3 ANOVA for torque

Source Degrees of
freedom (DF)

Sequential
sum of
squares (Seq
SS)

Adjusted sum
of squares
(Adj SS)

Adjusted
mean square
(Adj MS)

F value Probability
(P) (%)

N 2 175.195 175.195 87.597 209.69 42.99

JF 2 206.437 206.437 103.218 247.08 50.65

Γ 2 17.519 17.519 8.76 20.97 4.20

Error 20 8.355 8.355 0.418

Total 26 407.505

Fig. 2 Variation of torque

Table 4 ANOVA for force

Source Degrees of
freedom (DF)

Sequential
sum of
squares (Seq
SS)

Adjusted sum
of squares
(Adj SS)

Adjusted
mean square
(Adj MS)

F value Probability
(P) (%)

N 2 1533.94 1533.94 766.97 172.58 36.40

JF 2 2153.61 2153.61 1076.81 242.29 51.20

Γ 2 427.03 427.03 213.51 48.04 10.15

Error 20 88.88 88.88 4.44

Total 26 4203.46

3.1 Grey Relational Analysis

Grey relational analysis is a statistical analysis model, which makes use of various
models of Grey Systems Theory [7].



Optimization of Drilling Parameters … 323

Fig. 3 Variation of force

Table 5 ANOVA for surface roughness

Source Degrees of
freedom (DF)

Sequential
sum of
squares (Seq
SS)

Adjusted sum
of squares
(Adj SS)

Adjusted
mean square
(Adj MS)

F value Probability
(P) (%)

N 2 1.17816 1.17816 0.58908 107.17 30.43

JF 2 2.42389 2.42389 1.21194 220.49 62.55

Γ 2 0.16749 0.16749 0.08374 15.24 4.32

Error 20 0.10993 0.10993 0.0055

Total 26 3.87947

Fig. 4 Variation of surface
roughness

Table 6 Response of grade S. No. N JF Γ

1 0.441 0.692 0.523

2 0.544 0.57 0.608

3 0.69 0.414 0.545

Delta 0.25 0.28 0.09

Rank 2 1 3
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GRA was applied to the experimental investigation to filter out the optimum
drilling process parameter for the machining of the glass-reinforced fiber composite.
The principle stages of GRA involve normalization of the recorded data followed by
the preprocessing of the data. The weighted grey relational grade (WGRG) is derived
from the calculated GRA, and the grades serve as a clear measure of the effect of
the selected process factors on the surface irregularity, force and torque of the GFRP
composite. A higher value of WGRG indicates excellent output characteristics at
optimum levels of input process parameters. Table 6 shows the reaction for grey
relational grade. From the analysis of the experimental data using GRG, it was
learned though all the individual process factors significantly affect the output.

4 Conclusions

Drilling of GFRP composite having a thickness of 3.4 mm using three different point
angles ( 90, 118, 140) by varying feed rate (0.04, 0.08, 0.12 mm/rev) and cutting
speed ( 30, 50, 70 m/min) was conducted. It is noted that the surface roughness
was comparatively low at intermediate point angle (118°). Maximum thrust force
and torque were obtained at small cutting speed (30 m/min) and at higher tool rate
(0.12 mm/rev). Thrust force and torque value establish lower value at intermediate
point angle (118°).
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Highly Productive Solar Stills
for Efficient Water Utilization
in Agriculture

Apurv Yadav, Vineet Kumar Vashishtha, and Harsha Yadav

1 Introduction

Energy demand worldwide is increasing day by day and the major reason for it is
industrial expansion.Most of energy production technologies also require substantial
water intake. These technologies are also the cause of two of the world’s major
concern, i.e., pollution and water scarcity. To reduce pollution, several policies are
being implemented by various governments [1]. Adoption ofmore andmore solar- or
wind-based energy generation techniques is being considered [2]. Exploring various
biodiesels is also a major step toward reducing vehicular emission pollutants [3].
Non-conventional energy-based water purification steps are being used to try to solve
the problem of water scarcity. Scarcity of water also poses a problem for agriculture
growth. In an economy like India, where agriculture produces 42% of employment
and contributes to 14% of the country’s GDP, this poses a serious threat [4]. Apart
from water scarcity, agriculture also faces a threat from salt accumulation in soil due
to improper drainage. Shallow water table and salt accumulation in a region’s soil
drive down the agricultural productivity of that region [5]. There is a need to utilize
all possible recourse to retain all existing water resources and search for new sources.

Globally, nearly 66% of the water supplied for irrigation purposes is lost as run-
off or agriculture drainage water (ADW) [6]. Availability of ADW in abundance has
opened lots of doors for recovery of water [7]. Although the overall drainage volume
could be reduced by a conventional approach, the methods would not be sustainable.
Desalination of drainagewater is beneficial than other re-utilization approaches, such
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as irrigation of crops that tolerates salinity, as not only it recovers freshwater but also
isolates potentially harmful salts [8]. Also, the water utilization efficiency for the
irrigation increases [9]. The salinity-affected soils can be recovered, and the quality
of agricultural products increases [10]. The nature of ADW limits the application of
reverse osmosis due to high energy and chemical costs.

Also, recovery percentage or percentage reduction in drainage discharge volume
is limited due to fouling and scaling which can be defined as

R = FPR

SFR
(1)

where R is the recovery percentage, FPR is freshwater production rate, and SFR
is saltwater feed rate. This limitation requires additional measures which are more
energy-intensive. The overall environmental impact of reverse osmosis does notmake
it a feasible solution for desalination of ADW [11].

2 Solar Stills

Solar stills are found to be the most promising and economical method of treating
ADW among all solar desalination techniques. This desalination process uses the
sun as their energy source, which offers a feasible solution for the treatment of
ADW. Economical high-quality water is produced which can be used for irrigation
or even for drinking purposes. Solar distillation has long been regarded as an easy
to implement and economical way for the treatment of brackish water. Evaporation
of water requires an energy of about 2.3 MJ/kg. Although it is more strenuous than
reverse osmosis, it is advantageous that it does not need energy in terms of electrical
power but as heat; dense medium distillation can be also conducted and it is almost
no maintenance device.

In practical application, distillation by solar stills is much less expensive than
reverse osmosis. The basic working principle is the same for all types of solar stills.
A fundamental schematic of solar still is shown in Fig. 1. Solar radiation incidence
on the glass cover is transmitted through it and absorbed by the black inner surface,
specifically bottom, of the still. The water then gets heated and evaporates. Conden-
sation of the evaporated vapors takes places on the inner side of the glass cover
surface. From there, droplets trickle along the slope and get collected in a tray. Solar
still efficiency, E, can be expressed as a ratio of the amount of solar radiation utilized
for evaporation to the total amount of radiation incident on the still. The approximate
daily output (l/day) from solar still can be found by

Q = EGA

2.3
(2)



Highly Productive Solar Stills for Efficient Water Utilization … 327

Fig. 1 Single basin solar still printed with permission from Elsevier [12]

whereQ is the daily output,A is the aperture area of the solar still in m2, G denotes the
global solar irradiation in MJ/m2, and E denotes overall efficiency [13]. Although it
is a reliable and simple device, it has low productivity. Therefore, many researchers
have focused on limiting this drawback [14, 15].

3 Phase Change Materials Integrated Solar Stills

The most effective method of improving productivity was found out to be storing
of sun’s heat energy during the day and its release at night when there is no sun.
El-Sebaii et al. [16] examined the usage of phase change material (PCM) as energy-
absorbingmaterial on the performance of fundamental solar still. It was observed that
overnight productivity was significantly increased and a daily efficiency of 85.2%
was obtained. Radhawan [17] performed a similar experiment on stepped solar still.
The still temperature was found to be more uniform with PCM, and 57% of daily
efficiency was achieved. The system utilizing PCM was found to be more effective
in both cases, especially during the night. This happens as the temperature difference
between the glass cover and water increases, facilitating higher heat transfer rates.
Also, the PCM has accumulated a significant amount of heat during the day, as
opposed to heat dissipation to surroundings. As PCM solidifies, the stored heat is
released to the water for its evaporation and the still also works at night. However,
there are very few works which have used PCM in solar stills. Shalaby et al. [18]
reported that the utilization of paraffin PCM in solar still improves its yield by 12%.
Mousa and Gujarathi [19] achieved an increase of 49% in the solar still productivity
by the use of paraffin PCM. Chaichan and Kazem [20] added paraffin wax to a solar
still and experience 10.38% improvement in the daily yield output. PCM integration
in a solar still is shown in Fig. 2.
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Fig. 2 Solar still with PCM integration printed with permission from Elsevier [20]

4 Nanoparticle-Enhanced Phase Change Materials

Although PCM has a high density of energy storage, their poor thermal conductivity
limits their application due to poor heat release rate. Enhancement of thermophysical
properties of PCM by incorporation of nanoparticles may overcome this limitation
[21]. Nanoparticle addition improves the thermal conductivity and decreases the time
taken for the melting and solidification process in comparison to pristine PCM [22,
23]. Elango et al. [24] reported an improvement of 29.95% in the overall productivity
of a still by insertion of aluminum oxide nanoparticles in energy-absorbing PCM.
Sahota and Tiwari [25] reported a 12.2% increment in the productivity of a dual-slope
solar still by using aluminum oxide added PCM. Carbon-based nanoparticles have
been found more suitable as they have high thermal conductivity with the additional
advantage of low density [26]. Sharshir et al. [27] used film cooling and phase change
nanoparticles with flake graphite nanoparticles in a solar still and observed 73.8%
increment in the solar still productivity (see Fig. 3).
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Fig. 3 Increased productivity of solar still by nanoparticle-enhanced PCM printed with permission
from Elsevier [27]

5 Conclusion

This work discusses the modifications in solar stills which could provide freshwater
for irrigation purposes and to maintain the fertility of the soil with negligible cost
addition. In near future, potable supply of water in desert regions will be difficult
without the use of solar energy. However, establishing solar stills utilizing appro-
priate technology should be carefully considered to generate interest in the tech-
nology. To decrease freshwater cost, efficiency needs to be increased. Integration
of nanoparticle-enhanced PCM in solar stills has a huge potential to improve the
efficiency and the yield of the solar stills. ADW can be used as feed water for solar
stills, and produced excess freshwater can be reused again for irrigation purposes.
This will not only increase solar still effectiveness but provide for low salinity water
for agricultural purpose. Both water wastage and water scarcity problems could be
solved by simple and economical design aspects of the solar still. Soil salinity also
can be reduced by the utilization of the discussed approach. Further research on
the integration of some more techniques like evacuated tubes, solar collector, etc.,
is required to generate a more effective process and explore more applications of
solar stills for agricultural purposes. Also, research is required for the selection tech-
niques of appropriate combination of PCM and nanoparticles yielding maximum
productivity.
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Dimensional Stability Analysis of Teak
Sawdust and Polypropylene Composite

Anil Kumar Yadav and Rajeev Srivastava

1 Introduction

Wood plastic composites (WPCs) are the mixture of wood and plastics having a
ratio 50:50. WPCs are manufactured by using polymer and wood sawdust/fiber.
Polymer (virgin/recycled) used as matrix and wood fibers/sawdust is used as a rein-
forcing material. The WPCs are presently used in outdoor/indoor applications like
tiles railing door and door frame, etc. The properties of wood and plastics are entirely
different; woods are hydrophilic and plastics are hydrophobic in nature. This affects
the performance of composites. The properties of WPCs depends upon the bonding
of wood and plastic [1, 2]. Water absorption in the WPCs occurs at the interface of
wood and plastics. Water absorptions process in the WPCs occurs according to the
Ficks law of diffusions [3, 4]. The body of the WPCs becomes swell due to water
absorption, and other mechanical properties also affected by water absorption. The
effect of virginity and recycling of polymer on the mechanical and physical proper-
ties of WPCs have been studied, and it has been observed that recycled polypropy-
lene (RPP) matrix-based composite exhibits higher density, low porosity, low crys-
tallinity, and high-dimensional stability [5]. The WPCs are produced by RPP and
pine sawdust, RPP composites exhibit low water absorption and thickness of swell
than VPP composites, and incorporation of MAPP reduces the water uptake and
thickness of swell [6]. It has been reported in literature that reprocessing of polymer
produces additional functional group in the recycled polymer and increases the chain
length of the polymer. Reprocessing improves the mechanical properties and reduces
water absorption and thickness of the swell of the WPCs. [7]. Literature shows that
the composite produced by recycled polymer matrix possesses good strength and
low water absorption than composite produced by virgin polymer of similar grade.
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The addition of MAPP in the same formulation improves the mechanical and hygro-
scopic properties of the composites [8, 9]. Increase in the wood content reduces the
weight of the composites and affects the mechanical hygroscopic and rheological
of the composite. In the present work, dimensional stability of teak sawdust and
polypropylene composites has been assessed for their end applications.

2 Material and Method

2.1 Polymer

Virgin polypropylene is collected from a local dealer of Repole (a unit of Reliance
Petroleum India), and recycled polypropylene is collected from local recycler. The
granules are dried in air circulatory oven for 12 h at 65 °C to remove the moisture
content.

2.2 Wood Sawdust

Fresh teak wood sawdust is collected from a local sawmill. Sawdust is dried in an air
circulatory oven for 24 h at 110 °C to remove the moisture of it. Sawdust particles
of size 200–250 µm have been separated by the sieve separation method.

2.3 Coupling Agent

Coupling agent maleated polypropylene (MAPP) is used in the fabrication of
composite.

2.4 Composite Preparation

Virgin PP/recycled PP and wood particles were compounded by the twin-screw
extruder. The twin-screw extruder was PLC controlled and had four temperature
zone of 160 °C, 170 °C, 180 °C, 190 °C, respectively. The screws speed was 90
r.p.m. at barrel pressure 40 bar (Fig. 1a). The materials were compounded in the
batch of one kg for all formulations as given in Table 1. The compounded material
comes in the form of wire through a bathtub and cuts in the small granules by a
cutting machine as shown in Fig. 1b, c.
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Fig. 1 Manufacturing process of composite

Table 1 Composites formulation and coding

S. No. Composite code Wood sawdust
(%Weight)

Polypropylene
(%Weight)

Coupling agent
(%Weight)Virgin

polypropylene
Recycled
polypropylene

1 V1 R1 00 100 00

2 V2 R2 20 80 00

3 V3 R3 30 70 00

4 V4 R4 40 60 00

5 V5 R5 50 50 00

6 V6 R6 50 47 03

7 V7 R7 50 45 05

3 Experiments

3.1 Water Absorption Test

The water absorption test is conducted according to ASTMD570-98 [10]. The spec-
imens were heated in air circulatory oven for 24 h at 105 °C to remove the moisture
content and cooled in desiccators. The test specimens were placed in the container
of distilled water at a maintained temperature of 23 ± 1 °C for 24 h. The specimens
were wiped properly and weighted at an interval of 2 h and 24 h with the accuracy
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of 0.001 gm. The water absorption has been recorded using the following equation-

W A(%) = W f −Wi

Wi
× 100 (1)

where Wi and W f are the initial and final weight of the specimen after immersion in
the water.

3.2 Thickness of Swell Examination

Thickness swelling of the composite is measured with a micrometer having the least
count of 0.01 mm. The thickness swell (TS) of the specimen was measured by using
the following equation-

T S(%) = δ f − δi

δi
× 100 (2)

where δi and δ f are the initial and final thickness of the specimen after immersion
in the water.

3.3 Microstructure Examination

The microstructure of the composite is examined at 500X and 300X.

4 Result and Discussion

4.1 Water Absorption Test

The interfacial adhesion of wood and polymer is poor so water absorption takes
place at the interface of wood and plastic. Adhesion between wood and polymers
is poor due to hydrogen bonding. The poor adhesion wood and the polymer are
responsible for water uptake, and water absorption occurs at the interface of wood
and plastic. Water absorption tests of 2 h and 24 h for all formulations are conducted
and plotted in Figs. 2 and 3. The water absorption percentage is calculated by using
Eq. (1). The water absorbed by VPP and RPP polymer is 0.03% and 0.02% in 2 h,
similarly 0.06% and 0.05% for 24 h during this experiment. The water absorption
of VPP and RPP matrix composite varies from 0.09 to 1.65% and 0.08 to 1.46%,
respectively. Similarly, water uptake by VPP and RPP matrix-based composite for
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Fig. 2 Water absorption test for 2 h
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Fig. 3 Water absorption test for 24 h

24 h period varies from 0.28 to 5.17% and 0.25 to 4.68%, respectively. Water uptake
increaseswith the increase ofwood content in the composites,VPPwith 50%ofwood
sawdust (V5) and RPP with 50% wood sawdust show maximum water absorption.
The composites of RPP show low water absorption than VPP composite at the same
level of wood sawdust loading. Incorporation of 3% and 5% ofMAPP in the polymer
matrix reduces the water uptake in both types of the composite as shown in V6 and
R6 and V7 and R7.
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4.2 Thickness of Swell Test

Thicknesses of swell (TS) of all formulations are given calculated by using Eq. (2)
and plotted in Fig. 4(for 2 h) and Fig. 5(24 h), respectively. TS of the composite
follows the trend of WA and shows TS is initially high. Thickness swelling of the
composites rises with the increase of wood content in the composite. The results
show that 50%wt wood sawdust and VPP matrix composite (V5) show a maximum
thickness of swelling.

This is due to the higher water uptake by the composite. TS in 2 h of the RPP and
VPP matrix composite varies from 0.06 to 1.35% and 0.05% to 1.48%, respectively
(Fig. 4). Similarly, in 24 h test, TS for RPP and VPP matrix composite varies from
0.21% to 4.35% and 0.24% to 4.94%, respectively (Fig. 5). TS of the RPP matrix
composite (R5) is lower than VPP matrix composite (V5) at the same wood level of
wood content.

TSofRPPmatrix (R6) andVPPmatrix composite (V6) reduceswith incorporation
of 3% of MAPP as shown in Fig. 5. TS of RPP and VPP matrix composite reduces
from 1.35% (R5) to 0.61% (R6) and 1.48% (V5) to 0.68% (V6) for 2 h test and
decreases from 4.35% (R5) to 1.13% (R6) and 4.94% (V5)to 1.45% (V6) for 24 h
test. TS reduces from 1.35%(R5) to 0.57% (R7) and 1.48 (V5) to 0.62% (V7) for 2 h
and 4.35% (R5) to 1.05% (R7) and 4.94% (V5) to1.21% (V7) for 24 h test.
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Fig. 4 Thickness of swell test for 2 h
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Fig. 5 Thickness of swell in 24 h

4.3 Microstructure Characterization

The microstructure of specimens is examined at 500X and 300 X magnifications.
Scan 6(a) of R5 shows that wood particles are not properly encapsulated by the
polymer, and poor encapsulation is responsible for higher water uptake in the
composite.

Voids are present in the scans, which were formed due to the pulling of wood
particles, and light flairs show the flaw of the polymer composite. The presence of a
cluster and small gaps in the image confirms the inept adhesion of wood and polymer.
This poor adhesion of wood and polymer exhibits poor mechanical, rheological, and
hygroscopic properties.

The wood particles are comparatively fine mixed with the polymer in scan Fig. 6b
R7which is due to polymer ratio increase. The dispersionwood particle becomes fine
as the polymer ratio increases in the composite. Coupling MAPP agent increases the
interfacial bonding between wood and polymer, which reduces the water absorption
of the composite Fig. 6b. The proper interfacial adhesion improves the mechanical
strength of the composite and reduces water uptake (Fig. 7).

5 Conclusion

The composite having 20% wt wood sawdust shows the properties similar to
polypropylene as the wood content increases the composite properties tends toward
wood properties. The composites V5 and R5 absorb maximum water due to 50%
wt wood content in their matrix. The water absorption by the composite is depen-
dent upon the interfacial adhesion of wood particles and polymer matrix. SEM scans
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Fig. 6 SEM scan of R7

Fig. 7 SEM scan of R7

confirm that the encapsulation of wood particles becomes poor as wood content
increases in the matrix. The coupling agent MAPP increases the bonding strength
of wood and polymer which reduces the water uptake of the composites. The results
show that the composite having maximum wood content (50%wt) in the presence
of 3 and 5% wt MAPP has low water absorption. The composite R7 (50%wt wood
content and 5%wt MAPP) shows minimum water absorption and maximum dimen-
sional stability. Composite R7 is lighter in weight and possesses good dimensional
stability which is useful in outdoor as well as indoor applications.
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Parametric Optimization in the Laser
Cutting of Titanium Alloy Sheet
(Grade-II)

Tarun Singh and Arun Kumar Pandey

1 Introduction

Titanium and its alloys are highly demanded due to their advance properties like
high strength-to-weight ratio, high resistance to corrosion, high resistance to fatigue,
and high stiffness and capacity to bear high temperatures without any creep. These
materials have low thermal conductivity, high reaction capability, and low elastic
modulus. It is not easy to cut these alloys properly by using traditional machining
methods due to such properties [1]. The dissipation of heat generated during the
machining may be accumulated at a point because of very low thermal conductivity
of these materials which results in melting of tool tip. There is also a chemical
reaction that takes place between the tool and titanium alloy at elevated temperature,
due to which tool is dissolved and hence reduces the tool life [1].

Machining by the laser beam is a unconventional machining process and uses
the thermal energy for machining. The cutting of difficult-to-cut and latest devel-
oped materials for specific purposes materials such as superalloys, hardened steel,
composites and ceramics is done by using laser beam. LBM is being employed for
bothmacro- andmicromachining [2]. Thematerial removalmechanism inmachining
by laser beam has the stages as melting, vaporization, and degradation by chemical
reaction. The assisted gas with high pressure is utilized to remove themeltedmaterial
from machining area. The variation of operations and hybridization in laser beam
machining are also possible [3, 4].

As discussed earlier, Nd: YAG laser is a solid laser which uses optically pumped
excitation energy. It has 1.06 μm of wavelength and low average power in CWmode
but it gives high peak power in pulsating mode that is responsible for small HAZ and
small KW (kerf width). CO2 laser is gas laser that uses electrical pumping source and
has working wavelength 10.6 μm, and it has high average beam power [5]. The air is
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most commonly used as assisted gas due to low cost and easily availability. But HAZ
by using air as assist gas gives more as compared to that of N2 and Ar as assisted
gasses [6]. In previous studies, Pandey and Dubey have found that the oxygen can
give the satisfactory results by reducing the kerf deviation at top as well as bottom
[7]. There is a need for several parameters to do the process successful. Optimization
of the process parameters is done by using the proper optimization methodology [8].

The geometrical accuracy in laser cutting of material depends mainly upon the
kerf qualities of cut sections. The deviation in length of cut shows its importance
in the materials those are very difficult to cut by laser. The kerf taper always exists
in cut specimens due to the inherent characteristics of beam profile [9]. Ghany and
Newishy studied the laser cutting of austenitic stainless steel sheet and observed that
upon increasing the frequency and cutting speed the decrease in the kerf width was
observed while increase in kerf width was observed with enhancing the power and
pressure of gas [10]. The cut quality study on 4130 steel by N. Rajaram et al. taking
CO2 laser system has performed and found the major effect of power and moderate
effect of feed rate on kerf width [11].

A study conducted by Mondal et al. on Al7075 sheet of 2 mm thickness in laser
micromachining found that the kerf width (KW) and other qualities such as HAZ
and SR are increased with laser power and frequency while decreased with scanning
speed [12]. G. Thawari et al. presented a specifically cutting parametric regime for
pulsed laser cutting of Hastelloy X sheet having the thickness of 1 mm. It has been
found that upon increasing the pulse energy, the spot overlap decreases and also
found that width of kerf increases upon increasing the overlaps of spot [13].

Many authors have used the Taguchi methodology to improve the cut quali-
ties of laser cut material in the different operating environment and they observed
an improvement on different quality characteristics [14, 15]. Mathew et al. have
analyzed the cutting by laser beam of 2 mm thick (CFRP) sheet and cut success-
fully performed [16].. Biswas, et al. have investigated the laser microdrilling for
gamma titanium aluminide (Ti–44.5%, Al–2%, Cr–2) [17]. Saini et al. used zirconia-
toughened alumina (ZTA) for studying the effects of process parameters on hole
quality characteristics [18]. Kotadiya and Pandya have applied the RSMandANOVA
to effectively analyze the cutting variables andfind out the optimumvalues for surface
roughness [19]. Almeida et al. perform the factorial design (FD) approach during
Nd: YAG laser cutting of titanium alloy grade-V and pure titanium to determine the
effects on surface roughness and dross formation by pulse energy, overlapping rate,
and gas pressure [20]. Shrivastava and Pandey have applied a genetic algorithm and
multiple regression analysis to predict the optimum parameters of minimum width
of kerf and minimum deviation of kerf in the cutting of Ti–6Al–4V sheet by using
laser beam of solid state laser [21].

There is very less work that has been found on cutting by using the beam of solid-
state laser of the Ti-alloy (grade-II) for optimizing the quality characteristics. So, it
is decided to take this advanced material for the experimental study by using solid-
state laser. For the conduction of experiments and optimization, it is decided to apply
(TM) Taguchi methodology with L27 OA. The multiple order models are developed
by using the data of the experiments. The settings of parameters for minimum width
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of kerf and deviation of kerf have been found by using TM. The confirmation tests
have been conducted for the confirmation of the results found at parameters setting
obtained by TM. The confirmation results have been found very near to the results
found at optimum setting and also these results follow almost the same trend as
predicted.

2 Methodology and Parameters Design

2.1 Experimental Design

Taguchi methodology is a technique for designing the robustness to improve the
manufacturing productivity by reducing experiments required [22]. The designed
matrixes for experimentation generally known as orthogonal array (OA) are based on
process parameters and levels tabulated in Taguchi method [23]. In Taguchi method-
ology, the signal-to-noise (S/N) ratio (ὴ) represents the quality loss for the observed
data. The word ‘signal’ is representing the value of desireness and word ‘noise’ is
representing the undesirable values, and scatter around the desired values is expressed
by ratio of these two. The signal-to-noise ratio for smaller the better type is computed
by using following equation;

(1)

where MD is mean square deviation from desired values.

2.2 Experimental Work Planning

In this research work, parametric optimization in cutting by laser beam using solid
state laser of 1.5 mm thick titanium alloy grade-II sheet which having chemical
composition (weight percentage of nitrogen-0.015, carbon-0.022, oxygen-0.101,
hydrogen-0.001, iron-0.118, and titanium-99.39) has been done. Since the aim is
to optimize overall output of production, the air is used as the assist gas, which is
easily available at very less cost after processing. The specifications of the machine
are as 250 W average power, 240 A constant current, CNC (X–Y ) travel operating
mechanism with lead screw, assist gas-compressed air, 600 μm nozzle spot diam-
eter, 1.5 mm nozzle tip distance, 40 mm focal length of focusing and collimation
lances, sheet metal dimension of 200 × 1000 × 1.5 (mm), and optical measuring
microscope 4X-zoom (Leica SAPO). The process parameters and their levels have
been selected based on the results of pilot experiments, importance, and machine
capability. The process parameters and their levels are given in Table 1. By using the
values of different process parameters shown in Table 1, the through cuts of 20 mm
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Table 1 Control factors and their levels used in the experiment

Symbol Factors Units Level 1 Level 2 Level 3

A Assisted gas pressure Kg/cm2 5.0 7.0 9.0

B Pulse width ms 2.0 3.0 4.0

C Pulse frequency Hz 12 14 16

D Cutting speed mm/min 10 20 30

0
0.1
0.2
0.3
0.4
0.5

1 3 5 7 9 11 13 15 17 19 21 23 25 27

BKW

BKD

Fig. 1 Experimental values of quality characteristics

in a straight line are cut. The widths of kerf are measured at many places on the
bottom side and then take mathematical average. Kerf deviation (KD) is measured
by taking difference between the maximum and minimum values of kerf widths at
bottom. The observed values of width of kerf (KW) and deviation of kerf (KD) at
bottom side are shown by graph in Fig. 1.

3 Second-Order Regression Models

3.1 Modeling

The second-order regression models for responses BKW and BKD are developed
by regression analysis using MINITAB software. The interactions between different
control factors are taken into consideration to know the effect on responses. The
uncoded units (actual experimental values) are taken for regression analysis. The
final developed models are shown as below;

BKW = − 0.118 + 0.0197Y1 + 0.0516Y2 + 0.0291Y3 + 0.00942 Y4 + 0.000281Y 2
1

− 0.00269Y 2
2 − 0.000224Y 2

3 − 0.000080Y 2
4 + 0.00014 Y1 ∗ Y2 − 0.00032 Y2 ∗ Y3

− 0.000262 Y3 ∗ Y4 + 0.000025Y1 ∗ Y4 − 0.00196Y1 ∗ Y3 − 0.000592 Y2 ∗ Y4 (2)

S = 0.00911578R − Sq = 92.5%R − Sq(ad j) = 83.9%
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Table 2 ANOVA results

Source DF SS MS F-value P-value

BKW

Regression 14 0.01238185 0.00088442 10.64 0.000

Residual error 12 0.00099717 0.00008310

Total 26 0.01337902

BKD

Regression 14 0.0170861 0.0012204 11.29 0.000

Residual error 12 0.0012975 0.0001081

Total 26 0.0183836

DF degree of freedom, SS sum of squares, and MS mean of squares

BKD = 0.916 − 0.0269 Y1 − 0.0187 Y2 − 0.0725 Y3 − 0.0222 Y4

− 0.00018Y 2
1 + 0.00848Y 2

2 + 0.00204Y 2
3 + 0.000210Y 2

4

− 0.00385 Y1 ∗ Y2 − 0.00287 Y2 ∗ Y3 + 0.000347 Y3 ∗ Y4 + 0.000808 Y1 ∗ Y4
+ 0.00225 Y1 ∗ Y3 + 0.00140 Y2 ∗ Y4 (3)

S = 0.0103982R − Sq = 92.9%R − Sq(adj) = 84.7%

where Y 1, Y 2, Y 3 and Y 4 are pressure of assist gas, width of the pulse, frequency of
the pulse, and speed of the cutting, respectively.

3.2 Adequacy of the Developed Models

The S-values, R2-values, and adjusted R2-values have been calculated for models
of BKW and BKD to check well fitting of predicted data using regression models.
The coefficients of correlation (R-values) for BKW and BKD are found 0.962 and
0.964, respectively, which are found in the range that will be accepted. The data
predicted by regression models are adequate. The adequacy may also be checked
by conducting ANOVA analysis. The results found by this analysis are shown in
Table 2. The p-values of all regression models are less than 0.01, i.e., the developed
regression models are significant and adequate for all the responses [8].

4 Parametric Optimization

The prediction of optimum parameters for single quality has been analyzed by using
the Taguchi methodology (TM). The mean values of S/N ratio for bottom kerf width
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Table 3 Response table for bottom kerf width (BKW)

Level A B C D

1 8.499 9.007* 8.695* 8.842*

2 8.670 8.674 8.685 8.636

3 8.797* 8.285 8.586 8.488

Delta 0.298 0.722 0.108 0.354

Rank 3 1 4 2

Table 4 Response table for bottom kerf deviation (BKD)

Level A B C D

1 21.24* 19.42 19.53 19.90

2 20.21 20.19 20.65* 20.93*

3 18.71 20.54* 19.97 19.32

Delta 2.53 1.11 1.12 1.60

Rank 1 4 3 2

Vs the process parameters are shown in response Table 3, and all mean values of S/N
ratios for bottom kerf deviation versus process parameters are shown in response
Table 4.

From the observations, it can be concluded by (TM) that the highest value of S/N
ratio for respective process parameters represents the optimum parametric condition.
The rank is estimated by delta which shows the sequence of contribution of control
factors to achieve optimized quality levels. Thus, from Table 3, the optimum para-
metric condition for bottom kerf width (BKW) is A3B1C1D1 that is gas pressure of
9 (Kg/cm2), width of pulse 2 (ms), frequency of pulse 12 (Hz), and speed of cutting
10 (mm/min). From Table 4, it is clear that the optimum parametric levels for bottom
kerf deviation (BKD) areA1B3C2D2 that is assisted gas pressure of 5 (Kg/cm2), pulse
width of 4 (ms), pulse frequency of 14 (Hz), and cutting speed of 20 (mm/min).

5 Confirmation Experiments

To check the adequacy of predicted results and improvement at optimized parameters
levels, an experimental test is done which is given in Table 5. The results of confir-
mation experiments show that the width of kerf and deviation of kerf both reduce at
optimum parameters setting, i.e., an improvement on both characteristics has been
observed at optimum setting as shown in Figs. 2 and Fig. 3.
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Table 5 Confirmation experiments for quality characteristics

Initial cutting parameter Optimum parameters for laser
cutting

Setting for minimum value

Prediction Experiment

(BKW)

Level A3B1C2D1 A3B1C1D1 A3B1C1D1

Bottom kerf width (mm) 0.3408 0.33983 0.33693

S/N ratio (dB) 9.3500 9.37472 9.44920

Predicted error of S/N ratio (dB) 0.07448

(BKD)

Level A1B2C1D2 A1B3C2D2 A1B3C2D2

Bottom kerf deviation (mm) 0.0740 0.06918 0.06871

S/N ratio (dB) 22.6154 23.20030 23.25960

Predicted error of S/N ratio (dB) 0.05930

Fig. 2 Optical images of laser cut bottom kerf width at a initial parameters setting having average
width of 0.3408 mm and b optimal experimental parameter setting having average width of
0.33693 mm

Fig. 3 Optical images of laser cut bottom kerf deviation at a initial parameters setting having
mean deviation of 0.0740 mm b optimal experimental parameter setting having mean deviation of
0.06871 mm
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6 Conclusions

An experimental study on the cutting of titanium (grade-II) sheet by using the beam
of solid-state laser has been carried out successfully. The main conclusions found
from the research are as follows;

(i) The regression models of second order for width of kerf and deviation of kerf
at the bottom side have been developed.

(ii) The regression analysis shows that the correlation coefficient for width of
kerf and deviation of kerf at the bottom side is observed as 0.962 and 0.964,
respectively, which shows that the developed models are reliable and adequate.

(iii) The statistical analysis shows that the regression models of second order for
width of kerf and deviation of kerf at the bottom side are found to be adequate
and reliable for predicting the above responses.

(iv) At optimal parametric levels, the improvement in S/N ratio as well as quality
characteristics values can be seen. It has also been observed in the confirma-
tion experiments as the BKW and BKD are reduced from 0.3408 mm and
0.0740 mm to 0.33693 mm and 0.06871 mm, respectively.
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Development of Hybrid Nanocomposites
by Stir Casting Technique Using
Two-Step Mixing

Rakesh Kumar Yadav, Zahir Hasan, and Akhter Husain Ansari

1 Introduction

The composite metal matrix (MMC) is designed to achieve a specific property by
combining metal (matrix) with difficult particle/ceramic (reinforcement). For space
shuttles, business aerospace, electronic equipment, bikes, cars and a range of wide
application, MMCs are used or prototyped [1]. Aluminium matrix composites are
not like conventional composite material but belong to a family of composites which
can be apportioned to its rigidity, strength, density, heat and electrical qualities. To
accomplish the necessary features, various parameters, like matrix alloy, strength-
ening material, reinforcement volume and shape, the place of reinforcement and
manufacturing processes, etc., can all be varied. The goal is to enhance the combined
properties of metals and ceramics in the design of composite metal matrix [2]. Stir
casting is generally practiced and is known for an especially favourable process
for discontinuous metal materials composites, which is presently practiced commer-
cially. Its benefits are its simplicity, flexibility andmanufacturability formass produc-
tion. This is also appealing as it enables a traditional metal handling route to be used
in theory and therefore reduces the final price of the item to a minimum [3].

Themost commonmatrix inMMCs is aluminium. The low density, strength, good
forgeability, high hardness and greater resistance to wear make Al alloys quite fit for
use [4]. The aluminiummatrix composites (AMCs) are now being widely considered
in the sports, electronics, automobile, aerospace, bicycle and other industries [5].
Furthermore, AMCs are lightweight material with high mechanical characteristics
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with respect to weight, and also they can be cast with stir casting processes in all
complex forms. The mechanical characteristics like strength during compression
and during tension of nanocomposites Al and Al–AlN were examined [6] which by
adding AlN nanoparticles results in an improved compressive strength. The final
strength is projected to be 2610 bar at a percentage elongation of 39–41%. On the
other hand, if Al2O3 has reinforcement of aluminium and magnesium in pulverized
form, the corresponding strength characteristics are improved. Furthermore, if Al-
A206 is used as matrix material with reinforcement of Al2O3 particles in solid or
semisolid state, corresponding mechanical strength characteristics are improved [7].

It has been observed that Al-SiCp’s pressure resistance, produced using ball-
mounted and ball milling powders, has grown from 80 to 172 N/mm2, with a growth
in SiCp weight. The bending strength of Al-composites, manufactured by the liquid
aluminium infiltration method, with a ceramic reinforcement up to 13.0 vol. per
cent, increased during third-point bend tests [8], extremely allowing dual-ceramic
(aluminium oxide and silicon carbide)-reinforced ceramic compounds, which were
further reduced [9]. The literature review shows that the main issue was the use of
standard low-cost machinery for business purposes to achieve homogenous disper-
sion of ceramic particles. From the studies released by stir casting onAl/SiC compos-
ites, restricted work has been performed by two-step mixing in stir casting. As it
is reviewed, by stir casting technique using two-step mixing, no work is done on
aluminium alloy (A356) matrix hybrid composites. Therefore, A356 as matrix mate-
rial and reinforced with 10 wt.% SiC microparticles along with different weight
fractions of SiC nanoparticles (0.0–4.0 wt.%) were fabricated by stir casting process
using two-stage mixing.

2 Experimentation

2.1 Matrix Material

A356 is widely used as the matrix material. The chemical composition of the
aluminium matrix is shown in Table 1 and Fig. 1a show the A356 used as the matrix
material. As-received A356 image of scanning electron microscopy is shown in
Fig. 1b.

Table 1 Chemical composition of A356

Element Si Cu Fe Zn Mg Mn Ti Al

(%) weightage 6.5 0.2 0.25 0.15 0.4 0.1 0.2 Bal
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Fig. 1 a Ingots A356, b SEM image of purchased aluminium powder

2.2 Reinforcing Material

The material used as the reinforcement phases were SiC microparticles and SiC
nanoparticles. The size ofmicro- and nanoparticles is 38µmand 48 nm, respectively.
Figure 2a and b shows the SiCmicro- and nanoparticle powder used as reinforcement
material. The scanning electronmicroscopy of as-received silicon carbidemicro- and
nanoparticle is shown in Fig. 2c and d.

3 Mixing of Reinforcing Material

Ball mill is a mixing system for fine aluminium powder consisting of repetitive
cold bonding, rupture and powder particle rewelding [10]. Micro-SiC powder, nano-
SiC powder and aluminium powder have been obtained from Otto chemie Pvt Ltd.
Mumbai, and A356 ingots have been purchased from Purshottam Brothers Kanpur.

Through the use of ball mill, pure aluminium fine powder and SiC nanoparticles
are mixed together. According to the past study [7], the ball mill cylinder velocity
was set at 100 rpm for 10 h ball milling length. The ratio between powder and ball
was 1:10 [11]. Ball milling method was performed to safeguard the oxidation in
the argon gas setting. The degasification prearrangement was also made from the
cylinder of the ball mill. The primary benefits of using this method are to improve
the wettability of aluminium fine powder nanoparticles. For making 10–10 g powder
palette, we used 25 mm diameter die and on this we apply a load of nearly one tonne.
The palette is used to preserve nanopowder from evaporation. Now, the pallets are
wrapped with aluminium foil in direct molten metal with the help of tong to preserve
it from oxidation [12]. Figure 3a shows pictorial view of palette and Fig. 3 b shows
die and punch.
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Fig. 2 a SiC microparticles powder, b SiC nanoparticles powder, c SEM image of purchased SiC
microparticles, d SEM image of purchased SiC nanoparticles

Fig. 3 a Pictorial view of pallets and b punch and die

4 Stir Casting of Hybrid Nanocomposites—The Stir Cast
Product

Stir casting is commonly used in the fluid stage method to make the composites.
Because it has different benefits compared to other manufacturing techniques such as
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easy, low cost, lessmanufacturing time and its applicability to continuous production.
The melting was carried in a electric furnace in a range of 750–850 °C. A schematic
view of the electric furnace has been shown in Fig. 4a

Initially, A356 ingots are heated in a electric furnace between temperature limit
750–850 °C and after melting the alloy a flux (coverall) weighted 20–25 g is added.
The flux removes the impurities and also provides the blanket against heat radiation.
Thereafter an inert argon gas is inserted for five minutes in furnace to remove the
inherited oxygen. After the cleaning process, palette is mixed with molten metal and
allowed to heat for 15 min and maintaining the temperature of furnace at 750 °C.
Now, the temperature of furnace is reduced to 725–750 °C.After completingmelting,
the SiC microparticles are inserted in the molten metal and along with it stirring is
done. The molten metal is stirred with the help of stirrerring at 400–500 rpm for
five minutes. The process is carried out to avoid jurling. Now, the same operation is
repeated after five minutes so that the molten metal reaches to liquid state and then
again the stirring operation is performed to repeat the same operation as discussed
above. Afterwards waiting for one minute, mixing solution is observed whether the

Fig. 4 a Schematic view of set-up for fabrication of composite and b pictorial view of hybrid
nanocomposite after solidification
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powder is properlymixed or not. If the prepared solution is successful, thenwe obtain
shiny and homogeneous structure of molten metal. Thereafter, stirrer is removed and
after heating for 15 min the prepared slurry is poured in the permanent mould. At
the same time, permanent mould is also heated upto a temperature of 200–300 °C.
So, the finished (solidified) product can be easily removed from mould. Finally, we
obtain the final product as shown in Fig. 4b.

5 Conclusion

In the above operation, we obtain hybrid nanocomposite material which was fabri-
cated successfully after following two-step stirring operation by using stir casting.
The obtained product haswide application in engineering structures, aerospace and in
automobile industry, etc. The obtained product is also very light in weight along with
good strength. The stir casting process is very economical and simple in operation
that is why it is practice in modern engineering applications. The hybrid nanocom-
posite material is found to be better than conventional material as the former is better
in strength and high mechanical properties suitable for engineering purposes.
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Review on Studying Effects of Enhancing
Turbulence by Modifying the Intake
Manifold of Internal Combustion Engine

Shahim Haider Abidi and M. M. Hasan

1 Introduction

As power plants in the current scenario is one of the important examples, in terms
of durability and efficiency, CI engines have leverage on SI engines, but with these
advantages, it has a problem in terms of emissions. Various techniques related to
in-cylinder and also after combustion treatment are being developed to minimize the
effects of harmful output. In the IC engine, mainly there are three types of efficiency:
thermal, volumetric, and mechanical. As far as mechanical efficiency is concerned, a
significant amount of optimization has been achieved during past research work, but
still there is a scope of work in the other two (thermal and volumetric). In the field of
designing intake manifold, various geometries were used by researchers to increase
the mixing of fuel and air as it plays important role in combustion. This parameter
of design is a major deciding factor for an efficient engine in terms of power and
emissions. In the paper, an effort is done to discuss all possible arrangement of the
intake manifold to serve the purpose of enhanced mixing and the possible ways to
further increase the turbulence of inlet air.

2 Literature Review

Paul and Ganesan [1] in his work have taken three arrangement spiral, helical, and
their combination intake manifold for analyzing two phenomena, air motion and
turbulence inside direct injection diesel engine at 3000 rpm. In this study, RNG
k–ε turbulence modeled was used to obtain results related to volumetric efficiency,
swirl, and turbulent in the engine. It was found that the spiral arrangement ofmanifold
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yields higher swirl ratio and turbulent kinetic energy than the other two arrangements.
In terms of volumetric efficiency, spiral–helical combination leads with by 10%
as compared to spiral one, but highest was found for a helical manifold. Also, it
was derived that manifold configuration has minimal effect on the fluctuation of
average RMS of turbulent swirl velocity during TDC of compression inside piston
bowl. Rahiman et al. [2] also worked on the same arrangement used by Paul and
Ganesan to compare the parameters like volumetric efficiency, swirl ratio, tumble
ratio, and turbulence for diesel engine at 1000 rpm. Results for helical manifold are
higher volumetric efficiency, tumble ratio, and turbulent kinetic energy than other
two configurations. As swirl is concerned, helical–spiral combination was best one
among all. Bari and Saad [3] in this work in-cylinder motion of CI engine with the
use of guide vane swirl and tumble device, model was developed with SolidWorks
and for CFD analysis ANSYS was used. The recorded increase of turbulence kinetic
energy, velocity, and in-cylinder pressure, during injection were about 2%, 22%, and
1.3%, and, respectively, for six guide vane swirl and tumble devices. Mandloi and
Verma [4] studied the variation of design parameters like guide curve angle, guide
curve radius, etc., of an intake manifold, and the main objective was to optimize
brake-specific fuel consumption by maximizing the flow area. Martins et al. [5] in
his project used software programs like Gambit, SolidWorks, and Fluent, and these
simulations were carried out to find out swirl in spark ignition engine. Jemni et al. [6]
used six cylinders, heavy duty, and IVECOenginewhich are used for powering diesel
engine of bus. k–ε turbulence model was used for solving Navier–Stokes and energy
equation with help of 3D CFD code FLOWORK. In results, increase of brake torque,
brake power, and brake thermal efficiency by 13.9%, 16%, and 12.5%, respectively,
was found and also reduction of 28% brake-specific fuel consumption was recorded.
Xu [7] conducted numerical simulation on three kinds of intake manifolds using
software Fluent. The analysis laid stressed that two major evaluation indicators are
pressure loss and flow uniformity. Sabale and Sanap [8] proposed a methodology
to achieve 1.8 swirl numbers by opting for helical intake in a diesel engine. This
study emphasizes the correlation between the throat height and the swirl ratio; for
lower throat height value, strong swirl is achieved and for higher value, streamlines
are focused toward the center in a cylinder having smaller swirl ratio. Vichi et al.
[9] in this work have main focus on the design of the engine intake manifold in
which two parameters, the maximum power and the drivability of the vehicle, were
optimized, and themain objective is to locate the place of a plenum chamber between
the restrictor and the engine. It allows one to minimize the pulsating nature flow
through the restrictor. As a result, decrease in the pressure drop at the restrictor was
observed and also rise in themass flow rate elaborated by the enginewas noticed. This
enhances growth of the engine performance. It can be concluded that the increase
in plenum volume leads to higher power that the engine can provide. Shenghua
et al. [10] used several curvilinear diversion blades which are installed near the inlet
valve. This system was able to generate different strength of swirl, and variable
induced swirl has a considerable effect on CI engine fuel consumption. Triqui et al.
[11] analyzed two-valve spark engine to calculate two parameters torque and power
which are controlled by engine air intake capacity. In this work, various techniques
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were used to find a trade-off between the engine flow resistance and its ability to
generate large-scale in-cylinder motion. Loong and Salim [12] had used the K–ε
model in which standard wall function was incorporated by simulation and quantify
the modification in design. With improved intake port, higher mass flow rates were
achieved which are decisive performance factors of the engine. Hushim et al. [13]
used computational fluid dynamics to verify that intake airflowplays a decisive role in
efficient mixing in the intake manifold for port fuel injection. Six angles of manifold
were investigated which were 30°, 60°, 90°, 120°, 150°, and 180°, among all these
last arrangements, was found with the best performance. Martinas et al. [14] had
done optimization of valve diameter which is trade-off between the need for bigger
one for highmass of air filling in-cylinder and smaller one to reduce blind zone; more
the shape of inlet port is smother and piston diameter is bigger, smaller will be the
aerodynamic resistance of geometry due to smaller pressure difference of inlet and
near to piston. Anilkumar and Elia [15] with the help of CFD tool three-dimensional
flow within the manifold runners were simulated. The nature of flow is highly three-
dimensional and have strong dependence on the valve lift except for upstream of
the port bend. Flow separation is critical at higher valve lift. From the analysis, it
can be concluded that the uniform pressure inside the runners is obtained and also a
reduction in smoke level is reported for improved inlet manifold system. Mohiuddin
[16] in this work investigation was carried out on double overhead camshaft engine
having capacity 1597 cc with 16 valves installed on it, and this engine was developed
byMalaysian car manufacturer PROTON. In this engine, swirl adapter is used inside
the intake manifold. The objective of this investigation is to study the effect of swirl
with respect to the normal turbulence mixing process in the engine. The GT-SUITE
software was used which has a standard swirl flow embedded in it. It is found that
the swirl factor is important tool in reduction of the fuel consumption and influence
the volumetric efficiency improvement. The experimental analysis derives that the
influence of swirl increases two parameters power as well as torque in both the
idle and cruising speed conditions with respect to normal turbulence. But these two
parameters decreases rapidly which is due to the inability of generating swirl to at
higher wind flow velocity by the swirl adapter during the higher throttle opening
condition. Singla et al. [17] in this studyMaruti Wagnor engine was used to solve the
problem of Unequal distribution of charge which leads to a reduction of efficiency of
the engine. Modification in a manifold is done to achieve equal velocity at the end of
each runner. Twomodels were analyzed by making some improvements in the actual
manifold. This work focuses on various conclusions like the model has optimized
design of runners and equal velocity at outlet is achieved through the curves at the
end, the arrangement of runners with respect to the inlet is also important factor
and the plenum faulty design is the reason for the variation in outlet velocity, due
to restriction in the passage of flow leading low velocity and high-pressure loss at
outlet-1 in initial model. Absence of unwanted projections and depth cuts in plenum
chamber of intake manifold geometry shows satisfactory results. An increase of 16%
in flow velocity at outlet-1, and approximately 5% to 7% in other outlets improved by
modified design in which nearly equal velocity is achieved at all runner outlets with
respect to actual intakemanifold system. RajKumar et al. [18] themain objectivewas
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to study the ability of an air enhancement device for improving the performance of
diesel engine. Four different types of vanes profiles of convergent nozzle were placed
in four-stroke single-cylinder diesel engine at downstream of the manifold. Analysis
was carried out at different loads in normal conditions and also by using air swirl
devices. The emission analysis for both actual and modified design is carried out and
it was derived that it decreases for all types of vane nozzle as compared to actual
one. At 9 Kgs load, the 3 vanes nozzle emits 61.9% less hydrocarbon than normal
engine, also at peak load there is decrease in NOx and smoke density by 17.18%
and 12.58%, respectively. At 9 kg, all vanes nozzle gives slight increase in brake
power, i.e., 4.19% for 3 vanes nozzle and also specific fuel consumption is decreased
by 9.09% with respect to normal condition. At peak load, highest brake thermal
efficiency is achieved for 5 vanes nozzle, i.e., 8.85% increase as compared to normal
engine. Shrirao and sambhe [19] in their paper aimed to design different types of inlet
manifolds for direct injection (DI) single-cylinder diesel engine in order to create the
turbulence by swirl. The swirl is one the important factors which leads to optimized
combustion and also higher efficiency. At low speed, lowmechanical losses and good
combustion result in higher combustion efficiency. This study aims at the effect of
swirl generation in intake system on engine performance and exhaust emissions. The
enhanced turbulence is achieved in the intakemanifoldwith different types of internal
threads of constant pitch that are acme, buttress, and knuckle threads. It is inferred
that the inletmanifoldwith buttress threads gives better performance and yields fewer
exhaust emissions compared to inlet manifolds with acme and knuckle threads. This
is because inlet manifold with buttress threads achieved a higher swirl coefficient
and swirl ratio compared with inlet manifolds having acme and knuckle threads.
Among all configurations of inlet manifold, buttress internal thread yields best air–
fuelmixing due to enhancement in turbulence.At 2.5KW load for engine, a reduction
of 11.62% was noted in BSFC. The turbulence in inlet manifold configuration with
buttress internal threads was enhanced and hence resulting this one best air–fuel
mixing process among all the configurations of inlet manifolds. As exhaust gas
temperature is concerned for different configuration of intake manifold, it is higher
than normal engine. In terms of emission, reduction of 3.6%, 26.66%, and 12.32%
of the reduction in NOx, CO, and HC was at 2.5 KW load. Gupta and Mishra [20]
designedmanifold for one of the truck engines, which has less plenum volumewhich
is not suitable for air requirement of the engine, resulting reduction in the volumetric
efficiency. Good airflow efficiency implies low restriction than effective utilization
of the intake manifold runner area. A good guideline for judging an intake manifold
is the amount of flow loss it provides from the cylinder head port flow. Generally,
flow loss of 10% v occurs in good intake manifolds or less on the flow bench in the
low-speed range; with this study, it was derived that the valve events play the most
significant role in engine output. Also in the mid-range, the intake manifold tuning
mechanisms are most effective in boosting volumetric efficiency. Optimum design
was achieved by reducing the sharp corners in runner outlet area, also the vortex
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flow to be reduced by reducing dead plenum and collector volume which causes less
uniform streamline resulting in an effect on increasing pressure drop.

Proposed Scope of Research
Still there is scope for applying new techniques to enhance the turbulence of intake
air. One of them can be combination of airfoil and dimpled surface.

From above Fig. 1 (2 mm radius and h/d = 0.5 dimple) and Fig. 2 (NACA-0012
Airfoil).

This arrangement can be used for the intake manifold of diesel engine as shown
below (Figs. 3 and 4).

Fig. 1 Dimple with h/d=0.5

Fig. 2 3D Airfoil
NACA0012

Fig. 3 (Dimpled intake manifold)
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Fig. 4 (Intake manifold)

In above arrangement, airfoil can be incorporated in inlet of the dimpledmanifold,
which will enhance the turbulence of intake air.

3 Conclusion

From the literature review, it can be concluded that methods used like orientation
of valve, placing guide vane swirl and tumble device (GVSTD) to guide the flow of
air entering which lead enhancement in turbulence inside the combustion chamber,
i.e., piston, using helical groove of different pitches, optimizing plenum volume,
different geometry of internal thread of same pitch, using three arrangements helical,
spiral, and helical–spiral manifold. Optimizing design parameters like guide curve
angle and guide curve radius, installing several curvilinear diversion blades near inlet
valve, using different types of vanes profiles of convergent nozzle, optimization of
valve diameter increases the mixing in engine specifically in diesel engine which
provides scope to analyze various parameters like brake-specific fuel consumption,
tumble ratio and swirl ratio, volumetric efficiency and turbulence kinetic energy,
brake thermal efficiency and emissions. Due to increase in pollution, norms are
becoming tighter, so there is always scope for finding new techniques by enhancing
turbulence which results improvement in mixing of air and fuel in diesel engines like
the application of airfoils and dimple surface in intake manifold which is yet to be
explored.
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Waste to Energy (WTE) by Incineration:
Current and Future Practices in India

Prateek Verma, Oshi Jain, and Anurag Gupta

1 Introduction

Municipal solid waste comprises of all the private and business wastes; however, it
does exclude any of the dangerous waste created in ventures with the prohibition of
biotherapeutic waste that had been pretreated. MSW additionally incorporates waste
created in family units, hotels, and restaurants. It likewise incorporates garbage from
the civil works, sanitation buildup, and degradable waste (counting biomass). The
non-recyclable piece ofMSWcan either be separated or be incorporated as fuel. Prac-
tically, all MSW scums post-material retrieval and reutilizing are treated as sustain-
able [1]. The energy created from the waste in WTE procedure can be recouped
through direct ignition, (e.g., incineration, pyrolysis, and gasification) or ignition of
inflammable fills as methane, hydrogen, or other artificial fuels (e.g., burning, pyrol-
ysis and anaerobic absorption, mechanical, organic treatment and waste-determined
fuel). The two principleWTE techniques effectively being used all through the world
are incineration and gasification. According to the 2012 information of Central Pollu-
tion Control Board (CPCB), municipal experts have just set up 279 compost plants.
There are 72 biomethanation plants, 29 refuse determined energizes (RDF) plants,
and 8 WTE plants, out of these, few apparently do not work [2]. It is assessed that
around 68% of the MSW produced all through India is gathered for processing and
only 28% is treated by local municipal departments. But small amount, i.e., 19%
of the total waste created is converted to energy appropriately. The majority of the
unprocessed waste is disbursed in landfills or dump destinations. If country is able
to manage the total amount (about 62 million tons per annum) of MSW produced, it
can effectively altogether lessen the changes of maladies while upgrading standard
of life. Up till 2013, out of the 29 Indian states/UTs, just 22 states/UTs have set
up appropriate waste handling and transfer amenities, while the rest have not even
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Fig. 1 Steps for untreated MSW disposal

attempted any effort in this regard [3]. The disbursal of MSW through WTE plants
has an added advantage that this method diminishes the possibility of aqueous and
air pollution, which are the drawbacks of landfill or composting methods. MSW is
practically an energy wellspring of electricity generation in an inexorably carbon-
compelled world. But unfortunately, in India, it has not picked up as much notoriety
as it did in different nations like USA, China, Sweden, etc.

2 Urban Expansion in India and MSW Challenge

A number of jumbo-sized urban groups, with population more than 50 lakhs, have
remained mostly unchanged over the last couple of years. But, a number of smaller
urban areas group have increased very rapidly due to the changing pattern of industri-
alization [4]. As per theworld urbanization report published in 2018, the urbanization
in India increases more than 3% in the tenure of 2011–2017. This urbanization also
causes an increasing industrial consumption and henceforth increase in MSW gener-
ation [1, 5]. Several states of India are now aiming at a new generation idea, such
as IT/ITES, Biotech, SEZs, and Financial Hubs, but unfortunately, so far a very few
are thinking efficiently about MSW disposal. So far not a single efficiently designed
and competently operated MSW disposal facility is functioning in the country. The
generalized steps of untreated MSW disposal in India are shown in Fig. 1.

Outmost favored three methods of MSW disbursal in Indian scenario, the landfill
is not being used word wide as it may cause the soil and groundwater contamination
and while composting need a large investment for segregation of MSW in dump
yards due to diversified social and education level in India. A sample of quantity and
quality of MSW is generated at different cities in India [6, 7] (Table 1).

3 Design Criteria of Incinerator for MSW to WTE

Increasing gathering and disbursal unit costs, aggravated by expanding refuse genera-
tion rates, has driven government to inspire industry, huge shoppingmalls, and hotels
to introduce small incinerator unit for disbursal of their own waste and to generate
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energy for their own. This thought much of the time may help, the investment funds
from less reject stockpiling area and less incessant decline accumulations, together
with full-filament of their own energy requirement and also the end of the unaes-
thetic and unhealthful collection of waste. These reasons are adequate to legitimize
establishment and activity of a private transfer framework. Such an establishment
must meet certain presentation prerequisites.

• A incineration system must most likely deal with a wide assortment of waste,
including the capacity to devour reject of high dampness content, (e.g., trash or
food wastage).

• While designing the incinerator unit for WTE, per day waste available for
incineration and calorific value of waste must be well defined.

• The incineratormust almost certainly devour awide assortment of wastematerials
including plastics, metal foils, wood, cardboard, glass, paper, etc.

• With the expanding stringency of air contamination codes in regard to both the
particulate substance and foul aggravation qualities of the vent gas, new burning
provisions must incorporate sufficient air contamination control frameworks.

• In request to legitimize an incinerator establishment versus the continuingwith the
scavenger for waste disbursal, the incineration system ought to have moderately
minimal effort (capital and working expenses).

• High ignition effectiveness (great burnout of both flue gas and residue) must be
acknowledged in an incinerator.

• The ash handling in the incinerator should be easy andmust not pollute the nearby
area.

• Based on earlier investigations by AGA [8] and others, the pilot burner structure
for incinerator units must accommodate simple igniting system along with high
level of pilot stability.

• Maintenance must be easy and inexpensive.

4 Waste-to-Energy Conversion

The basic process of waste-to-energy conversion by incinerator involves direct
burning of waste in presence of excess oxygen at temperatures nearly 800 °C which
produces heat energy, inert gases, and ash. 65–80% of heat content of combustion of
the organic matter transfer to hot air, steam, and hot water which can further be used
to run turbine, etc. Basic process of incineration is shown by following Fig. 2 [9].

5 India’s First EURO Norm Compliant WTE Plant

India’s first WTE plant was established in Ghazipur, Delhi. Delhi generates over
10,000 tons of municipal solid waste every day and it is often not dealt with prop-
erly, instead just pushed out of sight and eventually out of mind. The initiative was
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Fig. 2 Process of waste to energy [9]

taken by Delhi Municipal Corporation (DMC) with Private Sector Corporation—
they set up a WTE plant at Ghazipur with the help of IL and FS environment. The
plant can generate 12 MW of electric power at 11 kV by processing 2000 tons per
day. The municipal solid waste is transported to the plant site by East Delhi Munic-
ipal Corporation. The plant has a detailed facility comprising of seven stages for
preprocessing. This is done to prepare the waste to ensure high calorific value for
the RDF. The RDF has a calorific value over 3000 kcal per kg, and such high value
eliminates the need for any additional fuel. The state-of-the-art boiler is designed
to burn around 550 tons per day of RDF at a temperature of 1100 °C. To eliminate
carcinogenic dioxins, the flue gas produced from the combustion of RDF is passed
through the real-time gas cleaning process comprising of semiwet reactor and bag
filter and only after all this are the flue gases discharged in the atmosphere [10].
Some other incineration plants built (or in pipeline) are in Narela (Delhi), Jabalpur
(Madhya Pradesh), Pallavapuram (Tamil Nadu), Surat (Gujarat), and Jawaharnagar
(Hyderabad).

6 Air Pollution Control in WTE Incineration

Majority of the WTE plants those are currently working successfully in all over
the word are incineration type which proved to be a simpler technique than others
[11]. Prime benefits of WTE are conversion of heterogeneous waste into consis-
tent residues such as flue gas, bottom ash, and fly ash, thereby reducing the bulk of
waste up to 75% and volume up to 90%. The design chamber for incinerating the
MSW is specially designed to sustain high temperatures of about 1100 °C. The air
supply is kept uninterrupted to ensure turbulence which in turn guarantees complete
combustion of the waste down to its most stable (or natural) molecular form. The
solid residue can be as repurposed (after cleaning) construction material or simply
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be transported to landfills. A significant portion of the flue gases consists of pollu-
tants (sulfur dioxide (SO2), particulate matter (PM), heavy metals, hydrochloric
acid (H2SO4), and dioxins). Previously, the dioxins were severe concern from the
environmental point of view. Now, with significant advancements in design of incin-
erators and modified processes of emission control (in light of strict regulations put
in place by developed nations), incineration can be operated with virtually no dioxin
emissions. Apart from them, other contaminants (in air) can be efficiently controlled
during combustion, and they can also be removed by the system for cleaning flue gas.
The heat generated due to MSW incineration can be collected via steam generation
which in turn is used for generating power. The sale of electricity or steam produced
as the by-product of the combustion process partly balances the capital required for
incineration [12].

7 Problems of WTE Incineration

• WTE needs high capital investments and functioning costs in comparison to other
MSWmanagement technologies andpower generationbyother renewable sources
of energy. Incineration equipment is very expensive and has high operating cost
andmaintenance costs; it has been found that equipment are modeled on domestic
technologies which are cheaper but largely restricted to relatively low capacities.

• Some air pollutants’ emission.
• Management of fly ash produced during MSW incineration is a key factor which

has to be taken care of [13].

8 Conclusion

Having gone over all the date, we can safely conclude thatWTE efficiently deals with
the problem of MSW disposal all the while recovering energy from the waste mate-
rials. Additionally, it lowers the level of the pollutants emitted. MSW is increasingly
being accepted as one of the clean sources of energy, primarily due to the signif-
icant environmental quality benefits such as reduction of greenhouse gas (GHG)
emissions. As the research and technology develop further, especially dealing with
flue gas control, fly ash management, and corrosion phenomena, possible reuse of
residueswill accelerate the growth of theWTE industry evenmore. The task ofMSW
disposal and the call for alternative energy sources are common in several developing
countries such as India. It is expected that the Indian experience withWTEwill offer
some helpful lessons to other developing nations as well.
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Enablers for Lean Six Sigma and Agile
Implementation: An Interpretive
Structural Modeling Approach

Nidhi Mundra, Rajesh P. Mishra, and Abhishesh Mishra

1 Introduction

Nowadays, synergy of Lean and Six Sigma seems to be a renowned continuous
improvement (CI) business strategy to reduce the cost, increase the productivity,
enhance the product quality in the manufacturing sector.

Lean and Six Sigma are complementary approaches as Six Sigma will eliminate
defects in processes, but it can not optimize process flow [1] andLean cannot bring the
process into statistically control [2–4]. To achieve contradictory goals, i.e., reducing
the cost and enhancing the quality of products, LSS can be implemented; however,
neither of LM nor Six Sigma addresses the total requirements demanded by the
current market, which includes a simultaneous focus on efficiency and quality, as
well as flexibility [5].

AM can cope up with such a situation [6]. In philosophies, AM is the capability
to reconfigure and behavioral flexibility to operate in volatile environments [7].

Yet none of these approaches gives competitive advantages in today’smarket place
when practicing individually. Although AM brings responsiveness and flexibility,
it is far behind from LM in terms of efficiency. On the other hand, LM cannot
handle the dynamic market demand due to lack of flexibility. While both production
systems address basic improvement issues but they do not encompasses problem-
solving approach, which is Six Sigma’s main strength [5]. AM, when integrated
with LSS methodology, can enable an organization to offer desired products and
services quickly to its customers without compromising the quality at an optimum
price. Several researchers have developed Lean, Six Sigma, LSS, AM, Lean agile
enablers in their research individually but a comprehensive set of enablers which
integrates LSS and AM is not found. There is a need to develop a framework which
not only possesses combination of LSS and AM enablers but also gives step-by-step
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Table 1 Literature review

S. No Enablers Authors

1 Knowledge management/intellectual capital
management

[12, 14, 15, 21, 23, 29]

2 Virtual enterprise [8, 9, 11, 12, 21]

3 Customer relationship management and market
information

[11, 14–18, 21–25, 27]

4 Existing technology advancement and augment of new
technology

[8–13, 20, 25]

5 Systematic learning and development of employees [15–19, 24, 25, 27, 29, 31]

6 Employee empowerment [9, 12, 15–17, 24, 25, 27]

7 Use of information technology for better
communication

[12–19, 21, 22, 27, 28];

8 Top management commitment toward LSS & AM [8, 10, 14–20, 23–29, 31]

9 Organization culture [14, 15, 18, 19, 25, 26]

10 Supplier relationship [8, 10–12, 21, 22, 25, 29]

11 Multi-skilled workforce [9, 11, 20, 25, 29, 30]

12 Alignment of strategies [15–17, 23, 24, 26, 33]

13 Project selection and prioritization [11, 15–20, 24, 25, 27]

14 Financial Capabilities [28, 30, 31]

15 Link to human resources-based actions (promotions,
bonuses, etc.)

[16, 29–31]

16 Change management [17, 25, 28–31];

17 Organization infrastructure [16, 17, 25, 28–31]

18 Communication [16, 17, 25]

guidelines to implement LSS and AM to practitioners. This paper is organized into
four sections; Section 2 describes the ISM methodology while Section 3 discusses
features of the proposed ISM frameworks. Finally, Section 4 presents the conclusion.
All the enablers for LSS andAM implementation are identified through vast literature
review and opinion of industry and academia experts are shown in Table 1.

2 Interpretive Structural Modeling

ISM methodology helps in identifying the mutual relationship among enablers and
their driving power and inter-dependencies. Jharkharia and Shankar [32] have given
the following steps for ISM technique (see Figs. 1 and 2) (Tables 2, 3 and 4).
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2.1 Identify the Variables and Development of SSIM Matrix: 

 Enablers are identified from the collected data; the group of industries experts and researchers identified the kind of 
inter-relationships among enablers. Four symbols V; A; X and O represent the direction of the relationship between 
two enablers i and j in SSIM (shown in Table 2) 

2.2 Reachability Matrix  

Now to get the initial reachability matrix, SSIM has been changed into a binary matrix. The instructions for V, A, X 
and O substitution by 1 and 0 are adopted from Ravi & Shankar [32]. In the final reachability matrix transitivity 
condition is considered. (See Table 3)

2.3 Level Partitions: 

The enabler having identical reachability and intersection set is placed at the topmost level in the echelon of ISM . 
Now the identified top-level enabler is segregated from the remaining enablers. Then, the reiteration of the same 
process is carried out to identify the level of each enabler (See Table 4). 

2.4 Formation of the ISM model: 

A directed graph (digraph) is drawn from the final reachability matrix. It is transformed into the ISM-based model 
(Figure 2) by removing the transitivity’s 

2.5 MIC-MAC Analysis: 

In MIC-MAC analysis enablers are classified into four clusters: Autonomous enablers (both weak driving power & 
dependence); Dependent enabler (weak driving power & strong dependence); Linkage enablers(both strong driving 
power & dependence) and Independent enablers (strong driving power & weak dependence) 

Fig. 1 Steps of ISM



380 N. Mundra et al.

Table 2 Structured self-interaction matrix (SSIM)

Enablers 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

1 A A A X A X A V V A A X X X V V V

2 A A A A A A A O A A A A A A X A

3 A A A A A A A X X A A A A A V

4 A A A A A A A A A A A A A A

5 A A A X A X A X V A A X X

6 A A A X A X X V V A A X

7 A A A X A X A V V A A

8 V V V V V V V V V X

9 V V V V O V V V V

10 A A A A A A A X

11 X X X X V X V

12 X X X X X V

13 A A A X A

14 X X X V

15 O A A

16 X X

17 X

18
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Table 3 Final reachability matrix

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 DRIVER

1 1 1 1 1 1 1 1 0 0 1 1 0 1 0 1 0 0 0 11

2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

3 0 1 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 5

4 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

5 1 1 1 1 1 1 1 0 0 1 1 0 1 0 1 0 0 0 11

6 1 1 1 1 1 1 1 0 0 1 1 0 1 0 1 0 0 0 11

7 1 1 1 1 1 1 1 0 0 1 1 0 1 0 1 0 0 0 11

8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 18

9 1 1 1 1 1 1 1 1 1 1 1 1 1 1* 1 1 1 1 18

10 0 1 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 5

11 0 1* 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 5

12 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 16

13 1 1 1 1 1 1 1 0 0 1 1 0 1 0 1 0 0 0 11

14 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 16

15 1 1 1 1 1 1 1 0 0 1 1 0 1 0 1 0 0 0 11

16 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 16

17 1 1 1 1 1 1 1 0 0 1 1* 1 1 1 1 1 1 1 16

18 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1* 1 1 1 16

13 18 16 18 13 13 13 2 2 16 16 7 13 7 13 7 7 7 201/201

*denotes the transitivity condition between i an j enablers

Table 4 Level partition of
each enablers

S. No. Enablers Level No.

1 2, 4 First

2 3, 10, 11 Second

3 1, 5, 6, 7, 13, 15 Third

4 12, 14, 16, 17, 18 Fourth

5 8, 9 Fifth
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Fig. 2 Integrated framework for LSS and AM implementation

3 Result and Discussion

In ISM, theMIC-MACanalysis gives a classification of enablers. It has been obtained
that no enablers present in the autonomous cluster, so no enabler is disconnected
from the system, that means all the enablers obtained from the extensive literature
survey are essential and organizations must pay attention to all of them. Enablers’
top management commitment toward LSS & AM and organization culture has the
highest driving power and the least dependence formed the base of the model. So the
integration of these enablers is the key to the efficacious enactment of LSS and AM
in several organizations.

4 Conclusion

In recent years, the manufacturing segment of the industry has acquired itself with
modern and advanced technologies; however, in the very volatile market, customers
are more demanding than ever. The fusion of LSS and Agile can give a competitive
edge to themanufacturing industry in the upcoming era. This is one of the prior efforts
made to present a comprehensive analysis of LSS and AM framework which also
give step-by-step guidelines to implement LSS and AM to practitioners. Although
this framework is not validated statistically. For statistically validation, structural
equation modeling can be seen as groundwork for the future.
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Experimental Investigation and Analysis
of Stainless Steel 316L by Salt Spray Test
Method for Corrosion Behavior

Mohd Dawood and Prabhat Kumar Sinha

1 Introduction

In present scenario, the usage of the stainless steel is increasing in different fields such
as chemical and allied industries, household utensils and marine structures. Stainless
steel is also known as corrosion-resistant steel, because it is an iron-based steel alloy,
which contains minimum 11% chromium. Chromium present in it prevents it from
getting corroded. When ordinary carbon steel is exposed to rainwater, it corrodes
easily due to formation of a brown iron oxide on the surface, which is commonly
called as rust. But when more than about 10% chromium is added to ordinary steel,
the oxide on the surface is transformed. Stainless steel generally has high ductility,
weldability and cryogenic toughness properties.

Grade 316 is the standard molybdenum-bearing grade, second in importance to
304 amongst the austenitic stainless steels. Stainless steel differs from carbon steel
by the amount of chromium present. When exposed to air and moisture, unprotected
carbon steel rusts easily. This iron oxide film(the rust) is active and accelerates
corrosion by formingmore iron oxide [1]. The numerous and fruitful uses of stainless
steel 316L make it a material to be researched upon. In this view, it was decided to
take a study upon the following objectives:

1. To conduct an experiment of stainless steel SS316L by salt spray test method for
corrosive atmospheric contamination.

2. To measure the corrosion of the SS 316L numerically by corrosion analysis.
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2 Review of Literature

Kumar et al. (2014) studied the austenitic stainless grade 316 corrosion resistances in
one mole hydrochloric acid solution. The electrochemical potentiostatic polarization
method was used to measure the corrosion behavior of 316 SS samples in corrosion
environment.

Ribeiro et al. (2015) studied the electrochemical technique EIS used for the
evaluation and investigate the corrosion behavior of metal in reinforced concrete.

Alar et al. (2016) investigated the corrosion behavior of SS 304, SS 316 and SS
316 Ti in red wine, white wine and beer. The cyclic potentiodynamic polarization
method and gravometric method was used to determine the corrosion rate and its
behaviors of the sample. [2]

Suresh(2017) performed the corrosion and wear characteristics of the propeller
shaft material as 316LSS with increasing the hardness properties. Author found that
increase in hardness and corrosion resistance can be achieved by cryogenic treatment.

3 Materials and Methods

The composition of the SS316 is given in the following Table 1.
Stainless steel 316L is taken in the form of the sheet of size 320*160*3 mm.

In the sample of stainless steel 316L, salt spray test was performed. In salt spray
test chamber, a standard solution of 5% NaCl (sodium chloride) is used to create
a highly corrosive atmosphere. The spraying of salt is produced continuously over
a surface of the stainless steel 316L sample, and corrosion over the surface of the
sample depends on the resistance of the surface coating. Details of the sample taken
are given in Table 2.

Table 1 Chemical
composition of AISI 316L
stainless steel

Element % of elements

Chromium (Cr) 17.00–18.00

Sulfur (S) 0.0–0.04

Molybdenum (Mo) 2.00–2.50

Manganese (Mn) 0.00–2.00

Silicon (Si) 0.0–1.00

Iron (Fe) Balance

Phosphorous( P) 0.0–0.05

Carbon (C) 0.0–0.04

Nickel 9.00–14.00

Nitrogen 0.0–0.10
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Table 2 Detail are as follows
of the Testing method

Reference to protocol ASTM B117

Description Stainless steel 316L (3 mm)

Test required Salt spray test

Test Method/specification ASTM B117

Salt solution 5% solution of NaCl

pH of solution 6.8–7.2

Temperature 35 ± 1 °C

Quantity of fog 1.0 ml/80cm2/H

Exposing duration 120 years

3.1 Corrosion Analysis Model

The main purpose of this current research is the analysis of the corrosion over the
stainless steel sample that taken the variation in the concentration of the stainless
steel 316L. Chloride ions along with the oxygen ion called the pure diffusion. In this
method, both the ions diffusion coefficient is taken as input value for the operation
[4].

Corrosion of SS316L consists of two electrodes reactions that taken place (Fig. 1).

(1) Reaction at anode—conversion of iron to Fe2 + ions;
(2) Reaction at cathode—conversion of oxygen to O ions.

There are three causes of polarization, they are as follows:

Fig. 1 Description of the
localized corrosion
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1. Concentration,
2. Ohm potential drop and
3. Activation.

3.1.1 Polarization at Cathodes

Concentration polarization for cathodes, gc, c (V), could be computed by the given
below formula [5].

ηc,c = − RT

zF
In

iL
iL − ic

(1)

Here,

R is universal gas constant (= 8.314 J/K mol),
F give Faraday’s constant (= 9.65 × 104 C/mol),
T taken as absolute temperature (K)
Z defined the number of electrons exchanged in the reaction at cathode (= 4),
iL taken the limiting density of current of the reaction at cathode (A/cm2).
ic defined the current density at cathode (A/cm2)
The current density (limiting) can be obtained by the profile of oxygen on the
steel surface.

iL = zFJO2, max (2)

where JO2, max taken as the supply for oxygen (maximum) for steel 316L sample
(mol/(cm2 s).

Accordingly, kinetics of Butler Volmer, cathode activation polarizationηc,a could
be found out by the use of the Tafel equation [6].

ηc.a. = βc log
ic
i∞

(3)

where βc defined the slope of the Tafel for cathode reaction (V/decade) and
ic 0 is exchange current density for the cathode reaction (A/cm2). From Eq. (1)

and (3), the polarization at the cathodes, ηc, could be expressed as Eq. (4).

ηc.a. = βc log
ic
i∞

RT

zF
1n

iL
iL − ic

(4)
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3.1.2 Polarization at the Anodes

polarization at anodes, ηa, could be determined by the following equation.

ηa = βa log
ia
ia0

(5)

Where βa is the Tafel slope of reaction at anode(V/decade),
ia is the current density (A/cm2) at anode and
ia 0 taken as the exchange current density at the anode (A/cm2). In this study, β
is taken as 91.7 mV/decade for de passive steel and infinity for passive steel, and
taken as to be 176.8 mV/decade for all other states of steel [7].

3.1.3 Current Density and Electrode Potential for Corrosive Sample

Using polarization, electrode potentials for the anodes and the cathodes reaction
could be calculated by the following equations.

f a = f a0 + ha + ba log
ia
ia0

(for the anodes) (6)

f c = f c0 + hc

= f c0 − bclog
ic
ic0

− RT

zF
In

iL
iL − ic

(for the cathode) (7)

where φa, φc taken as potentials (V) at the anode and cathode, whileφa0, φc0 defined
the potentials equilibrium at the anodes and cathodes (V) under an environment
condition. For clarity taken for the analysis for corrosion, it has been taken in the
research thatφa0, φc0 remain constant throughout the analysis process. While in
actual, these values depend on PH value for the amount of available oxygen [8].

Macro-cell current density at the point, I macro, could be calculated by the
following

imacro = ia − ic (8)

By Ohm’s law, the normal gradient at the steel sample is proportional to the
macro-cell current.

This means

1

r

∂ϕ

∂ϕ
= imacro (9)

where r taken to be electrical resistance of concrete (�m);
n determine the direction normal for the steel surface.
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3.2 Corrosion Analysis

Assuming electrical resistance for SS 316L isotropic, then electric potential could
be found out by Laplace’s equation.

∇2φ = 0 (10)

where φ taken as electric potential (V) and ∇2 is the Laplace sign. For finding
potential distribution for the sample, the calculation of Eq. (10) under boundary
condition of Eq. (9) should be determined. As both sides of Eq. (9) are dependent
on the distribution of potential, this problem could not be solved by any other ways.
The solution to this problem is made in this study as given below [9]:

1. Obtain suitable point of pivot; also, give it an essential boundary condition with
pivot value of potential (= φpivot).

2. Suppose the value of distribution of initial potential.
3. Find the macro-cell currents for the boundary by the use of Eqs. (6)-(8).
4. Find the natural boundary condition by the use of Eq. (9).
5. Find out potential distribution by using the above boundary conditions.
6. Do all the steps from (3) to (5) unless norm for convergence test. ‖η‖, found to

be lower than allowable limit value ‖η‖allow.

‖η‖ =
√∑nn

i=0

[{ϕi} j − {ϕi} j−1
]2

nn
≤ ‖n‖allow (11)

Here, {ϕi} j determine the potential value at the jth iteration, and n gives the
number of nodes.

7. Change the value of the potential of pivot as well as do steps 1–6 unless the
difference between the corrosion current given by the normal gradient of potential
and the macro-cell. Current obtained from the potential at the point of pivot is
lower than that of the allowable value.

αallow.

∣∣∣∣1r ∂ϕ

∂n

∣∣∣∣ − imacro ≤ αallow (12)

By current density at anode, depth of corrosion can be found out by the given below
equation.
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Fig. 2 Effect of immersion
time on corrosion rate for SS
316L

dcorr =
∫

1.15 × 104 ia dt (13)

Where dcorr is the corrosion depth (mm), t is the time (year).
After the analysis, same boundary condition is applied to the analysis of oxygen

to consider the consumption of oxygen during reaction at cathode (Fig. 2).

∂Co2
∂n

= ic
4FDo2

(14)

where CO2 is the concentration for oxygen and Do2 is taken as the coefficient of
diffusion for oxygen.

Effect of immersion time on the corrosion rate of SS 316L subjected to 35 g/l
NaCl solution is shown in the Fig. 3 [10].

1. 0–0.08: corrosion rate (in mmpy)
2. 0–12: immersion time (in hours)

4 Results

The result was demonstrated, and variousmechanical properties were investigated on
the basis of the exposure time and its corrosion behavior. Sample having less exposure
time generally exhibits the higher corrosion resistance and having higher tensile
strength, while the sample having more exposure time exhibits the less corrosion
resistance and having the less tensile strength. Salt spray test was achieved under
5% NaCl solution conditions, and the results are shown in Table. The corrosion
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Fig. 3 Result after the salt spray test

Table 3 Examination (in Hours)

Salt spray test 24 48 72 96 120

Result No effect _ _ _ _

resistance seems to be the same, and the total duration of the test, 120 h, was certainly
too short to point out differences. After completing the salt spray test under the salt
spray test method chamber for the exposure of 120 h, it is observed that there is
no corrosion effect is seen over the surface of the sample stainless steel 316L; also,
numerical corrosion analysis shows that for the stainless 316L, corrosion resistance
for the sample is inversely proportional to the exposure time (in years). The effect
on the surface of SS 316L after every 24 h up to 120 h is shown in the Table no
0.3. From the given Table no 3, it is clear that we cannot determine and observe the
corrosion on the surface of SS 316 L under such small time interval. The effect of
the corrosion over the surface of SS 316 L depends mainly on the time (Table 3).

5 Conclusion

In this experiment, the condition for varying the immersion time of S.S
316L subjected to behaviors of stainless steel 316L has been studied, and it is found
that under the corrosion test of above material sheet of 3 mm thickness has been done
under 120 h and justified by numerical analysis which shows that order of corrosion
resistance of SS 316L is suitable for the present atmospheric condition and optimized
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their utilization in different application in the industries. This study can be provided
for acidic condition and analyzed for their best result.
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Experimental Investigation of Evacuated
Tube Solar Air Collectors for Drying
Application

Santanu Malakar and Vinkel Kumar Arora

1 Introduction

Solar energy is considered asmost favorable renewable energy sources aroundworld.
Solar energy is harvested through the different types of collector which convert solar
energy into heat energy and transfer it to a fluid. It is also extensively used in many
countries for drying application [1]. Drying of agricultural products using direct sun
rays under the open sky degrades the quality of the dried products due to dust, rodents
and insects attack. Solar cabinet drying technology is the foremost substitute to all
the problems discussed, and these can be resolved by the development of solar drying
system, consisting of solar collector, air flow blower assembly, drying chamber [2].
The postharvest processing of garlic clove poses a great challenge because of high
moisture content and bio-compound which causes browning and quick deterioration
[3]. To overcome the spoilage, the garlic clove is dried and its moisture content is
reduced up to the desired level for safe storage. For drying of garlic clove, different
researcher applied different drying technique and some have worked on the garlic
slice [4].

The biggest challenge lies in conversion of radiation energy to heat energy in
efficient way for application of drying of agricultural produces. Mainly PV thermal
collectors and flat plate collectors are used to collect the heat energy and proceed
in the drying chamber by natural or forced convention methods in solar cabinet
dryer and green house dryer [5, 6]. Numerous researchers have worked on free
convectiongreenhousedryer andflat plate collector to enhance the convective transfer
coefficient, heat absorption, thermal efficiency and energy efficiency of the dryer
[7, 8]. Multimode drying operation and phase change materials could be used for
maintaining the better quality of food products and continue the drying process after
sunshine, respectively [9, 10]. Due to low thermal efficiency and unsteady energy
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absorption in flat plate collectors, ETSC is mostly used in air heating system for
different applications. Also, the ETSC has much higher efficiencies than the flat
plate collectors [11, 12]. Also, [13] has reported the performance and efficiency of
evacuated vacuum tube solar drying system for different agricultural produces and
confirmed that the air temperature increases up to 80 °Cwhich is sufficient for drying
of agricultural produces. The efficiency of the evacuated vacuum tube solar drying
systems for particular vegetables and fruits was found around 70%–79% and 55%–
78%, respectively. Evacuate tube-based solar dryer was developed by [14] for the
drying of amla fruit.

The objective of the present research is to design and develop on evacuated tube
solar dryer (ETSD) consideration on the design parameters. The thermal performance
of ETSC and drying system is investigated on load and no load condition. Garlic
clove are dried in ETSD and sun dried in order to investigate the average drying rate,
percentage moisture content removed and also compared with sun drying.

2 Materials and Methods

2.1 Design Consideration

The ETSD is designed for approximately 10 kg of garlic clove to reduce the moisture
content from 68% to 8% (wb) within 8 h. Technical specifications of evacuated tube
is made of borosilicate of length 1.8 m with copper heat pipe of diameter 58 mm and
placed at tilt angle 45 °C. Based on the assumptions and design criteria, the different
parameters of evacuated tube solar dryer are determined by the following equations.

Amount of moisture content to be removed (Mw) and average drying rate (DR)
for the desired level of moisture from given quantity of garlic clove is given by: [15]

Mw = MT × (
mi − m f

)

100− m f
(1)

where, MT is total mass of garlic clove, mi and mf are initial and final moisture
content, respectively, and td is total drying time (h).

Amount of heat required (Q) for drying of garlic clove considering sensible heat
and latent heat vaporization can be determined by: [16]

Q = MT × Cpr ×
(
Tp − Ta

) + Mw × h f g (2)

h f g = 4.186× 103
(
597− 0.56Tp

)
(3)
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whereCpr is the sp. heat of produce (KJ/kg°C), Tp and Ta are product drying temper-
ature and ambient air temperature, respectively, and h f g is latent heat of vaporization
(kJ/kg).

The required volume of heated air (Vair) for the decrease of moisture content from
the garlic clove can be calculated by the energy balance equation [12].

Mw × h f g = ρa × Cpa × Vair ×
(
Tco − T f

)
(4)

where ρa (kg/m3) is the density of air,Tco and T f are collector outlet temperature and
final temperature (°C), respectively.

The mass flow rate Mf(kg/s) and volume flow rate of air V f (m3/s) is requirement
for effective drying of garlic clove, and it can be calculated as follows:

V f = Vair

td
(5)

M f = V f × ρa (6)

The amount of heat absorbed by the evacuated tube collector should be equal to
the amount of heat required for the designing the total solar collector area and the
number of evacuated tube requirements. Therefore, total collector area and number
tube can be estimated as follows: [17]

Qabs = Qreq = Ac × IG × ηeff (7)

Ac = π

2
× D × L × n (8)

where Qabs and Qreq (kJ) are amount of heat absorption and heat requirement, respec-
tively, Ac collector area (m2), IG is solar radiation (W/m2), and ηe f f is efficiency of
collector. D, L and n are the diameter (mm), length (m) and number of evacuated
tubes, respectively.

2.2 Drying Chamber and Blower Selection Procedure

The drying chamber is considered as convective batch—type and parallel hot air flows
to the perforated stainless-steel trays of the product within the closed compartment.
The dimensions of the drying chamber are length, breath and height estimated based
on the product drying bed area, bulk density and porosity of the product and distance
between trays. The drying bed area

(
Adry

)
can be calculated as:

Adry = MT

x × ρp × ε
(9)
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The blower capacity for the effective drying was selected based on the require-
ments of air flow rate and pressure desired within the drying chamber. The power
requirement of the blower for transferring of heated air to the drying chamber is
calculated by this equation:

P = V f × ρa × h (10)

ρa (kg/m3) is the density of air, x (mm) is the thickness of drying bed ε is the
porosity of the product;V f air volume flow rate (m3/s), and h is the pressure head
(m).

2.3 Testing and Performance Investigation of ETSD

The preliminary trails at no load condition were conducted at the NIFTEM, Kundli,
Haryana, India, located at 28.8676°N, 77.1180°E in the month of July 2019. The
study is focused to determine, the thermal performance and drying characteristics of
garlic clove on ETSD.

2.3.1 Performance Analysis of Solar Collector

The ETSC performance is evaluated at no load condition based on the temperature
raised in air at collector outlet. Different parameters like temperature, solar intensity
and relative humidity were measured at an interval of one hour in a clear sunny day.
Observations were measured by using different digital instrument like digital pyra-
nometer (±0.05), digital anemometer (±0.2m/s), thermometer (±0.01 °C), humidity
meter(±0.02%), etc. The experiment of the ETSD is conducted from 10AM to 5 PM,
and data was recorded on hourly basis. The variation of solar radiation (IT ), ambient
temperature (Ta), inlet temperature of drying chamber (Tdi), outlet temperature of
drying chamber (Tdo) and relative humidity (Hrel) is recorded on hourly basis.

2.3.2 Performance Analysis of Drying Chamber

The ETSD dryer was investigated based on the moisture content removed (%),
average drying rate and drying efficiency of the developed ETSD. The following
constraints are taken into attention for the performance investigation of evacuate
tube solar dryer and also comparison with sun drying of garlic clove.

a. Amount of moisture removed and drying rate

Percentage of moisture content (MC) removed from the initial moisture content
(wb) and drying rate of the garlic clove is expressed on and given by [18]
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MC = wi − w f

wi
× 100% (11)

Dr = wi − w f

td
(12)

wi and w f are initial and final weight of the product, respectively, and td is the
drying time (h).

2.4 Evacuated Tubes Solar Collector Efficiency

Collector efficiency (ηc) is the ratio of the rate of heat gained by the fluid for effective
drying to the total solar radiation incident on collectors. It is expressed by equation:
[14]

ηc = M f × Cpa(Tco − Ta)

Ac × IT
× 100% (13)

where M f (kg/s) is the air mass flow rate,Tco and Ta is the outlet temperature of the
collector and ambient air temperature, respectively.

2.5 Evacuated Tube Solar Dryer Efficiency

Dryer efficiency
(
ηdryer

)
of the developed evacuated solar dryer is the vital factor for

evaluating the performance of this dryer which can be estimated as: [12]

ηdryer = Mw × Lw

IT × Ac × td
(14)

IT is solar radiation (W/m2), Lw is latent heat of vaporization of H2O (kJ/kg), and
Ac is the collector area (m2)

3 Results and Discussion

3.1 Experimental Setup

Evacuated tube solar dryer was developed based on the design parameters for the
drying of garlic clove. As per the design estimation, the ETSD was fabricated. The
15 number of evacuated tubes solar collector was mounted parallel through header
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Fig. 1 Schematic representation of developed ETSD

which was made of 40-mm-diameter copper pipe through proper insulation to reduce
the heat loss. Specifications, i.e. collector area, 1.34 m/s2, air flow rate 3.7 m/s are
estimated. The drying chamber area 4 m2 with six number of trays is made up
plywood with inner wall covered with aluminum sheet to diminish the heat loss.

The internal dimension of the chamber is (0.78 × 0.70 × 1.36) m3. The devel-
oped drying chamber contains of six perforated trays for loading the garlic clove. A
centrifugal fan of 0.2 HP was attached in inlet of header for the maintaining the air
flow rate during drying processed. The fabricated dryer consists of evacuated tube
solar collector, blower, drying chamber as displayed in Fig. 1.

3.2 Performance Investigation of Solar Collector

The drying system was developed for heating the air to supply in drying chamber for
drying of garlic clove. The temperature profile of the evacuated tube solar dryer was
recorded at no load condition bymeasuring the inlet zone and outlet zone temperature
of the drying chamber. Also, the thermal profile of the drying system is presented in
Fig. 2.

It is clearly observed that the maximum temperature 82.5 °C was achieved at the
inlet zone of drying chamber when the solar intensity 1440 W/m2, while ambient
temperature was 39 °C, relative humidity 42% at mid-noon (1–2 pm). During
the experiments, the ambient temperature changes from 32 to 39 °C although the
highest temperature at collector outlet was recorded 82.5 °C at inlet and 62.8 °C at
outlet temperature of drying chamber. The solar radiation was recorded from 650 to
1495 W/m2. It was recorded that the intensity of solar radiation was higher during
mid-noon,which resulted in higher air temperature inside the drying chamber. Similar
trend was reported for the flat plate collector [12].



Experimental Investigation of Evacuated Tube Solar Air … 401

Fig. 2 Thermal profile of evacuated tube solar dryer

3.3 Performance of Drying System

3.3.1 Amount of Moisture Removed

The variation ofmoisture content usingETSDand sun drying is presented graphically
in Fig. 3a. It was clearly observed that the initial amount of moisture of garlic clove
was found to be 68% which decreases to 8% in ETSD and 24% in sun drying for
same drying time. It concludes that the reduction of moisture content in ETSD was
higher as compare to sun drying. Similarly, the reduction of moisture content was
reported by [19].

3.3.2 Drying Rate of Garlic Clove

The drying rate curve for ETSD and sun drying is depicted in the Fig. 3b. It is
clearly observed in ETSD, the initial drying rate was found to be 0.81 kg H2O/kg dry
matter/h which increases initially up to 0.96 kg H2O/kg dry matter/hand; thereafter,
it decreases to 0.58 kg H2O/kg dry matter/h during drying time of 7 h. Similarly,
during sun drying, the initial drying rate was 0.65 kg H2O/kg dry matter/h which
increased 0.68 kg H2O/kg dry matter/h and thereafter continuously decreased to
0.23 kg H2O/kg dry matter/h during drying period. The results show that the drying
rate in evacuated tube solar drying system was higher than the sun drying at same
environment conditions which concluded that the required drying time in ETSD is
reduced as compared to sun drying.
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Fig. 4 Efficiency variations of the evacuated tubes solar collector and solar dryer

3.4 Evacuated Tube Solar Collector Efficiency

The performance of ETSC was evaluated through the efficiency of collectors during
the experiment. The ETSC efficiency is graphically presented in Fig. 4. Initially, the
efficiency of ETSC was recorded 28% which increase up to 46% with the increase
of solar intensity 1440 W/m2 during 1 pm to 2 pm and thereafter decreased to 33%
with decreasing solar intensity 650 W/m2 at 5 pm.

3.5 Evacuated Tube Solar Dryer Efficiency

The variation of overall dryer efficiency of the ETSD during the experiment is graph-
ically as shown in Fig. 4. Initially, the dryer efficiency was observed 31% which
increases 34% when solar intensity was maximum, and after that, the efficiency was
decreased to 16% during the drying period. The average efficiency of ETSD was
measured 29%.

4 Conclusion

Evacuated tube solar dryer was designed and fabricated for drying of garlic clove.
The maximum collector outlet temperature was measured to be 82.5 °C during mid-
noon at maximum solar radiation 1440 W/m2. It is concluded that the amount of
moisture content reduced by 60% in ETSD while 48% in sun drying for drying time.
The average drying rate was found to be 0.81 kg H2O/kg dry matter/h in ETSD
which is higher than in sun drying. Also, the average collector efficiency and dryer
efficiency were found 37% and 29%, respectively. So, it is evident that the developed
ETSD is better and efficient and less time is required for drying of garlic clove as
comparison to sun drying.
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Appliances Energy Prediction Using
Random Forest Classifier

V. Vakharia, S. Vaishnani, and H. Thakker

1 Introduction

Energy consumption of world is increasing with time. Being the pure and high-
grade form of energy, nowaday’s share of electrical energy in total energy demand is
increasing rapidly. Understanding the energy usage in the form of electricity has been
a subject of various studies [1–3]. The supply of electrical energy is quite less than
the demand. Moreover, electrical energy is to be supplied in real time as it cannot be
stored in its pure form and even if stored in devices such as battery packs, the conver-
sion efficiency of the equipment comes into play. One way to meet the demand is to
supply only the real time required amount of electrical energy. This can be possible
if somehow prediction of electrical energy load can be done. Understanding the
energy use in the form of electricity has been the subject of various studies. One of
the significant sectors in electrical energy consumption is appliances. It represents a
considerable portion of about 20–30% of the electrical energy demand [4]. Consid-
ering the high demand and less supply of electrical energy, it is required to predict
energy load. The consumption of electricity in domestic households depends mainly
on two factors: the number and type of appliances and their use by the residents.Many
factors such as building construction, weather conditions, dry-bulb temperature, wet-
bulb temperature occupancy, behavior of occupancy, lighting, heating ventilation
and airconditioning systems, their usage pattern and performance, etc., influences
the energy behavior of a building [2]. Considering the complexity of the problem,
accurate energy consumption prediction is not an easy task. Traditional analytical
methods do not seem to be dominating here, as they become computationally very
intensive and also very difficult to consider a huge number of variables [5]. Thus,
it has become necessary to move toward data-driven machine learning techniques
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[6–9]. Regression methods of machine learning techniques can be used to build a
regression model of energy use. It can also be used to understand the relationships
between various variables and their importance [3, 10]. This energy load prediction
models can be used for various applications like to detect unusual energy consump-
tion, in demand side management, to take decision input for building performance
simulation analysis, etc. In the methodology adopted, authors have compared three
machine learning models, random forest, SVM and ANN, to predict the appliances
energy prediction from the publicly available dataset provided by [1].

2 Data Acquisition

2.1 Data Description

The house of which energy consumption data are collected is located in Stambruges
in Belgium. It is a low energy consumption house which has an annual heating and
cooling load of less than 15 kWh/m2. Total floor area of the house is 280 m2. The
house was occupied by four people consisting of two adults and two teenagers. The
energy (Wh) datawere logged every 10min for the appliances. To capture the varying
energy consumption more accurately, 10 min reporting interval was chosen. Lights
combined with relative humidity seems to be good predictor of room occupancy.
Thus, another sub-metered lights load is included. Data are recorded for 137 days,
and high variability can be seen in appliance energy consumption as can be observed
from Fig. 1.Weather data are taken from the nearest airport weather station (Chièvres
Airport, Belgium) which is 12 km from the Stambruges house. Linear interpolation
is done at 10-minute intervals for this data [1]. A ZigBee wireless sensor network
used for monitoring the house temperature and humidity conditions with an accuracy
of ±0.5 °C for temperature and ±3% for relative humidity. In total, 31 features are
used for the prediction of household energy appliances out of which some statistical
parameters are generated from the date/time variable like the number of seconds
from midnight for each day (NSM), the week status (weekend or workday), and the
day of the week.

2.2 Exploratory Analysis

Some important features are generated from other features. Theweek status (whether
the day is weekday or weekend), the day of the week, and the number of seconds
from midnight (NSM) are generated from date time feature. In this analysis, our
target variable is appliance energy consumption with three conditions. It is very
important to understand the trend of variation of appliance energy with respect to
time for selecting the model to establish relation between target variable and other
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Fig. 1 Appliance energy consumption for a Whole period b 1 Week c 1 day [1]

predicting features. Figures 1 show how appliance energy consumption varies with
different time intervals.

3 Regression Modeling Using Machine Learning
Techniques

3.1 Performance Measurement

Various performance metrics are used for the purpose of comparison of each of
the regression models [1, 12]. Metrics considered are coefficient of correlation (r),
Mean Absolute error (MAE), root mean squared error (RMSE), relative absolute
error (RAE), root relative squared error (R2).

r =
∑

(x − x̄)(y − ȳ)
√∑

(x − x̄)2
∑

(y − ȳ)2
(1)

MAE =
∑|x − y|

n
. (2)
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RMSE =
√

∑
(x − y)2

n
(3)

RAE =
∑|x − y|
∑|x − x̄ | (4)

R2 =
√∑

(x − y)2
∑

(x − x̄)2
(5)

3.2 Data Division and Model Generation

Different subsets were created from the original dataset and used for evaluating
the performance of regression models with various subset of predictors. Three data
subsets were created:

(1) All records (2) No light (3) Light. These data subsets are created based on the
absent or presence of feature light. In first data subset, all the records are considered.
In the second data subset, records with zero value of light feature are only included.
While in third data subset, records with zero value of Light features are excluded
from all data records. The data sets were divided into two parts: training and testing
data in which 70% of data used for training and 30% data used for testing.

Three machine learning algorithms are used for model training and testing:
Random forest, artificial neural network, and support vector machine. The random
forest model is a tree-based classifier and the final predictions are based on the
weighted output of several regression trees. Each tree is built with a random sample
of selected features. This is because to decorrelate the trees and to improve prediction.
Support vector machine (SVM) can use different kernels. Here, radial basis func-
tion kernel is used, as it has some numerical advantages. Artificial neural network
(ANN) is inspired by the biological neuron present in human and animal brains. This
type of systems iteratively improves the performance generally without task-specific
programming. In our cas, multilayer perceptron (MLP) is used which belongs to feed
forward artificial neural network (Table 1).

Table 1 Training and testing
data set

Training Testing Total

All Records 13,814 5920 19,734

No lights 5231 1373 6604

Lights 3138 1345 4483
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4 Results and Discussion

Regressionmodels are trained using three different techniques: Random forest, artifi-
cial neural network, and support vectormachine.After training the regressionmodels,
testing is done. All three regression models are assessed for both training as well
as testing by using five various statistical parameters [1, 4, 11, 12]. In the case of
coefficient of correlation, higher is better considered for model evaluation as it repre-
sents the trend of regression model with actual data. For training of model, random
forest gives highest value of correlation coefficient. Also, all the four types of errors
are less for random forest as compare to ANN and SVM for all the three cases,
as seen from Tables 2, 3 and 4. Thus, it can be observed that in our experiment,
for training of random forest, better results are observed than ANN and SVM. For
testing of regression models, again random forest gives highest correlation coeffi-
cient among all the three regressionmodels. Also, all errors are less in case of random
forest method. Thus, it can be observed that in the methodology used, random forest
method is proven to be better for both training and testing as compare to artificial
neural network and support vector machine. It should be considered that for training
the regression model, support vector machine technique takes highest time among
the above three methods being computationally more intensive and artificial neural
network is the fastest one, while random forest remains in between the above two
methods for time requirement.

Table 2 Model performance considering all records subset

Performance parameters Random forest ANN (MLP) SVM (RBF)

Training Testing Training Testing Training Testing

Correlation coefficient (r) 0.98 0.98 0.64 0.63 0.41 0.40

Mean absolute error (MAE) 9.47 10.28 42.15 45.76 36.60 39.92

Root mean squared error (RMSE) 21.40 22.65 74.79 80.46 88.62 94.35

Relative absolute error (RAE) 18.06 18.25 80.35 81.22 69.77 70.86

Root relative squared error (R2) 23.37 23.24 81.66 82.57 96.75 96.82

Table 3 Model performance considering no light subset

Performance parameters Random forest ANN (MLP) SVM (RBF)

Training Testing Training Testing Training Testing

Correlation coefficient (r) 0.98 0.97 0.69 0.68 0.40 0.42

Mean absolute error (MAE) 9.23 9.43 39.77 34.43 35.22 39.19

Root mean squared error (RMSE) 21.89 21.46 75.75 67.71 87.08 96.61

Relative absolute error (RAE) 17.34 18.33 73.07 68.36 69.93 72.0

Root relative squared error (R2) 22.08 23.90 75.40 76.40 96.97 97.44
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Table 4 Model performance considering lights subset

Performance parameters Random forest ANN (MLP) SVM (RBF)

Training Testing Training Testing Training Testing

Correlation coefficient (r) 0.97 0.97 0.69 0.69 0.36 0.35

Mean absolute error (MAE) 15.89 15.95 46.54 45.94 51.67 52.04

Root mean squared error (RMSE) 29.98 30.63 81.69 82.68 109.90 111.66

Relative absolute error (RAE) 23.44 23.22 67.10 68.40 67.10 75.93

Root relative squared error (R2) 27.02. 27.20 73.42 73.63 99.16 99.05
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Review of Effect of Nanofillers on FRP
Composites

Tanmay Bansal, Suraj Malik, Tushar Batra, Munna Shah, Anurag Gupta,
and K. L. A. Khan

1 Introduction

Manufacturing engineering materials with high performance from nanoparticles is
one of the aspiring goals currently being followed by researchers across the globe.
Nowadays, polymer nanocomposite materials are developed with the embodiment of
nanofillers, such as nanoparticles, nanotubes, nanofibers. In addition, better diffusion
of these fillers within the matrix gives high-performance nanocomposites; moreover,
the properties of the nanoscale filler are remarkably higher apart from the basematrix.
Composites are strong as well as light; this is highest advantage of composites. The
two discrete components are mixed together in which one is the binder and the other
is the matrix. Reinforcement surrounds and binds together fibers and fragments of a
compositematerial.Matrix is normally less hard andmoreductile. It detains dispersed
phase and contributes a loadwith it.Matrix has dispersed phase implanted in an inter-
mittent form. The dispersed phase is the secondary phase. Dispersed phase is usually
longer then the matrix; consequently, it is sometimes known as reinforcing phase [1].
Fillers are added to the matrix in order to improve surface finish of composite mate-
rials as surfaceswithout fillers could become coarse and cause decrease inmechanical
properties. Adding CaCO3, glass fiber, and carbon black improves stiffness, elastic
modulus. Adding silica, CaCO3 as fillers in polyester resin matrix lessens tensile
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strength in the span of 3–15% for 25–50% fillers in hand layup technique. Tensile
strength as well as modulus of composites doped with carbon black and carbon
fiber rises with increasing the filler contents; however, impact strength as well as
elongation at break is seen to be reduced [2].

2 Nano-SiO2-Based Epoxy Composites

Modified nano-SiO2 is more effective than the standard SiO2 as it has better tensile
properties as well as impact properties because of the large specific area with active
groups on surface of nanoparticles. Comparable behavior has been exhibited for the
toughness of epoxy resin-based composites with nano SiO2 as well as standard SiO2

[3]. On mixing nanosilica powder with resin, there is a 23% increment of ultimate
tensile strength at 5 wt.% and impact strength rises to 10 J/mm2 at 10 wt.% Also,
the fatigue life cycle increment to 14 × 105 cycles at 6 wt.% It demonstrated some
significant impact on the electrical breakdown strength of the epoxy composites.
Nanoparticleswith saline coupling agent enhance themolecular interactions between
the epoxy and nanoparticles. The softening point has been discovered to rise however
coefficient of thermal expansion, and dielectric constant reduces with rise in SiO2

content. Therefore, the breakdown strength of the modified nanoparticles is more
than that of the unmodified one [4]. It was found that the softening point T s rose by
raising SiO2 content; however, dielectric constant as well as coefficient of thermal
expansion reduced [5].

3 TiO2 Nanofiller-Based FRP Composites

Nano-TiO2 is inorganic filler which when added to FRP composites improves the
mechanical properties of the composite.Wisnom did several explorations on residual
strength, thermal properties, and water sorption of FRP composites by addition of
TiO2 particles. The outcome showed that by adding 0.1wt.%TiO2 thewater diffusion
coefficient got decreased by 9%, residual flexural strength increased by 19%, and
as well as residual interlaminar shear strength increased by 18% in the number
of all TiO2-based composites. This provides opportunity for the improvement of
mechanical properties in many engineering applications [6]. According to Nayak
and Ray for composites having 0.1 wt.% of the nano-TiO2, after seawater aging,
the flexural strength got improved by 15%. This occurs because of the improved
interface/interphase bond which occurs between fiber and the matrix. Thereafter,
increasing the nano-TiO2 content results in agglomeration of nanoparticles within
the matrix because of the van der Waal’s forces acting between two nanoparticles
[7].
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4 Al2O3 Nanofiller-Based Composites

Useful procedures for the preparation of Al2O3 and other nano-oxide-based
nanocomposites of conducting polymers from water-soluble/insoluble monomers
and of binary polymers were developed. The hardness of the composite got
better by the presence of Al2O3 fillers [8]. These materials were characterized by
improved thermal stability compared to base polymer. All these composites exhib-
ited DC conductivities in the order of 10–5 to 10–7 s/cm for the PNVC (poly-
N-vinylcarbazole)-based composites and 10–2to 10−4 s/cm for the PPY (polypyr-
role), PANI (polyaniline) and PTP (polythiophene)-based systems. TEM analyses
confirmed the formation of particles in the nano-order (20–500 nm) range depending
upon the nature of the oxide and polymer used. These composites produced aqueous
dispersion of varying stabilities depending upon the nature of the polymeric compo-
nent in the composites [9]. The impact strength and hardness Rockwell were
increased up to 300 and 400%, respectively, as compared to the pure HDPE. The
nano-Al2O3 is generally more efficient for the betterment of the impact strength [10].

5 Carbon Nanotubes (CNT)-Based Composites

According to Zhu et al. [11, 12] using single-walled carbon nanotubes (SWCNT) as
nanofiller to reinforce the epoxy resin, it was noted that it exhibited some remarkable
outcomes. An improvement in the mechanical properties and dispersion was exhib-
ited by the addition of 1.0 wt.% of functionalized nanotubes to the composites. This
resulted in 30% rise in modulus as well as 18% rise in tensile strength. According to
Feng et al. [13], the tensile and dynamic properties got improved by the addition of
SWCNT into the matrix. SWCNT when added on 39.1 wt.% loading, the tensile as
well as Young’s modulus was raised by 183 and 408%, respectively, when kept side
by side to neat epoxy. Hsieh et al. explored the effect on the fatigue behavior as well
as fracture toughness of a thermosetting epoxy polymer by the volume content of
multi-walled carbon nanotubes (MWCNT). Several uniaxial tensile tests were done
to found the mechanical properties of nanocomposites. It was found that mode I frac-
ture toughness as well as stiffness behavior got raised by raising MWCNT content
value [14].

6 CaCO3 Nanofiller Composites

The tensile strength of composite increaseswith the decrease in the content ofCaCO3,
because of the void formation owing to clustering of nano-CaCO3 particles. Impact
strength also decreases with increase in concentration because agglomeration of
fillers, thereby generating the increase in void space which is responsible for stress
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propagation [15]. The highest erosion wear rate is at 90 impingement angles. With
addition of CaCO3 nanofiller, the resistance to impact loading increases and it also
increases the hardness of the material. Hardness of composites increases by 116.16
HV. By increasing the weight percentage of the filler quantity, the ultimate tensile
strength as well as flexural strength of the composites reduces. A new variety of
CaCO3-filled epoxy-based composites has been efficiently fabricated by the help of
hand layup technique. When CaCO3 is added in 10 wt.%, it increases the impact
energy to 6 J because of the interfacial bonding in between matrix material and
particulate fillers [16].

7 SiC Nanofiller Composite

Kaundal et al. [17] studied the consequences on physical properties, erosion
behavior, and impact strength of nano- SiC- loaded short glass fiber on reinforced
polymer composites. Polymer composite reinforced with nano-silica carbide showed
enhanced erosion resistance when kept side by side with unfilled polymer compos-
ites. Silica carbide was added in 10 and 20 wt.% to polymer composites. Unfilled
polymer composites show the maximum erosion taking place at 600 impingement
angle, whereas silica carbide filled composites shows the maximum erosion taking
place at 75° impingement angle. It can be concluded from the investigation made
by Kaundal et al. that nano-silica carbide fillers was able to enhance the erosion rate
of the material when compared to the unfilled FRP composites. This allows further
improvement and advancement to occur in this field of nanofillers in future.

8 Graphene Nanofillers-Based FRP Composites

According to Qiu et al. [18] the crack propagation was prohibited because a large
value of plastic deformation was generated by the presence of grapheme oxide (GO).
The deformation and the structure of grapheme were explored thoroughly by using
Raman spectroscopy [19]. The number of layers in graphene films was discovered
by this method. Tang et al. [20] explained that Young’s modulus was increased by
2.3% by incorporating 0.05 wt.% of reduced graphene oxide (RGO), for the good
dispersion level. According to Bordz et al. [21], Young’s modulus got improved
by 6% on 0.5 wt.% loading. The stiffness was also improved by rising the loading
content; also, the maximum value of UTS was seen at 0.5 wt.% loading. The highest
increase was seen at 0.5 wt.% graphene content which showed the maximum value
for stiffness as well as the strength.
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9 Carbon Black Nanofiller Composite

The epoxy resin utilized in this work is diglycidyl ether of bisphenol A (DGEBA)
which is a liquid epoxy resin which shows more than 75% of the resin usage in
applications. It is heat treated. Tensile strength of composites reduces with rise in
carbon black content due to increase of hardness with rise in carbon black percentage
[22]. It increases the thermal properties of the composite and makes the composite
fire resistant up to some extent. The carbon black can retard fire in less than 30 s when
added in appropriate weight percentage with respect to the amount of composite. By
consolidating an alternative high surface area or lower surface area carbon black in the
resin, the electrical conductivity was achieved in the inner core [2]. Appropriate self–
monitoring properties was showed by only one type of material, since at increased
loading rise in electrical resistancewas seen.Compared to epoxy/inorganic nanofiller,
composite carbon fiber composites are employed more frequently and effectively in
defense-related applications [23].

10 Conclusion

• Nanoparticle type affects the flexural, interfacial as well as vibration properties
of composites which enhance the flexure strength as well as interfacial bonding.
Al2O3-based composites produced aqueous dispersion with varying stabilities
depending upon the nature of the polymeric components in the composites.

• In silica-based epoxy nanocomposites for electrical insulation dielectric prop-
erties has been improved. Ultimate tensile strength as well as flexural strength
of composites reduces with rise in weight percentage of filler content also these
values are less than unfilled epoxy composites.

• The enhancement of the properties depends upon the amount or concentration of
nanofillers added and also on the distribution of the nanofillers on the composites.
Carbon black fillers increase the hardness, and the fire-resistant properties of the
composites are greatly enhanced.

• The tensile strength of the composites can possibly be enhanced by utilizing
smaller particle magnitude of CaCO3 and carbon black.

• Increase in flexural strength was remarkably seen in FRP composites after adding
TiO2 nanofillers. It also showed reduction in water diffusion coefficient as well
as increase in the residual interlaminar shear strength.

• Several tests results show that by adding CNT nanofillers in different forms,
improvement in mechanical properties like tensile strength was observed. Also,
dispersion of the composite was improved.

• An increase in Young’s modulus was observed by adding graphene nanofillers.
The increase in stiffness and themaximumvalue of UTSwas observed at 0.5wt.%
loading of graphene nanofillers.
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• It can be concluded from the investigation made by Kaundal et al. that nanosilica
carbide fillerswere able to enhance the erosion rate of thematerial when compared
to the unfilledFRPcomposites. This allows further improvement and advancement
to occur in this field of nanofillers in future.
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A Review of Nanofiller Coating on FRP
Composites

Vijay Singh Parihar, Ankit Baranwal, Vikas Gautam, Shikhar Bajpai,
Anurag Gupta, and K. L. A. Khan

1 Introduction

In the present times, the composite material incorporated with nanofillers like
nanotubes, nanoparticles, nano-clays and incorporation of nano-reinforcement with
elastomers, which improve the mechanical properties along with thermal properties
and adhesion rheological behaviors [1, 2]. When we use these fillers with nanocom-
posites, higher results are produced than that of basematrix.McCrum gives a sugges-
tion that it is a very important description for showing the effects of reinforcement,
i.e., the ratio of surface area to volume reinforcement [3]. Recently in epoxy coating
adhesive behavior of nanomaterials enhance the properties of composites. We know
that nanoparticles cover more active surface composition. By the study, we can say
that nanoparticles improves the strength, stiffness and toughness of resin composites
[4]. Pavia and Cartin [5] suggested that “the development of nanofiber and nano-
/micro-hybrid CMCs ought to be steered by an accurate understanding of the under-
lying toughening/strengthening mechanisms imparted by the nanofibers because
these properties rely upon several system andmaterial parameters.” Compositemate-
rials are finding wide spread applications in commercial enterprises in light of their
excellent properties like ease of creation, environment friendly, chemical and erosion
resistance, high quality, solidness, light in weight and economically productive prop-
erties. Researchers always try to enhance the properties of materials. Epoxy compos-
ites are widely used in mechanical engineering, electronics/electrical engineering
applications, aerospace and aviation fields and also in chemical industries [6, 7].
There are many reinforcements that can be added to polymers for the enhancement
of properties like glass particles, ceramic particles, layered silicates, metal particles
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and thermoplastics. Sometimes ceramic nanoparticles like clay, graphene and carbon
nanotube (CNT) are also added to toughen the epoxy resin by plastic void growth,
crack pinning, etc., with a simultaneous increase in strength and modulus with no
drastic effect on glass transition temperature. If fillers are added in larger weight
percentage, then a noticeable improvement in toughness of epoxy matrix will also
be seen [8]. When fiber-reinforced polymers (FRP) is used as a reinforcement in
concrete, then it is considered as a good alternative over steel bars. The interface
bond of steel bar reinforcement is different than the FRPs reinforcement bars. The
interface bond of FRPs reinforcement with concrete is very complex [9].

2 Coating of Cellulose Nano-crystals on Short Glass Fibers

Automotive and marine organizations are using short glass fiber (SGF) polymer
matrix composites (PMC) in various form because of their stiffness and high specific
strength. Contribution of lightweight PMC in automobile sector is such that a little
amount of weight reduction increases the fuel efficiency of that vehicle so these
materials are used as a step toward reducing the weight of the vehicle [10]. As
we increase the density of nanoparticles in the surface area, then as a result the
mechanical property of that composite with other constituents is also increased [11].
We use cellulose nanomaterials (CNs) as an alternative nanoparticles that are used to
increased the properties of glass fiber polymer matrix composites. CNs are cellulose-
based nanoparticles which can be found from marine animals, plant and algae. We
have discovered many cellulose nanomaterial (CNs) that can be divided on the basis
of cellulose source and their extraction methods. There are various property of many
cellulose nanomaterials (CNs) are similar to each other because alike arrangement
of cellulose chains along the crystal length [12]. Various characteristics of CNs like
elastic modulus, tensile strength, low density and high surface area are unique and
make them attractive for other materials [13].

2.1 Enhanced Properties

2.1.1 Fracture Surface Morphology

Field emission scanning electron microscopy (FE-SEM) technique was used to
analyze the fracture surface of the composites which are failed in tensile testing.
Interfacial debonding mechanism is the most failure mechanism for uncoated glass
fiber epoxy composites. Fiber breakage, matrix cracking, interfacial debonding and
concurrent matrix cracking were the main failure mechanism for CNC-coated epoxy
composites [14]. A rough fracture surface for coated glass fiber composites compared
to same uncoated glass fiber composites with smooth fracture surface gives a better
adhesion between fiber and matrix.
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2.1.2 FElastic modulus of CNC-Coates

Elastic modulus of CNC-coated GF was enhanced by 10% for 1S-30GF/epoxy
composites in comparison of uncoatedGF/epoxy. According toHashin “the presence
of CNC increases the stiffness of the GF/epoxy interphase” [15]. Stress transfer with
a faster rate across the matrix interface results the higher modulus for the imperfect
interface composite [16]. Composite macroscopic modulus is increased by the incre-
ment in the apparent modulus of the GF/epoxy interphase. In our current study, we
can say that higher value of macroscopic modulus of the composites is the result of
enhancement in the apparent modulus of the GF/epoxy interface [17]. Increase in the
tensile strength reflects the higher value of interfacial shear strength (IFSS) which
results the better stress transfer across the fiber/epoxy interface [18]. It is observed
that at the same CNC content enhancement in the flexural properties was larger than
the enhancement in the tensile property. It is noted that in most of the epoxy systems,
flexural strength is higher but flexural modulus is lower than tensile modulus [19].

2.1.3 Interfacial Properties

The load transfer across the glass fiber (GF)/cellulose nanocrystals (CNC) can be
modified by changing the interfacial shear strength (IFSS) and fiber critical length.
There is a reduction in interfacial shear strength (IFSS) due towhich the concentration
of cellulose nanocrystals (CNC) suspension increases [20]. Reduction in the value
of IFSS indicates that stress transfer efficiency of CNC coating has been reduced.

2.1.4 Dynamic Thermo-mechanical Properties

Table 1 contains the mechanical and dynamic thermal properties of the compos-
ites above and below the Tg. storage modulus (E) of 1S-30GF/epoxy, and 1.5S-30
GF/epoxy composites can be enhanced by CNC coating on the GF roving at 25 °C.
Due to the presence of CNC particles, the increment of storage modulus at 25 °C
attributes to stabilize the glass fiber interphase [21]. At the temperature of 90 °C,

Table 1 Viscoelastic properties of CNC-GF/epoxy composites in three point bending mode [23]

Composite E’ at 25 °C (Mpa) Er at 90 °C (MPa) Tg °C Tanδ at Tg

30GF/epoxy 4932 ± 586 250 ± 21 50.3 ± 0.7 0.61 ± 0.06

1S-30GF/epoxy 5213 ± 543 224 ± 31 49.4 ± 0.5 0.61 ± 0.02

1.5-30GF/epoxy 5614 ± 695 228 ± 22 50.2 ± 0.8 0.65 ± 0.07

2–30GF/epoxy 4634 ± 257 243 ± 38 49.5 ± 1.1 0.59 ± 0.02

E Storage modulus, ET Rubbery modulus, Tg Glass transition temperature measured in tanδ peak,
Tanδ Value of tanδ peak. Note Error bars are 1 standard deviation
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CNC-coatedGFhas lower value of rubberymoduli (Er) than that of composite having
uncoated GF. Rubbery modulus is not affected by coating of GF with CNC [22].

3 Sand Coating on GFRP Bar

This coating contains GFRP bars which are made of orthophthalic polyester resin
reinforcedwith glass fiber. In this coating, used rods were nominal diameters of 9 and
16 mm. According to ASTM 391, Youngs modulus and tensile strength of 9 mm bars
are 44.5 GPa and 770 MPa and 41.4 GPa and 680 MPa for 16 mm bar, respectively
[24]. Two different granulometries were used for the coating of smooth rods. ASTM
C 778-02 was used for determining the sand granulometry. To check bond ability of
concrete with FRP bars, we use two concrete named as conventional concrete (CC)
and high resistance concrete (HRC).

3.1 Effect of the Concrete Strength

Conventional concrete (CC) presents an initial linear increase in the bond stress for
smooth bar upto 1 MPa. Friction and a weak chemical bond provide load transfer.
Pressure load transfer also depends on transverse pressure. Friction resists the slip
by which bond stress increases slowly [25]. Sanded bars included in HRC show
maximum bond strength than that in CC.

3.2 Effect of Length Embedded

Surface of bar shows an important character because bond strength depends on length
of bar. Smooth bar shows same bond strength for different lengths [26].

3.3 Influence of bar Diameter

The effect of bar dia on bond strength is evaluated by the average bond stress relation
obtained from the bars of 9 and 16 mm including both conventional concrete and
high resistance concrete. Stress distribution depends on the pull-out test, and it is
nonlinear along the bar [27]. Low bond strength is found in the larger bar diameters.



A Review of Nanofiller Coating on FRP Composites 423

3.4 Effect of Surface Modification

Sand provides higher friction and interlock forces. Coating of sand on the surface of
bar improves the mechanical property. Sand on the surface of bar also improves the
bondability between concrete and bar surface [28]. Higher bond strength is found
from coarse sand as it results more interlocking force and friction. In pull-out test,
coating upon coarse sand is remained attached to the bar surface while in coating
of fine sand upon the bar is removed completely from bar surface. This shows that
bond between the concrete and bar is weaker in coarse sand than the fine sand [29].

4 Conclusion

The study of coating of cellulose nanocrystals on short glass fiber introduces coating
of CNC on glass fiber (GF) that improves the IFSS, and it also improves mechanical
property of or epoxy composites and short glass fiber. All the properties are enhanced
without increasing the weight. Due to CNC coating, the stress transfer ability and
interfacial adhesion of composites are enhanced. Tensile and flexural properties of
GF/epoxy composites are increased by CNC coating. All the results shows that
mechanical properties of GF/epoxy composites can be enhanced by coating of CNC
on GF.

The study of sand coating on GFRP bar is done to find out the possibility of using
GFRP bar with concrete structure. From this coating, we found that bond strength
for short length bar doubled that of long length bar. Bond strength is not clear for
the thicker diameters of bar. When bar is sand coated, strength of matrix results to
a higher bond strength and it is independent of bar diameter. Higher bond strength
between the concrete and the bar achieved due to interlocking force and frictionwhen
coating of coarse sand is done on bar.
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Active Suspension System Modeling
for a Passenger Car Subjected
to Random Road Profile Inputs

Mohd Avesh and Rajeev Srivastava

1 Introduction

Suspension system is an important part of the road vehicle that had been extensively
using since the beginning of 1800 [1]. The consistent technical developments resulted
in advance suspension system with complex control algorithms [2, 3]. Its prime task
is to isolate the vehicle body from road disturbances, jolts and the engine produced
vibrations to help to provide the safe and a comfortable ride with better driving
control [4, 5]. Road roughness, bumps and breakers create the disturbance to the
vehicle that has to be overcome at maximum as possible [6]. Ride comfort and road
holding are two main factors that have to be improved for better safety and durability
of the vehicle [7]. Thus, suspension system design is an art of compromise between
these two goals that fairly reduces the disturbance to the outputs [3, 8].

The proposed active suspension system is expected to exhibit better character-
istics than the conventional one. A hydraulic actuator is placed vertically between
sprung and unsprung mass, which power is governed by some disturbance feedback-
based control laws to generate the required force in the system. The actuator is a
force-generating element of active suspension that compensates the road transmitted
disturbances by developing active vibration control phenomena; an obligatory force
(uf) is developed by the pressure difference across the hydraulic actuator. Further,
a traditional PID controller has to model to implement in the suspension system
to control the actuator’s force. A two degree of freedom quarter-car suspension
system has been constructed mathematically using nonlinear approach to apply the
phenomena. A simplest quarter-car theoretical model is shown in Fig. 1, in which
the hydraulic actuator with conventional spring and damper have been supported
the car body. MATLAB SIMULINK platform would be utilized to simulate the
model under the applied design parameters [9]. Ride comfort and stability criteria

M. Avesh (B) · R. Srivastava
Motilal Nehru National Institute of Technology, Allahabad, Prayagraj, India
e-mail: mail2avesh@gmail.com

© Springer Nature Singapore Pte Ltd. 2021
M. Muzammil et al. (eds.), Recent Advances in Mechanical Engineering, Lecture
Notes in Mechanical Engineering, https://doi.org/10.1007/978-981-15-8704-7_53

427

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8704-7_53&domain=pdf
mailto:mail2avesh@gmail.com
https://doi.org/10.1007/978-981-15-8704-7_53


428 M. Avesh and R. Srivastava

Fig. 1 Simplest form of
quarter-car model

are applied to measure the performance improvements. The road disturbance model
developed mathematically for the road surface of class D, for which the international
standard roughness criteria has been followed [10]. The main inputs to the model are
inertial force, road disturbance and spool displacement [11].

2 Model Construction

A commonly used two degree of freedom quarter-car model has been developed with
system nonlinearities. The elemental, as well as entire system response, has been
perceived through the experiments and numerical simulations. Passive suspension
components are naturally modeled as numerical function of motion; for example,
spring is the function of displacement and the damper is a function of velocity. The
vertical displacement has been obtained from the difference between wheel travel
and the sprung mass movement. The main disturbing inputs to the system are road
excitations that typically develop the vertical dynamic forces and displacement in
the vehicle body. The resulted model excited under a very poor road of class D. To
get the time response under the applied inputs, the mathematical model transformed
into a SIMULINKmodel and further simulated for the variable operating conditions.
The blocks for various parameters are available in the SIMULINK library.
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2.1 Quarter-Car Model

The different motions and degree of freedom of the discrete quarter-car suspension
system signify through graphical representation in Fig. 2. Key parameters like sprung
mass, unsprung mass, spring stiffness, damping coefficient are denoted by ms, mu,
ks and cs, respectively. The tire behavior is also simplified as spring and damper.
The nonlinear behavior of the model is governed by the equations of the motion.
Equations 1–6 are derived by balancing the vertical forces in which Eqs. 1 and 2
describe the behavior of sprung and unsprung mass, respectively.

ms z̈s = Fss(zs, zu, t) + Fsd(żs, żu, t) (1)

muz̈u = −Fss(zs, zu, t) − Fsd(żs, żu, t) + Fts(zu, zr , t) + Ftd(żu, żr , t) (2)

Fss(zs, zu, t) = ks(zs − zus) + ζks(zs − zu)
3 (3)

Fsd(żs, żu, t) = cs(żs − żu) + ζcs(żs − żu)
2sgn(żs − żu) (4)

Fts(zu, zt , t) = kt (zt − zu) (5)

Ftd(żu, żt , t) = ct (żt − żu) (6)

Fig. 2 Proposed quarter-car
model of suspension system
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Fig. 3 PID controller structure

The vertical movement of the sprung mass, unsprung mass and tire is represented
by zs, zu and zt , respectively. The term ζ represents the nonlinearity of the spring and
damper.

2.2 PID Controller

The proportional integral derivative (PID) control scheme is applied to the derived
model of suspension system to regulate the actuation input–output in order to reduce
the car body displacement. The road disturbance and the car cabin load are the
feedback inputs to the controller. There is no separate reference input added in the
control loop. The actuating force uf provides equal and opposite reaction into sprung
and unsprung masses for disturbance compensation. The control law is characterized
by Eq. 7. The basic structure of PID control and the control loop of the proposed
system are shown in Fig. 3.

r = KSV

[
−KPxc(t) − Ki ∫ xc(t)dt − KD

dxc(t)

dt

]
(7)

K sv is the scaling gain corresponding to the servo valve that is tuned by trial and
error.

2.3 Road Disturbance Model

The disturbance model for the suspension system has been created for Class D road
profile. Car is considered to be run at a constant velocity (v) of 60 km/h. The vehicle
velocity is a function of road profile excitations [12]. The resulted road surface inputs
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are governed by Eq. 8.

żt = −2π f0zr + 2π
√

Φ0vw0 (8)

For class D surface, Φ(n0) = 1024 ∗ 10−6 m2/(m/cycle)

3 Simulation Outcomes

The time–domain analysis at MATLAB SIMULINK platform is carried out to make
the performance comparison of active and passive suspension systems. Several
parameters have been adopted to check the consistency of the results in different
working conditions. The random road inputs at roughness quality under class D are
applied that yields the dense responses of the measuring parameters. Thus, the root
mean square (RMS) values of the parameters have to be computed for clear analysis
of the responses under the applied parameters. The evaluation of system performance
has been carried out using comfort and stability performance indices [11].

From Fig. 4, the suspension defection (SD) peak values of ACTIVE-PID and
PASSIVE system are noted as 0.04512 m and 0.1267 m, respectively. The corre-
sponding wheel deflection values for ACTIVE-PID and PASSIVE design are

Fig. 4 Time response, (a) road input, (b) vertical body acceleration, (c) suspension deflection,
(d) wheel deflection
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0.1316 m and 0.1522 m. It shows that ACTIVE-PID design demonstrates the supe-
rior attitude toward vehicle road holding over the PASSIVE design. Similarly, for
comfort analysis, vertical body acceleration (VBA) time responses are compared and
the lower value of VBA is discovered for ACTIVE-PID design, i.e., 1.01 m/s2. The
pitch acceleration could not be discovered as the analysis carried out at quarter-car
model. Apparently, the ACTIVE-PID design has better control in suppressing the
acceleration of the vehicle body and in reducing the tire deflection.

4 Conclusions

The ride characteristics of a light passenger vehicle have been examined through a
simulation study, using a quarter-carmodel of suspension system subjected to random
road conditions. Thewheel response, suspension displacement and body acceleration
are the main factors of consideration that help to measure the performance in terms
of stability and comfort. The vehicle response has been plotted in the time-domain
and examined for characteristics comparison of proposed active suspension over
the passive suspension characteristics. A notable improvement in ride comfort and
vehicle stability has been observed as it reduces the maximum body acceleration and
travel by 74.3% and 62.8% of that of the passive suspension system, respectively.

The percentage reduction in passenger cabin acceleration and suspension travel
justifies the superiority of active suspension system over the passive suspension
system; improvements in both the parameters indicate the better ride comfort and
driving control of the vehicle.

The 2 degrees of freedom model used in the current study does not include a
few important aspects that potentially influence the system response. Therefore, it
is recommended to construct and use the half-car or full car model for vehicle ride
characteristics analysis in future research. The full car model possesses the important
linear and nonlinear parameters, and it also shows the axial (pitching), as well as
rotational (rolling) characteristics of the vehicle, that would improve the accuracy of
the analysis.
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Fabrication of the Composites
(AA6082-T6/SiC) by Using Friction Stir
Processing

Amit Kumar Gupta and Madan Mohan Puram

1 Introduction

There is a great demand for reduction of weight of material used in manufacturing
in aerospace and automobile industries. It shows that industries want to increase
strength-to-weight ratio. A number of research scholars and professor are working
on this to find out the best material. Metals like aluminum, copper, magnesium, etc.,
are found out, but these having very low strength. These metals directly cannot be
used, and processing of these metals should be done; after processing, these metals
convert into metal matrix composite [1, 2]. In stir casting process, we reinforce the
particles after melting of metal; in this process, distribution of particles in metal
matrix is very difficult. This reaction takes place between reinforcement and metal
matrix. So, uniform distribution of particles is not taking place [3]. An FSP work
has been done on various numbers of materials like AA6061, AA7075, AA5083,
AA6082, etc. [4]. In this paper, AA6082-T651 material is used. SiC particles are
used to reinforce in AA6082T651 to improve its properties [5].

Tool can be of HSS(M2), carbide and H13 material [6]. The first tool is fitted
in milling machine in jaw, and workpiece is fixed in fixture. FSP can be done on
whole surface, and it can be done on a groove made in the workpiece. In the groove,
reinforcement particles are filled. By FSP, particles reinforced in the metal matrix.
By FSP, properties of materials are improved [7].

After the literature survey, it was decided that AA6082-T651 material will be
used in the research. SiC particles will be used to reinforce in the matrix. Taguchi
L-27 orthogonal array will be used in the research. Output parameter will be
microhardness. Minitab software will be used for ANOVA analysis (Table 1; Fig. 1).
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Table 1 Working levels of
chosen parameters

Parameters Levels

1 2 3

Tool rotation speed (RPM) 520 970 1420

Groove width (mm) 2.5 3 3.5

Tool tilt angle (degree) 1 2 3

Pin profile Triangular Circular Pentagonal

Fig. 1 Schematic diagram of friction stir processing setup

The workpiece diagram is shown below, which was used for making FSP samples
(Figs. 2, 3, 4 and 5).

The following are graphs generated using ANOVA (Minitab software) (Figs. 6, 7
and 8).

Now, using the above analysis, optimum value of tool rotational speed, tool tilt
angle, groove width and tool pin profile can be found out. By these values, a optimum
composite can be made, and its tensile strength, impact strength and hardness and
structure will be optimum.

Fig. 2 Workpiece without
FSP
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Fig. 3 Circular tool

Fig. 4 Triangular tool

Fig. 5 Pentagonal tool
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Fig. 6 .

Fig. 7 .

Fig. 8 .
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2 Conclusion

Finally, it is concluded that AA6082-T651 material will be used in the research.
SiC particles will be used to reinforce in the matrix. Taguchi L-27 orthogonal array
will be very useful and recommended in the research. Four parameters, namely
tool rotation speed, groove width, tool tilt angle and pin profile with three levels, are
used. Outcome of the research is the latest parameters on the microhardness. Minitab
software will be used for ANOVA analysis. For this, we have discovered the new
thing which is the optimization of process parameters to enhance the microhardness
of AA6082T651/SiC composites fabricated via friction stir processing [8, 18].

References

1. Hosseini Zeidabadi, S.R., Daneshmanesh. H.: Fabrication and characterization of in-situ Al/Nb
metal/intermetallic surface composite by friction stir processing.PII:S0921–5093(17), 30302–
30307. https://doi.org/10.1016/j.msea.2017.03.014.

2. Pilchak, A.L., Juhas, M.C., Williams, J.C.: Microstructural changes due to friction stir
processing of investment-cast Ti-6Al-4V.Miner.MetalMater. Soc.ASMInt (2007). doi: https://
doi.org/10.1007/s11661-0069061-x

3. Khosravi, J., Beshrati Givi, M.K., Barmouz, M., Rahi, A.:. Microstructural, mechanical,
and thermophysical characterization of Cu/WC composite layers fabricated via friction stir
processing. Int. J. Adv. Manuf. Technol. doi: https://doi.org/10.1007/s00170-014-6050-x

4. Thangarasu, A., Murugan, N., Dinaharan, I., Vijay, S.J.: Microstructure and microhardness
of AA1050/TiC surface composite fabricated using friction stir processing. Sadhana 37(5),
579–586 (2012)

5. Khodabakhshi, F., Simchi, A., Kokabi, A.H., Nosko, M., Simancik, F., Svec, P.: Microstruc-
ture and texture development during friction stir processing of Al–Mg alloysheets with TiO2
nanoparticles. Mater. Sci. Eng. A 605, 108–118 (2014)

6. Li, J., Zhang, D.-T., Chai, F., Zhang, W.: Microstructures and mechanical properties of WE43
magnesium alloy prepared by friction stir processing. Rare Met. Rare Metals doi: https://doi.
org/10.1007/s12598-014-0306-3

7. Gan, W.Y., Zhou, Z., Zhang, H., Peng, T.: Evolution of microstructure and hardness of
aluminium after friction stir processing. Trans. NonferrousMet. Soc. China 24, 975–981 (2014)

8. Rathee, S., Maheshwari, S., Siddiquee, A.N., Srivastava, M., Sharma, S.K.: Process parameters
optimization for enhanced microhardness of AA 6061/SiC surface composites fabricated via
Friction Stir Processing (FSP). Mater. Today: Proc. 3, 4151–4156 (2016)

9. Kumar, S., Kumar, S., Kumar, A.: Optimization of process parameters for friction stir welding
of joining A6061 and A6082 alloys by Taguchi Method. In: Proceedings of the Institution of
Mechanical Engineers, Part C: Journal of Mechanical Engineering Science, vol. 227, (2013),
1150 originally published online 13 September 2012. doi: https://doi.org/10.1177/095440621
2459448

10. Dinaharan, I.,Murugan,N., Thangarasu,A.:Development of empirical relationships for predic-
tion of mechanical and wear properties of AA6082 aluminum matrix composites produced
using friction stir processing. Eng. Sci. Technol. Int. J. 19, 1132–1144 (2016)

11. Puviyarasan, M., Senthil Kumar, V.S.: Optimization of friction stir process parameters in
fabricating AA6061/SiCp Composites. Procedia Eng. 38, 1094–1103 (2012)

12. Dakarapu, S.R., Nallu, R.: Process Parameters optimization for producing AA6061/TiB2
composites by friction stir processing. J. Mech. Eng. 67(1), 101–118 (2017)

https://doi.org/10.1016/j.msea.2017.03.014
https://doi.org/10.1007/s11661-0069061-x
https://doi.org/10.1007/s00170-014-6050-x
https://doi.org/10.1007/s12598-014-0306-3
https://doi.org/10.1177/0954406212459448


440 A. K. Gupta and M. M. Puram

13. Singh, D.P., Singh, V., Kumar, S.:. Optimization of process parameters for friction Stirwelded
AA7075–SIC composite joints by Taguchi method. YMCAUST Int. J. Res. 4(I) (2016). ISSN:
2319-9377

14. Raweni, A.,Majstorovic, V., Sedmak, A., Tadic, S., Kirin, S.: Optimization of AA5083 Friction
Stir Welding Parameters Using Taguchi Method. ISSN 1330-3651 (Print), ISSN 1848-6339
(Online)

15. Anil Kumar, K.S., Karur, A.S., Chipli, S., Singh, A.: Optimization of FSW parameters to
improve the mechanical properties of AA2024-T351 similar joints using Taguchi method. J.
Mech. Eng. Autom. 5(3B), 27–32 (2015). doi: https://doi.org/10.5923/c.jmea.201502.06

16. RanjitBauri,DevinderYadav,C.N.ShyamKumar,G.D. JanakiRam.Optimizedprocess param-
eters for fabricating metal particles reinforced 5083 Al composite by friction stir processing.
Data Brief 5, 309–313 (2015)

17. Joyson Abraham, S., Chandra RaoMadane, S., Dinaharan, I., John Baruch, L.: Development of
quartz particulate reinforced AA6063 aluminummatrix composites via friction stir processing.
J. Asian Ceram. Soc. (2016)

18. Baurio, R., Janaki Ram, G.D., Yadav, D., Shyam Kumar, C.N.: Effect of process parameters
and tool geometry on fabrication of Ni particles reinforced 5083 Al composite by friction stir
processing. Mater. Today: Proc. 2, 3203–3211 (2015)

https://doi.org/10.5923/c.jmea.201502.06


Assessment of Barriers of Green Supply
Chain Management Using Structural
Equation Modeling

Somesh Agarwal, Mohit Tyagi, and R. K. Garg

1 Introduction

In today’s era, the major global problem arising is environmental degradation. Due
to the upsurge in the raw material and energy consumption, natural resources are
depleting at a very rapid rate. Moreover, pollution and waste production have also
been increased significantly. Therefore, concurrently, there are twin challenges for
the industries viz. competitive and environmental demands. The concept of GSCM
is thus generated due to the alarming environmental issues and emerging economic
opportunities. The assimilation of environmental concerns and the values of SC give
rise to GSCM [1].

In the last two decades, most of the multinational industry and SME are turning
toward GSCM for the sake of alarming environmental conditions. The demand for
GSCMhas risen nowadays as public awareness, environmental, economic or govern-
mental reasons. But it is not an easy assignment. To make a model of various inter-
related barriers to implement GSCM in Indian Rubber Industries and then validate
that model using SEM is the main objective of this research.

1.1 Motivation

GSCM is a very good practice to be done for dealing with and minimizing the
environmental issues that we are facing today. The boundary of GSCM is dependent
on the researcher’s goals and the problems which are at tips similar to the concept
of SCM. The very initial green SC came into the framework by Kelle and Silver’s
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[2]. Apart from the operations perspective, considerable work has been done to
facilitate the GSCM implementation in the industries at various stages by analyzing
the barriers for the implementation of GSCM. GSCM activities are constrained on
part of the suppliers by their unwillingness to support and lack of attentiveness. The
outdated mindset of the supplier firm is the main key, which reflects suppliers’ and
the total network interests as being. Government guidelines can inspire or depress
the acceptance of alterations.

Customers, investors and non-governmental organizations can be treated as
external drivers. Rao [3] explored the idea of GSCM by empirical survey initiative
in the Philippine context.

2 Review of the Literature

2.1 Supply Chain (SC)

SC is the progress of products as they move from their source to the end customer.
Regularly, a SC is additionally depicted by the term worth chain, which mirrors the
concept that worth is included along the chain.

2.2 Green Supply Chain Management (GSCM)

To minimize or reduce waste in the form of energy, emission, dangerous solid and
waste chemicals is the main aim of GSCM. The addition of the ‘green’ component
to SCM includes addressing the influence and connection between SCM and the
natural environment [4, 5].

The main aim of the organizations is to adopt GSCM practices to enhance their
environmental and financial performance [6, 7].

2.3 Structural Equation Modeling (SEM)

For testing and estimating the fundamental relationship, SEM approach is used by
a combination of statistical data and qualitative triggered assumptions. Unlike other
methods, number of variables and limitations are not a case for SEM; hence, it is
considered as the best approach. Jiang et al. [8] presented a new Bayesian nonlinear
SEM approach for the hierarchical valuation of dynamic systems, considering uncer-
tainty in predicted and measured time series. The proposed model and assumptions
were validated using SEM.Although the SEMapproach has been used by researchers
for numerous problems, the application of SEM to model a GSCM barrier system
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Fig. 1 Generic SEM model

has been found to be very limited. The application of SEM to a GSCM barrier model
has not been found in more practices. This research study was initiated in this context
(Fig. 1).

3 Problem Description

Due to environmental issues, GSCMfinds a great need in society. For that purpose, to
study the hindrances or barriers that organizations are facing in the implementation
of GSCM is the main objective of this research. For that, firstly, we should know
about which barriers are influencing the SC. In view, a lot of pollution is caused by
disposing of the waste rubber as they are burned after use which causes a lot of smoke
and pollution. So, there is an utmost need to reduce the wastes of rubber. For that,
recycling of rubber should be done. For that purpose, rubber industries are chosen
for reference. In this research, it aims to find the barriers which cause hindrances in
the rubber industry and then to validate these barriers using SEM.

3.1 Research Methodology

The objective of this research is to create a model by considering different barriers
of GSCM and evaluate them using structural equation modeling (SEM). For this,
barrier is identified which hinders rubber industries to adopt GSCM using survey
and expert opinion. Then, hypothesis has been developed relating to these barriers.
Data was collected using questionnaire-based survey and was analyzed using SEM,
and then, validation of hypothesis has been done. The result thus obtained will show
that the validated hypothesis will influence the system and vice versa.
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3.2 Identification of GSCM Barriers

GSCM is a very good practice to be done for dealing with and minimizing the
environmental issues that we are facing today. Many researchers contribute to this
topic, and they had found barriers related to different kinds of industries, namely
plastic, manufacturing, automobile, etc. (Table 1).

3.3 Methodology

Firstly, the research hypothesis was prepared based on the barriers related to the
implementation of GSCM in the rubber industry. Then, a questionnaire was prepared
to keep in mind the exhaustive and extensive factors in order to get the aware-
ness of the industry regarding GSCM. The data attained from the responses to the
questionnaire was analyzed using SEM with the help of LISERAL software.

3.4 Research Hypothesis

According to the available literature, the hypothesis has been synthesized considering
the barriers to the implementation of GSCM in mind. Each major barrier found by
the literature gives augmentation to each hypothesis as follows:

H1: Lack of top management support has a positive relationship with GSCM and
they hinder in GSCM practices.

H2: Inability or unwillingness to share information has a positive relationship with
GSCM and they hinder in GSCM practices.

H3: Inability or unwillingness to share risk and rewards has a positive relationship
with GSCM and they hinder in GSCM practices.

H4: Inflexible organizational system and processes has a positive relationship with
GSCM and they hinder in GSCM practices.

H5: Communication gap between management and shop floor workers has a positive
relationship with GSCM and they hinder in GSCM practices.

H6: Unawareness of customers has a positive relationship with GSCM and they
hinder in GSCM practices.
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Table 1 Identification of barriers

S. No. Barrier name Description Author

1 Lack of top management
support

The top management is the
only key for modifying the
existing system from all
points of consideration, but it
should not have any negative
impact on the system the
main objective

Luthra et al. [9], Tyagi
et al. [10]

2 Inability or unwillingness
to share information

When the information flow is
exaggerated by negligence or
unwillingness, a big disorder
is created in the process flow
and chances of further
development will decreases

Chen et al. [11], Roarty
[12], Jose [13]

3 An unwillingness to share
risks and rewards

If organizations are failing to
take risks, it implies failing
to progress and sometimes
even failing to grow. The
rewards should also be
shared, not enjoyed selfishly

Sharma [14]

4 Inflexible organizational
systems and processes

The organization should be
so designed that it can
rearrange itself for any
forthcoming changes

Jose [13], Klassen and
Whybark [15]

5 Communication gap
between management and
shop floor workers

There must not be proper
interaction and proper
understanding between
management and workers.
Also, it is due to
under-educated workers

Ravi and Shankar [16]

6 Unawareness of customers A most important type of
external pressure is customer
demand as they have to be
strictly followed by the
company

Zhu et al. [17]

7 Lack of training of
workshop floor workers

Continuous improvement is
a must objective which can
be achieved by training for
survival and excel in the field

Yu Lin et al. [18]

8 Incapable of achieving the
exact design standard

They are incapable of
achieving the same design as
that obtained by the simple
process

Hosseini [19]

(continued)
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Table 1 (continued)

S. No. Barrier name Description Author

9 Lack of financial supports High investment is needed by
green methods such as green
design, green manufacturing
and green labeling of
packing which in turn
upsurges the product cost

Klassen and Whybark
[15]

10 Cost implications The high investment
requirement by green
methodologies such as green
design, green manufacturing
and green labeling of
packing which in turn
increases the product cost

Hosseini [19], Mudgal
et al. [20]

11 High initial capital cost For the first implementation
of the setup, the high initial
cost is required

Hosseini [19], Mudgal
et al. [20]

12 High cost in managing
hazardous wastes

For the disposal of different
types of wastes, different
methods are used, which in
turn is an expenditure of a
bundle of money

Mudgal et al. [20]

13 Administrative and
financial burden of tax

The direct and indirect taxes
should be properly planned
and managed for better
financial consideration
within the reverse chain

Chen et al. [11], Jose [13]

14 Market competition and
uncertainty

Global competitiveness and
customer’s requirements give
rise to market uncertainties
and competency

Zhu et al. [17], Mudgal
et al. [21]

15 Lack of Government
support systems

No compensation to
industries from the
government for GSCM
implementation

Yu Lin et al. [18], Tyagi
et al. [22]

16 Lack of demand for GSCM The market demand for the
product is less

Mudgal et al. [21]
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H7: Lack of training of workshop floor workers has a positive relationship with
GSCM and they hinder in GSCM practices.

H8: Incapable of achieving the exact design standard has a positive relationship
with GSCM and they hinder in GSCM practices.

H9: Lack of financial supports has a positive relationshipwithGSCMand they hinder
in GSCM practices.
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H10: Cost implications have a positive relationship with GSCM and they hinder in
GSCM practices.

H11: High initial capital cost has a positive relationship with GSCM and they hinder
in GSCM practices.

H12:High cost inmanaging hazardouswastes has a positive relationshipwithGSCM
and they hinder in GSCM practices.

H13: Administrative and financial burden of tax has a positive relationship with
GSCM and they hinder in GSCM practices.

H14: Market competition and uncertainty have a positive relationship with GSCM
and they hinder in GSCM practices.

H15: Market lack of government support systems has a positive relationship with
GSCM and they hinder in GSCM practices.

H16: Lack of demand for GSCM has a positive relationship with GSCM and they
hinder in GSCM practices.

Then, for importance and the scale of each measure, the factor loading of each
measure on GSCM is verified, irrespective of the sign will give the influence of that
barrier ofGSCM.These values are used for arriving at the relativeweight of attributes.
To bring out the above process, the SEM model with LISREL symbolization can be
established by assuming the connection between the observed variables and their
underlying factors. Using LISREL notations, the hypothesized conceptual models
are presented.

We can summarize its configuration bywriting the series of Equations/statements.
The equations for model factor structure are as:

Y1 = λ1h1 + e1, Y2 = λ2h1 + e2, Y3 = λ3h1 + e3, Y4 = λ4h1 + e4 . . . Yn = λnhn + en

And vector form of the above equations can be written as:
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(1)

Also, summarization of the above lower-order structure can be:

Y = �Yη + ε (2)

wheremodel factor loadings are� the and error termsmeasurement is ε; thus, relative
influence or weight of attributes on barriers can be established by SEM.

The achieved results from LISREL for the model are depicted in Fig. 2

4 Results and Discussion

According to the results obtained from the model demonstrates optimistic values for
the entire path coefficient; at p < 0.05, all the t-values of the variables are statis-
tically important. Thus, according to Table 2, the structural model supports all the
16 hypotheses of the projected model. The influence of all the listed barriers for
GSCM has been proved by hypotheses H1, H2, H3, H4, H5, H6, H7, H8, H9, H10,
H11, H12, H13, H14, H15 and H16. So, the projected model explicated a substantial
percentage of variance in the barriers of GSCM. Thus, the SEM model confirms the
consistency of the proposed model and achieves an acceptable level.

5 Conclusion

In the research, SEM approaches were proposed to implement green SC in the Indian
rubber industry. This research is focused on the empirical validation of a real working
environment using the SEM approach. SEM examines a set of associations between
one or more independent variables (IV) and one or more dependent variables (DV).
Here, a model is presented for which all the barriers are validated using SEM. This
model validated the hypothesis made for the barriers, and it gives the right path for
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Fig. 2 Higher-order SEM model

the industries to work on. The Cronbach’s alpha value demonstrates the reliability
standard, which is greater than 0.96 for all criteria.

6 Managerial Implications

Researchers are confronted to provide a guide for selecting the technique that is
both theoretically well originated and almost operational to crack the real problems.
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Table 2 Results of hypothesis table

Hypothesis Casual-path Point estimates t-values Hypothesis support

H1 LMS 0.48 8.46 Yes

H2 IUCF 0.38 9.27 Yes

H3 USRR 0.42 8.88 Yes

H4 IOSP 0.58 12.42 Yes

H5 CGMS 0.63 10.9 Yes

H6 UOC 0.65 9.98 Yes

H7 LOTW 0.83 8.97 Yes

H8 IAED 0.57 9.8 Yes

H9 LFS 0.43 12.23 Yes

H10 CI 0.52 11.11 Yes

H11 HIC 0.44 10.23 Yes

H12 HCMW 0.53 9.89 Yes

H13 BOT 0.5 7.87 Yes

H14 MCU 0.6 8.86 Yes

H15 LOGS 0.36 8.85 Yes

H16 LOD 0.36 9.89 Yes

Result obtained shows that the barriers are hindering the supply chain performance for
rubber industries. Suggested framework provides the barriers which are influencing
the GSCM practices. This research provides an in-depth study of barriers and their
implication on supply chain performance.Managers anddecisionmakers are required
to implement GSCM keeping the above-mentioned barriers in mind.
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Microstructural and Wear Characteristic
of Fe-Based Nanostructured Hardfacing
Alloy

Pratibha Kumari, Mohd. Parvez, Kumari Archana, Subodh Kumar Sharma,
Dhananjay Pradhan, and Krishna Vijay Ojha

1 Introduction

To improve the wear resistant properties of any metal or alloy, the most prominent
technique used is hardfacing. Reduction in inventory, repair and remanufacturing is
some of the major benefits of hardfacing [1–3]. Among the commercial hardfacing
alloys, Fe-based alloys are extensively used because of its excellent mechanical
properties, good wear and corrosion resistance and optimum cost [4–6]. GMAW is
used mostly in fabrication processes due to its all position welding capability, easy
automation and can weld wide variety of steel and alloys [7], and one of the major
applications of surfacing by gas metal arc welding is hardfacing.

Therefore, the present investigation aims to ensure the acceptability of the
deposited Fe-based hardfacing alloy using gas metal arc welding GMAW by
extensive microstructure, hardness and wear study.

2 Materials and Methods

2.1 Materials

GMAW process was employed to deposit hardfacing alloy on low carbon steel
substrate of dimension 250 mm × 150 mm × 10 mm. The chemical composition of
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Table 1 Welding process parameters

Parameters Wire
diameter

Wire feed
rate

Welding
speed

Voltage Nozzle to plate
distance

Torch angle

Units mm m/min cm/min Volts mm Degree

Values 1.6 8 29 22 7 94

the hardfacing alloy (wt %) is 19.9 Cr, 2.75 C, 11 Mo, 0.62 B, 9.68 W, 0.53 Si, 0.79
Nb and balance Fe.

The hardfacing process parameters detail are listed in Table 1.

2.2 Microhardness Testing

Buehler micromet 5103 microhardness tester was used to record microhardness of
samples at 30 N load, across the cross section of deposited hardfaced layer along
vertical axis, near the surface of plate from centreline of the weld. Microhardness
measurements in the weldzone were carried out in interval of 0.5 and 0.1 mm in heat
affected zone and 0.5 mm in the non-affected zone.

2.3 Microstructural Study

After deposition, the air-cooled samples and substrate were sectioned for metallur-
gical study. The test pieces were polished in accordance with standard test technique
used for steel. A.S.I. Sales inverted optical microscope and Zeiss Sigma HR SEM
were used for microstructural characterization.

2.4 Wear Study

Wear resistance of the hardfacing alloy and the substrate was determined by pin-on-
disc wear testing machine according to ASTM G99 standard. The samples of size
10 × 10 mm were welded to 7-mm-diameter cylindrical pin to ease the clamping of
specimen on wear test machine. The disc of diameter 166 mm was hardened using
electric furnace tempering.

The specimens were polished by 220 grit SiC emery paper followed by ultrasonic
cleaning to maintain the uniformity of the surface [8]. Thereafter, specimens were
subjected to wear test for the test parameters shown in Table 2. After wear test,
samples were cleaned in Acetone and dried. The initial weight before and final



Microstructural and Wear Characteristic … 455

Table 2 Parameters for wear
test

Load (L) Sliding velocity (SV) Sliding distance (SD)

50 N 3 m/s 1800

Fig. 1 Microhardness along vertical axis

weight after wear test was recorded using microbalance. The difference of initial and
final weight divided by density was calculated for determination of wear volume [9].

3 Result and Discussion

3.1 Microhardness

Microhardness of weld zone and substrate are shown in Figs. 1 and 2, respectively.
It is evident from Figs. 1 and 2, microhardness of weld zone was higher as compared
to substrate due to nanoparticles present in the hardfaced coating and resulted in
approximately five times increase in microhardness. This appreciable increase in
microhardness of weld zone was due to the presence of martensite. Further, moving
towards the base metal, a dip in microhardness was seen due to the presence of
pearlite [10, 11]. The average microhardness in horizontal direction was 1025VHN.

3.2 Microstructure Characterization

The opticalmicrograph ofweldmetal andweld interface is shown in Fig. 3. Tempered
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Fig. 2 Microhardness of substrate

Fig. 3 Optical micrograph showing a weld zone, b HAZ and c parent metal

martensite with formation of metal carbide (Fig. 3a, b) was seen in the weldment
and HAZ. Pearlite and ferrite in the substrate were observed in Fig. 3c.

Figure 4a shows SEMmicrograph of the hardfacing alloys. Flatten disc-like struc-
ture shown in Fig. 4b represents perfect fusion with excellent continuity with no
microcracks. Fine particles which do not get dissolved in the metal matrix were
mainly due to local accumulation of nanoparticles (Fig. 4c).Nanostructured zone also
facilitates the crack arrest, which might get propagated through weaker zones[12–
14]. Figure 4d shows the perfect unity of hardfaced alloy with substrate at the weld
interface.
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Fig. 4 SEM micrograph, a hardfacing alloy, b weld zone, c weld zone with nanoparticles, d weld
metal interface

3.3 Wear Characteristics

The wear volume of hardfaced alloy and substrate was 135.69 and 785.5 mm3,
respectively. Abrasive wear of substrate was found to be higher as compared to the
coating. The developed bead shows excellent wear-resistant properties due to the
presence of tempered martensite matrix with formation of carbide.

4 Conclusion

Following are the conclusions drawn from this study.

1 Tempered martensite structure with formation of carbide was observed by optical
micrograph.

2 Pearlite and ferrite were observed in optical microscope in base metal.
3 No discontinuity and cracks were seen in weld zone.
4 Perfect coherence of the deposited material with substrate was observed.
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5 Remarkable enhancement in hardness and wear resistance was observed mainly
by the formation of carbide.
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Thermo-mechanical Peculiarity of TiC
Filler Filled Glass Fiber-Based Hybrid
Composites

Anant Krishan Pun and Siddhartha

1 Introduction

Polymer composite filled with particles has been widely studied because of their
logical and scientific significance. Two-phase material composites are divided into
two main categories that are particulate filled composites and fiber-reinforced
composites. Particulate filled composites are the composites inwhich particles having
different shapes and sizes are scattered inside a matrix in an arbitrary manner. The
composite filled with particulate fillers has been utilized widely in different fields
because of their low manufacturing expenses and ease to be formed into complex
shapes. Also, they are isotropical in behavior and sensitive as compared to long
fiber composites to the thermal expansion mismatch between the reinforcement and
the matrix [1, 2]. In polymers, the fillers are generally used for various reasons
like density control, price reduction, better processing, thermal conductivity, optical
effects, control over thermal expansion, wear resistance, magnetic properties, better
hardness, and electrical properties.

As opposed to a couple of exploratory examinations, an enormous number of
theoretical and numerical examinations have been completed so as to make sense
of how the interphase properties impact the by and large mechanical behavior of
a fiber/filler-reinforced composite. For sake of simplicity, the interphase is consid-
ered to be a homogeneous material in most of the micromechanical models [3].
The metal particles reinforced polymer composites have been used in several indus-
trial applications like heaters, electrodes [4], and thermally stable composites for
high-temperature applications [5]. Hard particles as reinforcing materials played an
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important role in developing commercially viable polymer composites, but certain
fillers may improve processing, physical and optical properties as well as mechan-
ical behavior [6] and tribolgical applications [7]. Similarly, ceramic-based polymer
composites are also widely studied in the last twenty years or so. The silica parti-
cles introduced in a polymer matrix significantly enhance the thermal, electrical, and
mechanical properties of the composites [8, 9]. The polymer used for commercial
application is filled with inorganic filler for the reduction in cost and improvement
in the stiffness of polymer composites [10, 11]. In several real operational condi-
tions, besides the fiber-reinforced composites, the particulate filled composites have
also been observed to perform well. Bonner [12] found that the addition of micro-
sized particulates in the polymer matrix requires a higher filler content (typically
higher than 20 vol.%) to bring the above mentioned positive effects but it may cause
some negative effects on some of the essential properties of the polymer matrix
like appearance, processability, aging performance, and density. Mechanical perfor-
mance of composites is of more interest to the component designer. The mechanical
properties of polymer composites are dependent on the constituent materials prop-
erties (type, loading, distribution and orientation of fiber, void contents) other than
these properties, the kind of interfacial bond formed between the matrix and the fiber
strongly influences the performance of the composite [10]. Short fiber-reinforced
polymermatrix (SFRP) composites are appealing as they can be easily fabricated, are
economical, and have excellent mechanical properties. Generally, high fiber contents
are necessary to attain high-performance short fiber-reinforced polymer composite
[12]. Thus, the influence of the amount of fiber on mechanical properties of compos-
ites is of specific interest and importance. They also reported that by increasing the
fiber content the strength and modulus as well as toughness increased if the matrix
is of low toughness. Work has been done much for micro-size fillers. However, the
performance of nano-size filler filled composites has not been explored much. Liter-
ature on TiC filler filled composites is negligible. Therefore, nano-TiC filler filled
composites are fabricated in this work and their performance are compared with
micro-TiC filler filled composites and unfilled composites.

2 Materials and Methods

2.1 Sample Fabrication

Nano- and micro-TiC filler filled glass fiber-reinforced hybrid polymeric composites
are fabricated. Vinyl ester resin is used to fabricate composites. Unfilled composite is
also fabricated for comparative study. The designation and composite compositions
are given in Table 1. Layer-by-layer composite fabrication technique is used in this
study. Cobalt naphthenate as accelerator is mix in vinyl ester resin within the amount
of 2%. MEKP with 2% amount is also used to solidify the resin within 24 h. Twelve
layers of glass fiber are used to fabricate the composites up to desired thickness.
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Table 1 Void fraction of fabricated composites

Designation of
composites

Composition of
composites

Experimental
density (ρe)
g/cm3

Theoretical
density (ρt)
g/cm3

Void fraction (%)

VEGF Resin + 50% glass
fiber

2.0687 2.1138 2.1343

TiC-5 M Resin + 50% glass
fiber + 5 wt.%
micro-TiC

2.0707 2.1968 5.7391

TiC-5 N Resin + 50% glass
fiber + 5 wt.%
nano-TiC

2.1134 2.1973 3.8163

TiC-10 M Resin + 50% glass
fiber + 10 wt.%
micro-TiC

2.0479 2.2967 10.8351

TiC-10 N Resin + 50% glass
fiber + 10 wt.%
nano-TiC

2.1220 2.2973 7.6295

TiC filler with an amount of 5 and 10 wt.% is used to fabricate the composites. The
fabricated composite was kept at room temperature under a load of about 20 kg for a
time period of 24 h before removing from themold.Vinyl ester resin and bidirectional
E-glass fiber are supplied by Sakshi chemicals, Delhi. Nano- and micro-TiC fillers
are provided by Nano Sell, Chandigarh, India.

2.2 Mechanical Characterization

Agarwal and Broutman’s formula is adopted for measuring the theoretical density of
nano- and microfiller filled composites [13]. However, experimental density of fabri-
cated specimens is measured as per the ASTMD792 standard. The void content (%)
of the fabricated samples is calculated with the help of theoretical and experimental
densities as shown in Table 1. Dynamic mechanical analyzer machine is used for the
analysis of thermo-mechanical property of all fabricated composites. The tensile as
well as flexural tests are conducted on a UTM. Both the tests are executed as per the
ASTM D3039 and D2344 standards, respectively.
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3 Results and Discussion

3.1 Thermo-mechanical Analysis of Composites

The storage modulus is a key term in thermo-mechanical analysis of composites. It
measures themaximumenergy that is stored in amaterial for each cycle of oscillation.
It provides important information about the elastic behavior of the material through
the insight to fiber stiffness [14]. Generally, polymer materials have three physical
states, viz. glassy, glass transition region, and rubbery. The glassy region represents
a tight packing that results in the frozen movement of chain segment. Thus, the
material tends to store the energy which leads to a high storage modulus [15].

The variation in storage modulus with varying temperature is shown in Fig. 1.
It is observed that there is an increase in storage modulus value with the addition
of TiC fillers. With the increase in the wt.% of micro- and nano-fillers, the storage
modulus of composites increases.Nano-filled composites havemore storagemodulus
than micro-filled composites. When temperature increases, the composites attain a
dynamic nature and lose their close packing procedure. It results in a reduced storage
modulus in the glass transition region of 25–50 °C. The temperature reliant reduction
in storage modulus of the composite filled with both type of TiC fillers remains
uniform in the glass temperature range which causes a meager change in storage
modulus in the rubbery region.

The variation of loss modulus with temperature as shown in Fig. 2, with respect
to energy lost due to friction as temperature and inner cues imitating viscous nature
[16], shows that the magnitude of loss modulus decreased with the addition of both
type of TiC fillers. The loss modulus peaks are higher for unfilled composite than
those with filler filled composites material. It happens because of the hindrance of
the molecular motion [15]. Loss modulus of micro-TiC filled composites is high in
comparison with nano-TiC filled composites.
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Fig. 2 Loss modulus of fabricated composites

Damping factor (tan δ) is loss modulus divided by storage modulus, also known
as internal damping or dynamic composite behavior. Generally, the damping of the
composites is dependent on the following factors: matrix and filler material type,
nature of the interface, frictional damping due to slippage in the liberated region of
filler–matrix interface and the delamination and energy dissipation in matrix crack
area [15].

It can be deduced from Fig. 3 that 5 wt.% of both types of filler filled hybrid
polymeric composites have higher damping factor than 10 wt.% of filler-reinforced
composites. It may happen due to the fact that resin molecules have deformed in-
between the cross-links [17]. However, damping properties remained same after
125 °Candwere independent of theweight fraction ofTiCparticles in the composites.
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Fig. 4 Tensile strength of fabricated composites

4 Tensile Strength of Fabricated Composites

The tensile test results are shown in Fig. 4. It is evident from Fig. 4 that tensile
strength increases for 5 wt.% of TiC filled composites and it further decreases for
10 wt.% of TiC composites. Tensile strength is higher for nano-TiC composites at
both filler loading conditions. It is observed that the tensile property of the composite
gets deteriorated at higher filler loading. It may happen due to the increased void sizes
and the occurrence of agglomeration of filler particles [18]. In fact, an increase in the
filler content makes the void sizes critically large due to the detachment of polymer
matrix from the fillers which ultimately lead to the initiation of the main crack [13].
Also, a lower strength of the agglomeration causes a reduced tensile strength [19].
Composite filled with nano-filler has less void fraction which results in higher tensile
strength in comparison with micro-size TiC composites.

5 Flexural Strength of Fabricated Composites

Flexural strength values of fabricated test samples are displayed in Fig. 5. These
composites show an improved flexural strength when filler loading increases as
evident from Fig. 5. This pattern is similar for micro- and nano-fillers. This improve-
ment in the flexural strength might have occurred due to the existence of TiC fillers
at fiber–matrix interface. Bending strength of TiC filled composites in micron size
is less than that of nano-TiC composites at 5 and 10 wt.% of filler inclusion. This
may happen due to the incomplete fusion of the matrix, weak interfacial adhesion,
and due to the presence of voids in composites.

It is obvious from Table 1 that hybrid polymeric composites filled with micron
size TiC have higher void fraction as compared to nano-size filler filled hybrid poly-
meric composites. These voids might have resulted due to the incomplete fusion
of the matrix material. The flexural properties have a high significance in structural
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elements. Composite materials have a tendency to fail under bending conditions, and
hence, it is important to create new composites having better flexural attributes.

6 Conclusions

1. TiC filled glass fiber-based hybrid composites are successfully fabricated via
hand layup technique.

2. Nano-composite with 10 wt.% filler addition has high storage modulus as well
as low damping factor and loss modulus among all the fabricated composites.

3. Tensile strength is maximum for 5 wt.% filler loading. Tensile strength decreases
for 10 wt.% of both type of TiC filler loading.

4. Nano-TiC filled composites have high flexural strength than micro-TiC filler
filled composites. Flexural strength is higher for 10 wt.% of filler loading.
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Performance Analysis of Hybrid PCM
by Doping Graphene

Ravi Kumar Samadhiya, Devendra Singh, Manoj Kumar Shukla,
Kamal Sharma, and Ravindra Pratap Singh

1 Introduction

With the exhaustion of fossil fuel sources and amplification of environmental pollu-
tion, renewable energy consumption and waste heat recuperation have been an area
of interest in research and development [1]. Meanwhile, according to the energy
expenditure category in China, inhabited energy utilization accounted for 20% of the
total in 2017 [2], in which household hot water production and spacing heating in a
residential building explanation for a large quantity. Thermal energy storage (TES)
is a successful solution to the intermittency and volatility of energy supply and forms
a bridge between energy supply and end-users [3, 4] (Fig. 1).

Energy storage device helps in smooth supply and reliability of energy by synchro-
nizing load levelingof power generatingplant [5]. Thismakes the systemmore energy
efficient though sun has clean safe and abundant source of energy, but the supply
of energy is intermittent. Therefore, the requirement of energy source device in the
case of solar device is needed. Shortage of fossil fuels and increasing consciousness
toward the human health has made researchers to contemplate about the alterna-
tives of fossils. Combustion of fossil fuel leads to harmful greenhouse gases like
carbon monoxide and carbon dioxide, which causes incurable diseases like cancer
and asthma which is a great cause of concern. For domestic hot water (DHW) and
some industrial applications, FPSWs are mostly used. But due to the absence of solar
radiation and disproportion between the intervals of hot water, utilization of FPSWs
is limited. As a result, LHS system with PCM is incorporated into FPSWCs, and
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Fig. 1 Classification of thermal energy storage

this helps in increasing the operating time of FPSWCs which increases its thermal
performance. Categories of PCMs used in LHS are shown in Fig. 2.

These PCMs have several advantages: (a) high latent heat, (b) the ability to store
a huge amount of energy at a constant fusion temperature, (c) appropriate phase
change temperature, (d) cost effective and availability.

Fig. 2 Categories of LHS and classification of PCMs
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2 Heat Transfer Fluid

2.1 Water

In latent heat storage system, the heat energy from the sun is transferred to the phase
change material through a fluid. Generally, water is used as a heat transferring fluid
as it has good thermal conductivity; it is easily available and economical. It used
having high thermal conductivity.

2.2 Cerium Oxide

A colloidal suspension of cerium oxide having a concentration of 18% by weight as
a nanofluid is used to enhance the properties of heat transfer fluid. Heat transfer fluid
is prepared having concentration of one percent by weight of nanoparticles in water
[6].

3 Experimental Set up

3.1 Working of the System

The working of the system starts with filling of water in the cold HTF storage tank.
Once this tank is full, the water is uplifted to the HTF hot/cold source tank by
switching the pump on. When water overflows, the pump is switched off and heat is
supplied to the water by switching on the electric heaters. The hot water gives heat
to the PCM by the process of convection and conduction on its way of flow from one
end to other of the heat exchangers. This stage in which the PCMs accrued energy
is known as charging stage. After giving heat to PCM, the water gets accumulated
in the used HTF storage tank. The second step of the experiment is an extraction of
heat from the PCM. This step is also known as discharging of PCM. After absorbing
heat, the water gets accumulated in the used HTF storage tank [7, 8].

There is a control unit in the system. All required meters and control knots are fit
in this unit. From this unit, the user can take the values of different parameters such
as water flow rate and temperature at different conditions of the system (Fig. 3).
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Fig. 3 Schematic diagram of system. (This figure shows all the internal connection of the system
elements like valves, thermocouple, etc.)

4 Results and Analysis

Varying the HTF temperature, the charging and discharge behaviors are plotted on
the graph for obtaining the performance of the LHESS by using water as an HTF
flowing through PCM cylinder.

4.1 Water as Heat Transfer Fluid

The water has been used as an HTF in the first stage of the experiment. Water has
manymerits to be chosen as anHTF such as free availability and average specific heat
capacity. Under this section, the inlet HTF temperature has been varied from 60 to
85 °C. At different temperatures, the charging time has been recorded and plotted to
showcase the variation. The figure shows that the charging time decreases by 19.81%
on increasing the temperature from 60 to 85 °C; the great reduction in time has been
observed in the beginning of charging because the sensible heat is responsible for
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Fig. 4 Charging with water as an HTF

giving the rise in temperature till melting temperature. A large amount of heat transfer
due to temperature difference occurs from HTF to PCM through conduction phase.
After achieving the melting point of 58 °C, the latent heat transfer phase starts which
is responsible for phase transformation process. Convention heat transfer mode starts
when the PCMaround the heat exchangermelts. Optimum results have been achieved
at 80 °C where the reduction in time was 18.67%, as shown in Fig. 4.

4.2 Water as HTF and PCM Induced with Graphene

4.2.1 Effect of Variation at Inlet Temperature

In this section, the temperature has been varied from the range 60–85 °C. Figures 5a–
f shows the charging time variation with respect to different HTF temperatures. The
charging time has been recorded as 147, 140, 132, 127, 123, and 119 min at different
HTF temperatures ranging from 60 to 85 °C at the interval of 5 °C as shown in
figure a. The overall charging time is reduced by 26.98% as compared to HTF with
respective to the time at 60 °C and at 0.25% concentration. This is because of the
rate at which heat is advanced/lost and the time for phase changing process during
charging process is also enhanced

4.2.2 PCM Average Temperature Versus Discharging Time

At the end of the charging process, the PCM is in the liquid phase at nearly 60 °C.
The system was kept untouched for 4 h to store the energy [9]. The temperature was
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Fig. 5 a, f Charging using nanofluid at different concentrations

observed to get reduced to 54 °C at the starting of discharge process; this is due to
the heat loss through insulation, as shown in Fig. 6.

During the discharge process, the coldHTF has passed through the heat exchanger
to extract the energy from the system. The temperature profile during the discharging
process is shown in figure. The mass flow rate is kept constant at 0.3 Lpm and
temperature of cold HTF is 30 °C, which is known that temperature difference due
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Fig. 6 Discharge using water

to driving force for heat transfer therefore initially temperature decreases drastically
from large temperature difference between cold HTF and PCM.

4.3 Efficiency

This system is working efficiently because we are using the hybrid PCMwith doping
graphene. This is the most important portion of any study that will provide an infor-
mation about working condition of the system after refining all thermal properties
with the help of various alternatives such as extended fins and encapsulated PCM. It
can be measured in terms of charging, exergy, and overall energy efficiency [10]. The
efficiency results are based on the comparison of the outcome of water and nanofluid.
On the basis of these analyses, the effective change is noticed and shown by Fig. 7.

4.3.1 Charging Efficiency

It can be observed that in the case of enhancing the HTF temperature, the charging
efficiency is continuously improving. The reason behind the thermal conductivity
of nanofluid is enhancing because its energetic nanoparticle makes the Brownian
motion. The result of water is being compared with the consequences of nanofluid.

When water is used as an HTF, the charging efficiency is enhanced by 27.51%
at variation in inlet HTF temperature. By applying the nanofluid as an HTF by
varying HTF temperature and at constant concentration, the enhancement is noticed
as follows. At 0.25% concentration, the charging efficiency is enhanced by 29.65%
on the variation in HTF temperature from 60 to 85 °Cwith respect to water. Similarly,
at 0.5, 0.75, 1.25, and 1.5% concentration, charging efficiency is enhanced by 32.56,
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Fig. 7 Charging efficiency at different HTF temperatures

35.49, 39.12, 40.14, and 40.65%, respectively. The overall improvement of charging
efficiency, approximately 17%, is recorded at varyingHTF temperature, as illustrated
in Fig. 7.

4.3.2 Discharging Efficiency

As the charging process gives the information about capability of the system, in the
same manner, the discharging process also has a significant role for determining
the storing capacity of the system. The storing of energy for a longtime eliminates
mismatching of demand and supply. The energy is stored up to the end of the charging
from the beginning of charging by disregarding all the losses during charging process.
This stored energy is accumulated several times after discharging phenomenon takes
place. The discharging efficiency depends upon recovered aswell as available energy.
It has been observed that there is no effective impact of nanofluid for improving the
storing or discharging efficiency because it is depended on insulation, overall heat
transfer coefficient of heat exchanger, and surface of cylinder [11, 12].

In this stage, the energy stored in the PCM is extracted to use in the load.

Est,begin = Ein,chg − Eloss,chg,i − Eloss,chg,ii − Est,loss,i
∼= Eacc,chg

Est,=,−Est,loss,ii

Est,loss,ii = q3̇ × L ins × ti
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Erec, dischg = ṁHTF CHTF (To,HTF,dischg − Ti,HTF,dischg) × timedischg
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}

Eloss hg,i = q2̇ × L ins × timedischg
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The efficiency for the discharging period can be expressed as follows

ηdis = Energy recovered from TES during discharging

Amount of energy available to discharge

ηst = Est,end

Est,begin

ηdischg = Erec,dischg

Eav,dischg

4.3.3 Overall Efficiency

The enhancement in HTF temperature at the constant concentration and the change
in overall efficiency of nanofluid are obtained as compared to that of base fluid. As in
case of water, the enhanced efficiency 16.41% is to be observed, but as in nanofluid at
60 °C HTF temperature, the change in efficiency is obtained 20.72%. Similarly, at 65
to 85 °C, the change in efficiency is obtained 23.92, 25.76, 27.56, 29.73, and 30.26%,
respectively. The overall change in energy efficiency is recorded approx. 12% that
is more drastic change compared than that of water. But enhancing in concentration
at constant inlet HTF temperature, the change in overall efficiency of nanofluid is
lower than enhancing the HTF temperature [13, 14]. The optimum result of overall
efficiency is obtained at 80 °C HTF temperature and 1% concentration
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5 Conclusions

The experimental study is carried out for improving the thermal performance of
thermal energy storage system using nanofluid as an HTF under varying concentra-
tion from 0.25 to 1.5%, as a recess of 0.25% and inlet HTF temperature from 600
to 850 °C, as a recess of 50 °C. The thermo-physical properties of nanofluid are
determined from the laboratory. Based on performance factors, the outcomes of the
water and nanofluid are compared to each other under varying concentration and
inlet HTF temperature.

• The reduction in charging time is found up to 19.81% while using water as
an HTF, whereas the reduction in charging time is found up to 26.98% when
using Graphene as an HTF under varying inlet HTF temperature. Under varying
concentration, the charging time has been reduced but that is significantly not as
much of as variation in HTF temperature. However, the discharging time is not
considerable affected as using nanofluid as an HTF.

• Enhancement in charging efficiency is found up to 27.51% when using water as
an HTF but the deviation in HTF temperature at a constant concentration, and the
enhancement in charging efficiency is found up to 40.65% while using nanofluid
as an HTF.

• The enhancement in overall efficiency is found up to 30.26% as variation in inlet
HTF temperature of nanofluid at constant concentration. The enhancement in
available energy (exergy efficiency) is recorded up to 17.02% under varying inlet
HTF temperature and constant concentration.
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Identify the Rational Performance
and Effect of End State Temperature
on a Regenerative–Reheat Coal-Based
Thermal Power Plant in India

Shailendra Pratap Singh, Subrata Kumar Ghosh, and Vijay Kumar Dwivedi

1 Introduction

As per World Economic Forum Data, India’s energy consumption has doubled since
the year 2000 and is expected to be more than double by 2040 whereas its electricity
consumption per capita is even less than that of Africa and is one-tenth that of
America. Sixth largest consumer of energy in the world is India, consuming around
3.9% of the total energy production. Presently the installed capacity is 367280 MW
and 56% of which, i.e., 205254 MW is produced by coal (CEA, December 2019).
Energy is the most important parameter of a country’s development status. In the
wake of global climate concerns and shrinking coal reserves, it is substantial not just
to perform minor modifications and retrofits at the energy generating facilities but
to utilize coal in a more effective, efficient, and clean process. This can be done by
extending the conventional energy analysis to the second-law-based exergy analysis
useful for measuring the efficiency of an energy conversion process.

This study is carried out on a 210 MW LMW coal-based unit and provides an
in-depth study of the performance of individual energy systems and their compo-
nents. There are a number of papers, which have reflected upon the energy–exergy
performance of thermal power plants. For instance, in a study done by Bhatt et al.
[1], coal-fired power plants of 30-500 MW output, it was concluded that maximum
potential for refinement is in 500 and 210 MW units followed by 120 and 110 MW
units. Aljundi [2] estimated exergy and energy losses by conducting componentwise
modeling and referred thermal power generation in Jordan. Datta et al. [3] spliced
the power plant in three zones and conducted exergy analysis. Rosen [4] compared
nuclear and thermal steam power plants and conducted energy as well as exergy
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analysis. Hasan et al. [5] identified and discussed the thermal inefficiencies and
compared different coal-based thermal power generation in Turkey. Naterer et al.
[6] conducted the analysis on the coal-based thermal power generation on referred
turbine and boiler losses. Zubair and Habib [7] analyzed the regenerative–reheat
Rankine cycle power generation based on second law of thermodynamics. Gana-
pathy et al. [8] determined energy as well as exergy losses componentwise of the
lignite-based thermal power plant. Reddy and Butcher [9] analyzed power genera-
tion based on waste heat recovery. Srinivas et al. [10] analyzed performance on the
basis of first and second laws of power plant by using alternative fuel. Suresh et al.
[11] performed exergy-based performance of the coal-fired thermal power plants
using different steam conditions. Oktay [12] conducted exergy loss analysis and
described the technique to reduce these losses by using Fluidized bed combustion
technique in Turkey. Regulagadda et al. [6] performed both exergy and energy anal-
ysis of boiler and turbo alternator for a 32 MW subcritical, coal-based power unit
and developed formulation for entire system. A study based on different operating
parameter is being conducted for the plant. Chao Zhang et al. [13] conducted analysis
on 300MW thermal power generation in China. The study diverted the analysis from
conventional techniques to thermo-economic study. Jassim et al. [14] conducted the
exergy analysis of regenerative air heater of the thermal power plant. Habib et al. [15]
performed analysis for coal-fired unit with reheating and regeneration on the basis
of second law. Reddy et al. [16] conducted the energy and exergy analysis with main
emphasis on the boiler and combustion chamber in cogeneration power plant. They
also described the analysis procedure of the systems based on exegetical approach.
Kaushik et al. [17] performed first and second-law analysis of power plants operated
by gas and coal. They showed that first law of thermodynamics is not enough tomake
a right analysis, as the difference between quantity and quality of energy. Kopac and
Hilalci [18] studied the exergy and energy analysis of a power generating unit in
Turkey. The exergy analysis was done to determine the irreversibility rates and the
heat loss at different temperatures. Ahmadi and Toghraie [19] analyzed the 200 MW
Power Plant of Isfahan using energy, mass, and exergy balance equations. They used
EES for analysis. Exergy clearly demonstrated the area of efficiency improvements
and reductions in losses. Exergy provided comparative better economics and recog-
nized environmental benefits of energy by Rosen et al. [20]. Several books written
over the years have been based on the concept of exergy such as that written by Kotas
[21], Moran and Shapiro [22]. This study aims to provide minor improvements in the
exergy efficiency and helps to remove the error between the achieved values (which
do not indicate the performance deterioration as it is understood only through the
limited analysis of the conventional first law) and the desired values.

2 Descriptions of Reference Plant

The Unit-IV (210 MW), based on the Russian Technology, in the coal-fired power
generating station of NTPC Limited, Badarpur, Delhi, India, has been selected for
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Fig. 1 Typical layout of 210 MW LMW thermal power plant

the purposes of study. This unit operates on a subcritical pressure, which is based on
a Rankine cycle with reheating and regeneration. Figure 1 illustrates the entire cycle
arrangement. Tables 2 and 3 in Appendix describe the flow, temperature, pressure,
and different thermal properties like enthalpy and entropy at different locations of
210 MW power plants.

3 Mathematical Interpretation Used for Analysis

Intended to evaluate the performance of the plant in steady state and steady-flow
process condition, the following basic equations are applicable:

Mass balance

∑
ṁ in =

∑
ṁout (1)

Energy balance

∑
Ėin =

∑
Ėout (2)

Q̇ +
∑

ṁ inhin = Ẇ +
∑

ṁouthout (3)

Exergy balance
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∑
ṁ inexin −

∑
ṁoutexout +

∑
Ė x Q −

∑
Ė xW + I = 0 (4)

where: I = T0 . Sgen∑
Ė x Q =

(
1 −

(
T0
Tt

))
.Qr

Specific exergy

ex = Q × [(hin − hout) − T0(sin − sout)] (5)

The equations used to analyze exergy in/out, exergy destruction and second-law
efficiency condenser, regenerative feed heating, boiler, and turbine are as follows:

Condenser

∈in= Qsexh × [(Hsexh − hcond) − T0(Sexh − scond)] (6)

∈d= T0 ×
[
Qsexh × (scond − Sexh) − Qcw × S × ln

(
t2
t1

)]
(7)

ηII,cond = 1 − ∈d

∈in
(8)

Regenerative Feed Heating

• Main ejector

∈in= qme × [(Hme − hdme) − T0(Sme − sdme)] (9)

∈d= T0 × [qme × (sdme − Sme) + QCEP(sfwme − scondo)] (10)

• Gland cooler-1

∈in= qGC1 × [(HGC1 − hdGC1) − T0(SGC1 − sdGC1)] (11)

∈d= T0 × [qGC1 × (sdGC1 − SGC1) + QCEP(sfwGC1 − sfwme)] (12)

• Low pressure heater-1

∈in= q1 × [(H1 − hd1) − T0(S1 − sd1)] (13)
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∈d= T0 × [q1 × (sd1 − S1) + QCEP(sfw1 − sfwGC1)] (14)

• Gland cooler-2

∈in= qsGC2 × [(HGC2 − hdGC2) − T0(SGC2 − sdGC2)] (15)

∈d= T0 × [qsGC2 × (sdGC2 − SGC2) + QCEP(sfwGC2 − sfw1)] (16)

• Low pressure heater-2

∈in = (q4 + q3) × [(hd3 − hd2) − T0(sd3 − sd2)]

+ q2 × [(H2 − hd2) − T0(S2 − sd2)] (17)

∈d= T0 × [q2 × (sd2 − S2) + QCEP(sfw2 − sfwGC2) + (q4 + q3) × (sd2 − sd3)]
(18)

• Low pressure heater-3

∈in= q4 × [(hd4 − hd3) − T0(sd4 − sd3)] + q3 × [(H3 − hd3) − T0(S3 − sd3)]
(19)

∈d= T0 × [q3 × (sd3 − S3) + Qd(sfw3 − sfw2) + q4 × (sd3 − sd4)] (20)

• Low pressure heater-4

∈in= q4 × [(H4 − hd4) − T0(S4 − sd4)] (21)

∈d= T0 × [q4 × (sd4 − S4) + Qd(sfw4 − sfw3)] (22)

• De-areator

∈in = (q7 + q6 + q5) × [(
hd5 − hdD/A

) − T0
(
sd5 − sdD/A

)] + qd

× [(
HD/A − hdD/A

) − T0
(
SD/A − sdD/A

)]
(23)
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∈d = T0 × [qd × (sdD/A − SD/A) + Qfw(sfwD/A − sfw4)

+(q7 + q6 + q5) × (sdD/A − sd5)] (24)

• High pressure heater-5

∈in = (q7 + q6) × [(hd6 − hd5) − T0(sd6 − sd5)]

+ q5 × [(H5 − hd5) − T0(S5 − sd5)] (25)

∈d= T0 × [q5 × (sd5 − S5) + Qfw(sfw5 − sfwD/A) + (q7 + q6) × (sd5 − sd6)] (26)

• High pressure heater-6

∈in = q7 × [(hd7 − hd6) − T0(sd7 − sd6)]

+ q6 × [(H6 − hd6) − T0(S6 − sd6)] (27)

∈d= T0 × [q6 × (sd6 − S6) + Qfw(sfw6 − sfw5) + q7 × (sd6 − sd7)] (28)

• High pressure heater-7

∈in= q7 × [(H7−hd7) − T0(S7 − sd7)] (29)

∈d= T0 × [q7 × (sd7 − S7) + Qfw(sfw7 − sfw6)] (30)

• Second-law efficiency (heater)

ηII,AnyHeatter = 1 − ∈d

∈in
(31)

Boiler

• Economizer

∈in,fg= Qfg × Cpfg ×
[(
tfgeci − tfgeco

) − T0 × ln

(
tfgeci
tfgeco

)]
(32)
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∈rec,fw= Qwec × [(hweco − hweci) − T0(sweco − sweci)] (33)

• Evaporator

∈in,fg= Qfg × Cpfg ×
[(
tfgevi − tfgevo

) − T0 × ln×
(
tfgevi
tfgevo

)]
(34)

∈rec,fw= Qsg × [(hwevo − hwevi) − T0(swevo − swevi)] (35)

• Superheater

∈in,fg= Qfg × Cpfg ×
[(
tfgshi − tfgshho

) − T0 × ln×
(
tfgshi
tfgsho

)]
(36)

∈rec,fw= Qms × [(hwsho − hwshi) − T0(swsho − swshi)] (37)

• Reheater

∈in,fg= Qfg × Cpfg

[(
tfgrhi − tfgrho

) − T0 × ln×
(
tfgrhi
tfgrho

)]
(38)

∈rec,fw= Qhrh × [(hhrh − hcrh) − T0(shrh − scrh)] (39)

• Exergy destruction and second-law efficiency (boiler component)

∈d=∈in,fg − ∈rec,fw (40)

ηII, Boiler = 1 − ∈d

∈in,fg
(41)

Turbine

• High pressure turbine

∈rec,HPT = Qms × (Hms − H7) + (Qms − q7) × (H7 − Hcrh)

− T0 × [Qms × (Ss − S7) + (Qms − q7) × (S7 − Scrh)] (42)
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∈rec=∈in − ∈out (43)

∈d=∈in − ∈out −WHPT =∈rec −WHPT (44)

• Medium pressure turbine

εrec,IPT = Qhrh × (Hhrh − H5) + (Qhrh − q5 − qd)

× (H5 − H4) + (Qhrh − q5 − qd − q4)

× (H4 − H3) + (Qhrh − q5 − qd − q4 − q3)

× (H3 − H2) − T0 × [Qhrh × (Shrh − S5) + (Qhrh − q5 − qd)

× (S5 − S4) + (Qhrh − q5 − qd − q4)

×(S4 − S3) + (Qhrh − q5 − qd − q4 − q3) × (S3 − S2)] (45)

∈rec=∈in − ∈out,∈d=∈in − ∈out −WIPT =∈rec −WIPT (46)

• Low pressure turbine

∈rec,LPT = QLPT × (HLPT − H1) + (QLPT − q1) × (H1 − Hbu) − T0
× [QLPT × (SLPT − S1) + (QLPT − q1) × (S1 − Sbu)] (47)

∈rec=∈in − ∈out,∈d=∈in − ∈out −WLPT =∈rec −WLPY (48)

• Second-law efficiency (turbine)

ηII,Turbine = 1 − ∈d
/
∈rec

(49)

Other equations used for calculations will be:

Efficiency Defect(δ) = ∈d

∈f
(50)

where: ∈f = Exergy Supplied by the fuel

Efficiency defect of the plant(δpl) =
n∑

i=1

δi (51)
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Rational efficiency of the plant(ϕ) = 1 − δpl = 1 −
n∑

i=1

δi (52)

4 Results and Discussion

NTPC Badarpur plant was selected for analysis. Figure 1 shows the arrangement of
components. As it is based onRussian design, it consists of impulse reaction turbines,
seven nos. of heat exchangers (for regeneration), and reheater. A vertical, tangentially
fired boiler uses low calorific value sub-bituminous coal on six elevations. On the
basis of the above-mentioned equations and parameters, different values of efficiency
defects, exergy efficiencies, irreversibility of different components, and the rational
efficiency have been summarized and outcomes tabulated in Table 1.

The purpose for conduction of the exergy analysis in brief is to reflect the effect
of different ambient temperatures on irreversibility as well as rational efficiency.
The exergy analysis has been conducted for several ambient temperatures ranging
from 288 to 313 K. After analysis, it was investigated that the boiler has much
higher irreversibility rates in comparison with the other components. Irreversibility
rates of boiler, turbine, RFH system, and the entire plant increase with increase in
ambient temperature, while condenser reciprocates in the opposite direction, i.e.,
irreversibility rate decreases with increase in temperature. Figure 2 incorporates
the variation of efficiency defects, exergetic efficiency, and irreversibility rates of
components with respect to different ambient temperature.

5 Conclusion

The first portion of the study presents a blend of energy and exergy analysis with the
data collected from real operational unit. Analysis has been conducted to illustrate the
effect of end state temperature, i.e., T 0 on exergetic performance of the plant. Main
emphasis of this investigation is to examine the rational efficiency with the help of
energy and exergy calculation at 298K,most common dead state temperature in north
India. Another reason to conduct this elaborative exercise for exergy analysis is that
it gives a better insight about exergy losses (irreversibility) and energy inefficiencies
(efficiency defects) of the system.As per the study, the boiler is found to have a largest
improvement potential as it is the major exergy-consuming unit in the plant. After
boiler, performance of heaters is not up to the mark as the exergetic efficiency lies
between 71.41 and 81.03%, so it also has some improvement potential. This study
reflects that 1 °C increase of the environmental temperature causes an enhancement
of 0.29MW in total irreversibility rate and reduction of 0.068% in rational efficiency
of the plant.
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Fig. 2 Graph between
different ambient
temperatures and outcomes
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Appendix

See Appendix Table 2 and 3.
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Table 2 Parameters considered with value and abbreviations

Steam/condensate/feed water parameters

Pt. Flow
kg/s

Temp.
°C

Press.
kg/cm2

Enthalpy
kJ/kg

Entropy
kJ/kg K

Abb. Value Value Value Abb. Value Abb. Value

1. Qms 171.57 540 127.88 Hms 3447.43 Sms 6.586

2. q7 7.7611 369 39.6 H7 3137.09 S7 6.6

3. QCRH 150.59 333.65 24.1 HCRH 3056.6 SCRH 6.7

4. QHRH 150.59 540 23.13 HHRH 3531.6 SHRH 7.45

5. q6 11.7 314 25.8 H6 3041.04 S6 6.686

6. q5 3.7542 440 12.1 H5 3339.82 S5 7.50

7. q4 7.4406 368 6.47 H4 3183.2 S4 7.6

8. q1 2.3503 68 0.28 H1 2581.85 S1 7.6835

9. Qsexh 126 46 0.1 hsexh 2296 ssexh 7.27

10. 126 45 0.1 191.81 0.649

11a. QCEP 126 47.1 21 hcondo 188.3 scondo 0.638

11b. 126 50 21 hfwme 196.6 sfwme 0.664

11c. 126 61 21 HfwGC1 209.2 SfwGC1 0.703

12. 19 103.9 1.28 hd2 435.7 sd2 1.35

13. q2 6.54 172 1.28 H2 2813.73 S2 7.8

14. 145 99.5 21 hfw2 416.2 sfw2 1.295

15. 126 68 21 hfw1 255 sfw1 0843

16. 7.44 157.8 6.47 hd4 666.5 sd4 1.922

17. 190 180 183 hfw5 771.7 sfw5 2.157

18. qd 3.9217 440 12.1 HD/A 3346.91 SD/A 7.50

19. Qfw 190 218.4 183 hfw6 941.42 sfw6 2.475

20. 19.46 198 25.8 hd6 849.84 sd6 2.310

21. 190 239 183 hfw7 1035.15 sfw7 2.66

22. 7.76 229 39.6 hd7 985.76 sd7 2.599

23. 126 68.2 21 hfwGC2 284.4 sfwGC2 0.929

24. 23.21 174 12.1 hd5 736.93 sd5 2.080

25. q3 5.4286 252 2.78 H3 2976.16 S3 7.65

26. 5.43 124.9 2.78 hd3 524.7 sd3 1.581

27. Qd 145 152.1 21 hfw4 642.30 sfw4 1.861

28. 6.54 172 1.28 2813.73 7.8

29. 2.04 67 0.28 hd1 271.90 sd1 0.893

30. 145 122.9 21 hfw3 517.42 sfw3 1.559

31. QLPT 123.06 172 1.237 HLPT 2818.75 SLPT 7.61

(continued)
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Table 2 (continued)

Steam/condensate/feed water parameters

Pt. Flow
kg/s

Temp.
°C

Press.
kg/cm2

Enthalpy
kJ/kg

Entropy
kJ/kg K

Abb. Value Value Value Abb. Value Abb. Value

32. 190.5 165 7.5 hfwD/A 697 sfwD/A 1.991

33. qsgGC2 1.31 315.5 0.35 hGC2 3107.2 sGC2 8.88

34a. Qwec 184.288 239 183 hweci 1035.15 sweci 2.662

34b. 184.288 320 183 hweco 1447.95 sweco 3.408

35a. Qsg 184.288 329 143.11 hwevi 1513.9 swevi 3.528

35b. 184.288 329 143.11 hwevo 1990 swevo 4.354

36a. Qms 171.57 329 127.88 hwshci 2668 swshci 5.32

36b. 171.57 540 127.88 hwsho 3447.33 swsho 6.586

37 0.42 137 0.25 2757.1 8.17

38. 0.42 53 0.25 hdme 221.8 sdme 0.74

39. qGC1 0.6 267 0.2 hGC1 3010 sGC1 8.864

40. 0.6 55 0.2 hdGC1 230.1 sdGC1 0.767

41. 1.31 72 0.35 hdGC2 301.2 sdGC2 0.978

42. 46 0.1
(DF = 0.88)

Hbu 2389.25 Sbu 7.7901

Cooling water parameter

43. Qcw 7000 T1 300

44. Qcw 7000 T2 309

Table 3 Flue gas parameters

Point Flow Economizer Evaporator Superheater Reheater

Unit kg/s Inlet
(°C)

Outlet
(°C)

Inlet
(°C)

Outlet
(°C)

Inlet
(°C)

Outlet
(°C)

Inlet
(°C)

Outlet
(°C)

Abb. Qfg tfgeci tfgeco tfgevi tfgevo tfgshi tfgsho tfgrhi tfgrho

Value 315.2 360 540 950 1250 550 1080 750 980
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Microstructural Evolution and Enhanced
Mechanical Properties of Atomization
Cast Al–40% Si Alloys

Krishna Vijay, Subodh Kumar Sharma, Prashant Vashishtha, Ajay Kumar,
Kumari Archana, and Pratibha Kumari

1 Introduction

Due to numbers of properties such as thermal conductivity, high strength-to-weight
ratio, electrical conductivity and good corrosion resistance, aluminium alloys are
widely used in day-to-day life. When wear is a main criterion of selection of these
materials, aluminium alloys are extensively used. Aluminium has got a good capa-
bility to respond to various finishing processes. That is why, these alloys are widely
used in automobile, electrical and aerospace applications.

Due to the silicon in aluminium silicon alloy, wear resistance improves [1, 4].
This is happened due to high hardness of Si in the alloy. From the several Al alloys,
aluminium silicon alloys have observed good response for various applications such
as in aerospace, automobile and electrical equipment industries due to mechanical
properties. There are some of these applications, which include high-performance
automobile engine parts. These parts have a possibility that they can be used in
aviation industry. The atomization casting of Al-18% Si is performed previously [5].

2 Experimental Set-up

The schematic figure of atomization casting set-up is shown in Fig. 1. The photograph
of atomized casting set-up is shown in Fig. 2. In the set-up, the atomization nozzle
is placed above the cooling chamber. A heater is placed just above the nozzle, and a
crucible is placed above the heater. The alloy was melt into a crucible in the furnace.
The melt flow tube is connected to crucible passes through the heater to cooling
chamber via nozzle. The molten metal is poured in the crucible after starting the flow
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Fig. 1 Experimental set-up for atomization casting

of gas. The atomized melt stream was collected at 450 mm distance on to the copper
substrate (of 6-mm thickness and 200-mm diameter).

About 1 kg Al–Si alloy of 40%Si was superheated to 200 K above the melting
point in the crucible to carry out four runs.

Samples were taken from the substrate to see its microstructure using standard
technique of viewing microstructure. The microstructures of sample were seen on
Leitz optical microscope.

Brinell hardness is measured by hardness testing machine. The tensile strength of
spray cast Al–40% Si alloy was determined using universal testing machine model
on a specimen gauge length of 25- and 5-mm diameter.

3 Results and Discussion

Figure 3 illustrates ingot cast optical micrograph of the alloys. It shows the columnar
grains of α-Al of 60–70 μm length. Figure 4 describes the optical micrograph of
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Fig. 2 Photograph of
atomization casting set-up

___  
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α-Al
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Fig. 3 Optical micrograph of as cast Al–40% Si showing long columnar grains of α-Al
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Fig. 4 Optical micrograph of atomization-deposited Al–40%Si uniform distribution of Si-rich
grain

atomization cast alloy. It shows the distribution of primary Si is uniform throughout
the figure having a size of 2–5 μm.

The Brinell hardness and tensile properties of ingot cast and atomization cast
Al–40%Si are listed in the table given below.

The Brinell hardness of atomized cast is higher as compared to that of ingot cast
alloy. The increase in hardness of Al–Si alloys with increase in Si content occurs
because Si is a harder phase and it is uniformly distributed throughout the casting [2].
The yield strength and ultimate tensile strength data for ingot cast were not found
due to difficulty in machining.

Fine grain formation in atomization casting and uniform distribution of second
phase (due to rapid solidification) leads to high hardness (Table1) as compared to
that of ingot cast alloys [3]. The yield strength and ultimate tensile strength of ingot
cast Al–40%Si were not found due to the inability to machine the ingot cast alloy.

Table 1 Mechanical properties of ingot cast and atomized cast alloy

S. No. Casting route BHN Yield strength (MPa) UTS (MPa)

1 Ingot casting 90 – –

2 Spray cast 125 95 108
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4 Conclusions

The optical microstructure shows the grain refinement in the atomization cast alloy.
The uniform distribution of secondary phase occurs in the spray casting. The Brinell
hardness of ingot cast Al–Si alloys is lower than that of atomization cast alloys. The
tensile strength for atomization cast alloys is found to be better than ingot casting.
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Dynamic Analysis of Boring Bar
for Advancement of Tool Life While
Lessen the Machining Time Through
FEA

Shweta Sonkar and Prabhat Kumar Sinha

1 Introduction

Boring is the process of enlarging the drilled hole or cast by means of single-point
cutting tool, for achieving maximum shortest possible accuracy of hole diameter, or
tapered hole can also be cut. Boring seems like the internal-diameter counterpart to
turning, which cuts external diameters (Fig. 1) [1].

Micro-boring is acceptable for various diameters and chips can be easily removed
due to “cooling through spindle.” A small boring bar inserted into one of the hole
accompanied by superior range through fastener. Chatter is sourced through differ-
ence in chip width. Vibration shows quick tool wearing and bad exterior appearance.
The factor which affects chattering is tool edge kinematics [2]. An extended boring
bar fixed at one end is used to unguarded because of their less inflexibility. Tomake it
extremely effective, statically and dynamically inflexible improve static stiffness and
optimize the bar geometry for dynamic stiffness, increase the damping of the struc-
ture. To avoid boring bar chattering, the different damping methods are used. The
present work enquires an alternative method for straining of spontaneous amplitude
or incrementing the dynamic flexibility. Representation of boring bar is inspected
by finite element method. Between preceding and succeeding cutting stage shifting
occurs, it energizes tool for chattering of frequency (ωc) which is near about to the
spontaneous frequency (ωn). Superior vibration while boring is radial and therefore
examines only one-dimensional vibration. The systemic shifting in radial direction
can be found by:

ϕ(i) =
ω2
n
r

s2 + 2Xωn + ω2
n

(1)
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Fig. 1 Boring process

Here, ωn = Spontaneous amplitude (Rad/s), r = Modal Stiffness (N/M), X =
Damping Ratio. In the present work, only one means is investigated. For finding the
condemn width use following:

nlim= −1
2Fi ∗S(ωc )

(2)

Here Fi = Cutting force coefficient (feed direction), S(ωc) = Chatter frequency
transfer function, ωm = Direction of Chip width. Chatter frequency is proportional
to cutting speed by (Fig. 2):

ωm

ωn
= 2πr + ε (3)

According to the present work, spontaneous amplitude governs by the volume of
the fluid. In order to change, the cutting operation tool moves in an unsteady region.

Fig. 2 Effect of changing ωn and ζ on chatter stability
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In order to continuous change in bar design, a governing system requires which sense
variation. By changing the design of bar, amplitude variation (chatter) can be find
[3].

2 Machining Parameters of Boring

The variables that include in the operation are machine rpm, amount of feed, and
depth of cut, selected numerically [4]. Parameter that affects the boring operations
is as follows:-

2.1 Spindle RPM

It refers the spindle speed and work. It is expressed by product of the spindle speed
to time with perimeter meter and represented by m/min. By varying the diameter,
cutting speed also varies while rotating speed remains same.

v = πDN/1000m/min (4)

where v = Rotating/Cutting speed (m/min), D = Opening diameter of the work
(mm), N = spindle speed (rpm).

2.2 Rate of Feed

It refers to the rate at which the tool moves along with the direction of cutting and is
directly proportional to the spindle speed; it is represented by mm/rev min.

1m f = FN mm (5)

where mf = Feed (mm/min), F = Feed (mm/rev), N = Spindle speed (rpm).

2.3 Cutting Depth

It refers the width of chip remove by one time travel of tool, represented by mm.

dcut = D − d/2 mm (6)
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3 Vibration Basics

Oscillation is a repetitive variation with respect to time. Mechanical systems are
prone to vibrate if they can store energy in two different forms, usually potential and
kinetic, in a way that energy can flow from one form to the other.

3.1 Vibration in the Boring Operation and Its Influence

In manufacturing industries, vibrations are introduced in various cutting operations.
To eliminate vibration, proper parameters must be taken at the production planning
stage like cutting velocity, feed rate, cutting depth with respect to the workpiece as
an integration. It influences the tool life and surface integrity. Then the conclusion
adopted from the following relation:

T = 48.36 ∗ 10

v4 f 1.6dw.28
(7)

where v = Cutting velocity (m/min). f = Feed rate (mm/rev), dw = Cutting
depth(mm) [5].

3.2 Cutting Force Modeling for Boring Operation

In boring operation, the cutting forces are represented by friction force (Ff), which
resolves into the feed direction to find feed force (Ff) and radial direction to find radial
force (Fr) and tangential force (F t).The distribution of chip thickness is different
along the different cutting edge contact point and dependent on the tool dimension,
rate of feed, and cutting depth in radial direction (Fig. 3) [6].

At any point, the differential functional cutting forces for the cutting edge contact
modeled for local chip area (∂A) and contact length of the chip cutting edge (∂L) are:

∂Ft = ∂Ft1 + ∂Ft2 = Kt1 · ∂A + Kt2 · ∂L (8)

∂Ff = ∂Ff1 + ∂Ff 2 = Kf1 · ∂A + Kf2 · ∂L (9)

where ∂F t1 and ∂Ff1 = given by the chip removal, ∂Ff1t2 and ∂Ff2 = given by
rubbed surface finish edge, K t1 and K f1 = cutting coefficients, which depends on the
local rake, inclination, chip flow angles, cutting conditions and work–tool material
properties, K t2 and K f2 = cutting coefficients, which depends on the cutting edge
condition, It can be determined by orthogonal (2-D) to oblique (3D) alteration [7].
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Fig. 3 Illustration of force directions in boring process

3.3 Vibration Control Techniques

It is a periodical motion, by means of suppression or elimination of an undesir-
able variation into desirable term, finding the maximum variations is the main aim
of vibration engineering. Vibration can be minimized by active damping, passive
damping or semi-active damping methods for the strengthening of boring bar [8].

Active Type Damping
This method is used to reduce variation in boring bar by means of system modifica-
tion. In this vibration depletion, signal transfers during themachining operation, then
inspecting the mode of amplitude. These systems need wire to transmit the energy.

Semi-Active Damping
Semi-active system is similar like active damping in which small amounts of vitality
need without variation, energy cannot be released but it controls other functions.

Passive Damping
Passive damping is used to change the mechanical work into heat energy, which is
responsible for the variation, exhausted by using visco-elastic materials.
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4 Review of Literature

Lin et al. enquired all the necessary parameters for Aluminum alloy 6061T6 of CN
boring optimization by GRA analysis. Rate of feed recognized as an effective factor
of maximum roughness.

Balamuruga Mohan Raj et al. have conducted a test by taking the different
values of cutting velocity, cutting depth, and rate of feed in boring. By usingGaussian
regression analysis, the surface integrity has been forecasted, which is a function of
tool vibration.

Alwarsamy et al. investigated about cutting forces, which is hypothetically
resolves on the direction of indirect force component or tangent force ( ft), feed
force ( ff ), direct force component or radial force ( fr), whereas the cutting force is
inversely proportional to the cutting velocity and the cutting depth or chip thickness
is directly proportional to the cutting force.

Atabey et al. investigated about chip dimensions, cut from insert, used as a func-
tion of geometric design of tool, feed, and cutting depth. That results in the impact
of cutting forces direct with chip area and indirect with feed and cutting depth.

5 Materials and Methods

Boring is a metal cutting operation that bores the accurate holes in the workpiece or
enlarges the existing hole. Tool, which is used to execute and the boring operation is
known as boring bar, is characterized by large L/D ratio. Vibration occurs because of
using long slender kind of boring bar. During the boring operation, the motion of bar
is considered as the force components in the direction of cutting velocity and depth
of cut [9]. It is assumed that in an intrinsic variation the tool wear and L/D ratio
is remained unchanged but the cutting velocity, cutting depth, and feed rate vary.
This present work, study focused on various cutting parameters effect at the time
of machining. Vibration is caused due to periodic oscillation of kinetic elements of
cutting forces, which arises from the initial frequency of vibration.

6 Conclusion

In this research, an encyclopedic study of single-point cutting tool and micro-boring
using CNC is presented. The collaborative function of cutting implemented and
examined by machining at different feed rates, cutting depth and cutting speeds
by inserting an asymmetrical design of the rake geometry which is approximately
corresponded to the chip geometry and cutting forces, was examined through the
cutting force equations and proved that the used material and their specification are
verified.
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The collaborative functions of cutting for even rake face inserts are assumed
extraneous (2-D) to implicit or slang (3-D) alteration.
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Nanofuels: An Advancement in Biodiesel
Applications

Apurv Yadav, Manish Kumar Shivhare, Vineet Kumar Vashishtha,
and Harsha Yadav

1 Introduction

Energy demand is escalating exponentially per year as perpetual industrial expansion
is happening. This demand is causing two of theworld’smajor problem: pollution and
depletion of conventional energy resources. To overcome the energy crisis, several
steps have been taken by the researchers. Numerous policies are being implemented
by various governments [1]. Efficient use of existing renewable energy resources
is being considered [2–4]. Storage capabilities of solar energy systems are being
enhanced [5, 6]. Neural network-based prediction technologies are being used for
wind power systems [7]. Exploring various plants as biodiesels is also a major
research topic [8]. Application of biodiesel is like the killing of two birds with one
stone. India ranks third in the list of global energy consumers as shown in Fig. 1.

Due to this, there is a vast amount of diesel combustion, which increases pollution.
The main source of diesel pollution is automobiles. Biodiesels are a solution to this
pollution problem but their performance is not at par with diesel. Their efficiency
needs to be enhanced to have a significant performance impact. Modification of
fuel is adopted by several researchers as a promising method to enhance engine
performance. The effect of additives in biodiesel is discussed by Riberio et al. [10].
Additives are required by biodiesel blends to stability, lubricity, and combustion
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Fig. 1 Global energy consumption [9]

efficiency.There canbe a classificationof additives basedon their purposes.Additives
in biodiesel also affect their performance of combustion and their emissions.

2 Nanoparticle Additives in CI Engines

Nanoparticle additives have currently piqued the interest of the researchers world-
wide. Jones et al. analyzed the outcome of adding nanoparticles of metal oxides of
metal in biofuel and found that the quantity of heat released increases with additive
concentration [11]. Kannan et al. found that adding of metal additives in blends of
biodiesel greatly diminish its emissions and brake-specific fuel consumption (BSFC),
while it increases its heat release rate, brake thermal efficiency, and cylinder pres-
sure [12]. Figure 2 showcases the performance of BSFC against engine load for three
different samples: a nano-biodiesel (B19MCE1), a diesel, and biodiesel (B20).

Sajith et al. stated that dispersing ceriumoxide nanoparticles in blends of biodiesel
reduces its NOX and hydrocarbon emissions but it increases its viscosity [13].
Devarajan et al. found a reduction in emissions by including nanosilver oxide in
biodiesel blends of neem oil [14]. These additives affect different parameters of
an engine. Triratanasirichai observed that the on adding nano-sized additives, the
kinematic viscosity of the biofuel is decreased [15]. Another researcher observed
that the flash point of the biofuel reduces by the introduction of nano-additives
[16]. Karthikeyan et al. reported that nano-sized additives in fuel increase its cetane
number and calorific value [17]. BSFC of the test engine was reported to reduce
by the addition of oxide nanoparticles as it oxidizes engine deposits leading to effi-
cient and smooth operation [13]. Also, the brake thermal efficiency has been found
to increase as higher calorific value reduces ignition delay, increases evaporation
rate and increases flame temperature [18]. Figure 3 shows brake thermal efficiency
characteristics for the same samples as described in Fig. 2.
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Fig. 2 BSFC characteristics for a nano-biodiesel, a diesel, and a biodiesel sample

Fig. 3 BTE characteristics for a nano-biodiesel, a diesel, and a biodiesel sample

Emission from the diesel engine is also controlled by the use of biodiesel. Keskin
et al. reported a 20% cutback in NOX emissions by employing nano-cerium oxide
[19]. Hydrocarbon (HC) emissions are also known to be reduced by addition of
nanoparticles in biodiesel [20, 21]. Hydrocarbon emissions for samples described in
Fig. 2 are presented in Fig. 4.
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Fig. 4 HC characteristics for a nano-biodiesel, a diesel, and a biodiesel sample

Mehregan andMoghiman found thatAl nanoparticle addition in biodiesel reduced
its carbon monoxide emissions [22]. Smoke emissions also trimmed by the addition
of nano-cerium oxide in fuel. Smoke opacity has been found to reduce.

3 Conclusion

Nanoparticles provide increased surface area due towhich the heat transfer increases.
The enhanced heat transfer improves combustion performance. A huge range of
nano-sized additives could be dispersed in biodiesels. Literature has shown that
nano-additives in biodiesel have improved brake thermal efficiency, proper combus-
tion, air–fuel mixing rate, and catalytic activity. Reduction in emissions of carbon
monoxide, NOX , smoke, and HC was also experienced. Engine heat release rate and
its chamber pressure are also enhanced which consequently elevates the evapora-
tion rate of the fuel. Still, much research is required for the search for cost-effective
nano-additive for biodiesels.
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Prediction of Wind Power Curve Based
on Wind Speed and Direction Utilizing
Artificial Neural Network

Swaroop Ramaswamy Pillai, Apurv Yadav, and Vineet Kumar Vashishtha

1 Introduction

Electricity is a primary factor for economic advancement of any nation [1]. Produc-
tion of electricity increases global energy demand. Conventional sources of energy
are not sufficient to produce the current energy demand [2]. Additionally, these
energy sources are one of the major cause of pollution. Lawmakers around the world
are implementing several policies to reduce pollution [3]. There is a shift toward
the exploration of new sources of energy and enhancing the efficiency of existing
renewable energy resources. Various biodiesels are being explored to reduce the
pollution from fossil fuel in automobiles [4]. Several materials have been investi-
gated to enhance the performance of solar thermal systems [5–8]. Adoption of more
andmore solar or wind-based energy generation techniques are being considered [9].
Wind energy has grown popular due to its environment-friendly and modular nature
[10]. Wind speed distribution of average 7 m/s is required for efficient functioning
of a wind turbine. But, wind has an intermittent and stochastic nature. Prediction of
the available wind energy is crucial for determining the feasibility of a wind power
plant. Wind energy engineers are utilizing artificial intelligence-based techniques to
assess the output of proposed wind farms. At different heights of the wind turbine,
wind hitting force at the turbine tip is different [11]. Often analytical computer codes
are used to gauge the performance and energy flow in wind power systems. These
modeling codes uses complicated algorithms, which requires solving complex differ-
ential equation. Longer duration and a considerable amount of power are required to
generate precise predictions. In lieu of confusing complex models, artificial neural

S. R. Pillai (B) · A. Yadav
Amity University Dubai, Dubai 345019, UAE
e-mail: spillai@amityuniversity.ae

V. K. Vashishtha
Krishna Institute of Engineering & Technology, Ghaziabad, UP 201206, India

© Springer Nature Singapore Pte Ltd. 2021
M. Muzammil et al. (eds.), Recent Advances in Mechanical Engineering, Lecture
Notes in Mechanical Engineering, https://doi.org/10.1007/978-981-15-8704-7_63

515

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8704-7_63&domain=pdf
mailto:spillai@amityuniversity.ae
https://doi.org/10.1007/978-981-15-8704-7_63


516 S. R. Pillai et al.

networks (ANN) can grasp critical information patterns in the confines of multi-
dimensional information field. As wind energy system has inherently noisy data,
it provides suitable problems to be managed by neural networks due to their noise
immunity and tolerance [12]. Earth receives about 1.74× 104 KWof energy from the
sun [13]. Equatorial region gets considerablymore amount of heat than polar regions.
Due to this, the density of air at the equator decreases, and it becomes lighter and
rises. The pressure drop makes air at the polar region to flow there, and it causes
wind. Wind power generation is greatly dependent on wind density and wind speed.
Power generation from the wind turbine is obtained by

P = 0.5ρAV 3 (1)

whereV is the wind velocity inms−1,A denotes the swept area of wind turbine blades
inm2, and ρ denotes air density in kgm−3 [14]. Other than these factors, many factors
influence wind turbine power such as rated wind speed, cut-in speed, and surface
roughness [15]. Interdependency on all these factors requires artificial intelligence
for forecasting of performance. Power generation capability of a wind energy-based
power park was predicted by an advanced ANN model developed by Kariniotakis
et al. [16]. Catalao et al. did a forecast of short-term wind power by ANN in Portugal
[17]. Wind speed profile is modeled using ANN in Nigeria by Fadare [18]. Kulkarni
et al. used ANN with other techniques for wind speed prediction [19].

2 Prediction of Wind Power Curve

The hourly data for five days in August month is taken from a wind turbine [20].
Fig. 1 shows the wind rose diagram which gives the data on both wind speed and
wind direction. From the figure, it is evident that the wind rose shows different wind
speed and direction which is used for data training.

Figure 2a indicates the wind speed taken hourly. It shows that the wind speed was
constantly varying between 4 m/s and 15 m/s. Figure 2b shows the wind direction
measured in degrees. It is also evident that the wind speed varies from 120° and 300°.
These two datamainly decides the energy per unit time produced by thewind turbine.
Figure 2c indicates the power curve which varies between 1.5KWh and 14KWh. The
energy theoretically depends only on the wind velocity, length of the blade, and the
density which both are nearly constant. There are various other parameters which
decides the energy curve. Hence, in this model, neural network is utilized for power
curve prediction based on the past data.

Figure 3 indicates the learning curve from the neural networks. The error rate can
be seen coming down with the number of iterations. The error is around 1.5 after
thousand iterations. It can be also further reduced by adjusting the weights and by
increasing the number of iterations. Figure 4 indicates that the actual and predicted
power curve. It can be observed that the both actual and predicted follows the same
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Fig. 1 Wind rose diagram [20]

path for little error. This can be also used for predicting the output for the new set of
data.

Figure 5 also indicates the three-dimensional data for the power curve. The x- and
y-axis showing the wind speed and direction. The z-axis indicates the power. It can be
seen how the data are distributed. The blue dots indicates the predicted data, and the
red dots indicates the actual data. It can be seen how both are clustered at one place
which shows the accuracy of prediction. The wind direction here is represented in
degrees after multiplying the scale by 10. The energy is expressed in Kwh with scale
divided by 10. This scale is adjusted to obtain more accuracy when trained with the
neural network.

Figure 6 indicates the neural network model which shows that inputs are wind
speed and direction, and energy is the output. In this, it can be seen that two input
layer, one output layer, and one hidden layer are used. The weights are updated based
on the formula shown below. In this equation, WAB(New), WAB(Old) are the old and
new weight matrix. η is the learning rate, E is the error, I is the input matrix, and O
is the output matrix.

WAB(new) = WAB(old) − η
∂E2

∂ IB
OA (2)
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Fig. 2 aWind speed curve, bwind direction, and c power curve based on wind speed and direction
[20]
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Fig. 3 Learning neural networks

Fig. 4 Actual power curve versus predicted power curve

3 Conclusion

It can be observed in the simulation how that how the neural network is able to predict
the energy. In this model, wind speed and direction data is taken as input, fed to the
neural network back propagation algorithm after allotting the initial weights. After
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Fig. 5 Energy curve based on wind speed and direction

Fig. 6 Neural network model

many iterations, it can be found that the algorithm is able to predict the power based
on the old and the new data. This model can be used forecasting the power curve
and hence in the operation and management of wing power plants. ANN techniques
could be applied in wide range of identification, field prediction, forecasting, evalu-
ation, modeling of wind energy systems. ANN could be further extended to different
functions like optimization of network configuration of large-scale wind energy
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conversion-interconnected systems, quick security evaluation, hybridization with
other intelligent systems, stability enhancement, and preventive control measures.
Suitable data selection is crucial for setting up of an ANN system. The training data
set should be selected such that it is representing every operating mode of the system
as the performance of the model depends on it. The application of ANN in wind
energy systems are growing increasingly popular. Research on ANN application in
wind power systems is expected to rise in the coming years.
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A Review on Different Types of Hybrid
Fiber Reinforced Composite

Ranjeet Kumar, Anurag Gupta, and Kunwar Laiq Ahmad Khan

1 Introduction

In composites, there are two main constituents, one is a matrix (primary phase),
and the other is reinforcement (secondary phase). Sometimes, some other addi-
tives known as fillers are also used in composite materials to alter the properties
of the same. In search of better and better materials, researchers start experimenting
in the field of composites which lead to using multi-reinforcement in the single
matrix for improvement of composite materials having single reinforcement. The
composite materials having more than one type of reinforcing material are called
hybrid composite materials.

Hybrid composites have large engineering applications where the tailored ratio
of strength to weight at low cost is required. It provides a combination of mechan-
ical and physical characteristics such as compressive strength, tensile strength, wear
resistance, resistance toward chemical reactions, specific gravity, and many more. In
the last two decades, hybrid composites are proved to be high-performance structural
materials, consequently being used rapidly day by day. The use of hybrid composites
is justified when a combined property of different types of fibers is to be achieved
in a single FRP composite. In hybrid composite, it is possible to combine the advan-
tages of individual properties and simultaneously justifying their less advantageous
qualities. While selecting, the reinforcements special care should be taken toward
the compatibility of two or more reinforcement in-between and with the matrix for
developing HC. To study, the possibilities of different reinforcement that can be used
to develop HC is of great interest to the researchers.
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A review is carried out in this paper on the current status of available hybrid
composite materials and their mechanical properties for various applications with
some details of the hybrid composites.

Application of Hybrid Composite

• Aeronautical applications
• Wind power generation
• Marine applications
• Hybrid composites for civil construction and automotive industry
• Hybrid thermoplastic application
• Hybrid composites for telecom applications.

2 Literature Review

2.1 Glass and Carbon Fiber Hybrid Composite

Glass fiber reinforcement is one of themost popular reinforcement for FRPcomposite
because of the ease of availability in a variety of forms for the manufacturing of FRP
composite for different applications. The specific gravity of glass fiber is higher as
compared to carbon fiber which restricts the use of glass fiber reinforced (GFRP)
composite where a high strength-to-weight ratio is the prime requirement. At the
same time, the cost of the carbon fiber is about 10 to 15 times more than glass fiber
which restricts the use of carbon fiber. To take the advantages low cost of glass fiber
and high strength of carbon fiber, researchers have started working over glass and
carbon fibers FRP composites.

Mahdi et.al [1] investigated the hybridization effect on different types of compos-
ites that is, glass fiber epoxy, carbon fiber epoxy, glass–carbon–glass/epoxy, carbon
glass–glass/epoxy, and glass–glass–carbon/epoxy. The structure with glass–carbon–
glass/epoxy showed good energy absorption capability. Jesthi et.al [2] examined the
effect of carbon and glass fiber stacking onmechanical characteristics of glass/carbon
hybrid composite. The characteristics of the glass-carbon hybrid composite were
compared under dry and seawater environments. The maximum strength of the
composite was found 490 MPa with carbon-glass-glass-carbon- glass staking. It
was observed that even a small amount of carbon fiber reinforcement in the GFRP
composite can change themechanical characteristics of FRP composite significantly.
Wu et.al [3] reported that replacement of 10% glass fiber by carbon fiber improves
the flexural modulus of GFRP composite by 35% and gives the best result at glass and
carbon fiber ratio of 1:1. A layer of carbon was placed in a glass–epoxy composite by
Wisnom et.al [4]. Themagnitude of the effect of the hybridization depends on the ply
thickness. There was a hybrid effect on the stress–strain diagram when the carbon
layer was only 29 µm thick was of up to 20% only, and there was no significant
effect reported for plies in excess of 80 µm thick. Zhang et.al [5] reduces the weight
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of the automotive vehicle body without excessive cost increase by using carbon fiber
hybridization inGFRP composite along themain load path. The best flexural strength
was found in carbon reinforcement which was 50%, and it was placed at the exte-
rior, whereas compressive strength was highest by alternating carbon/glass lay-up.
Bhagwat et.al [6] developed a glass/carbon hybrid FRP composite using 70% glass
and 30% carbon fiber by hand layup process and found excellent improvement in the
compressive and tensile strength and young’s modulus. Chelliah et.al. [7] discussed
the failure modes of GFRP, CFRP, and glass- carbon fiber hybrid epoxy resin lami-
nates using acoustic emission (AE) monitoring for uni-axial tensile loading. It was
concluded by the above study that the failure and accumulation of glass-carbon fiber
hybrid/epoxy FRP composite were delayed along with better strain-to-failure rate
as compared to GFRP and CFRP specimens. Dong and Davies [8] have hybridized
S-2 glass and T700S CF, they found maximum hybrid effect at 0.125 hybrid ratio,
and both fibers were reinforced in equal amount. The optimal hybrid effect was
found 56.1% when glass and carbon were taken as 47.48% and 63.29% by volume,
respectively.

2.2 Glass and Natural Fiber Hybrid Composite

Due to growing waste problems, environmental concerns, and sustainability, the
researchers are focusing on the natural fibers having higher specific strength, stiff-
ness, and lower weight and cost. Many natural fibers have been used by researchers
such as jute, pineapple leaf, sisal, kenaf, bagasse, and banana. Mishra et.al [9] have
reported that the mechanical properties of the hybrid composites were increased
significantly by adding a relatively smaller amount of glass fiber into the hybrid of
sisal and pineapple leaf reinforced into polyester resin. A composite by hybridization
of jute sisal and glass fiber reinforcement in polyester resinwas developed byRamesh
et.al [10, 11]. Themechanical properties were improved by the inclusion of sisal–jute
fiber with GFRP. They further investigated the hybrid glass fiber-jute/sisal reinforced
epoxy composites. The sisal fiber with GFRP displayed better tensile strength as
compared to GFRP composites reinforced with jute fiber, whereas GFRP compos-
ites reinforced with jute fiber were having better flexural strength. An investigation
was carried out by Deshpande and Rangaswamy [12] on E-glass and fiber-jute-fiber
reinforced epoxy composite which was fabricated by mixing different amounts of
coconut shell powder and bone. The flexural strength, shear strength, and hardness
were improved when 15% coconut shell powder by volume was filled to the glass
fiber-jute-fiber composite, whereas the impact strength was reported maximum by
adding 15% (by volume) of bone powder. Atiqah et.al [13] manufactured kenaf-glass
fibers reinforced composite with a matrix of unsaturated polyester resin in a ratio
of 7:3(by vol.) with treated as well as untreated kenaf fiber. The treatment of kenaf
fiber was done with a 6% sodium hydroxide diluted solution for 3 h. They found
maximum tensile, bending, and impact strength as compared to treated kenaf with
the ratio of 15:15 by volume of kenaf-glass fibers reinforced hybrid composite. Aslan
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et.al [14] analyzed mechanical properties and wear performance of polypropylene
matrix reinforced with sisal-glass and sisal-carbon fiber hybrid composite. The tribo-
logical performances of the composite were decreased by the inclusion of sisal fibers
on glass fiber and waste carbon reinforced PP composites. It was found that the
hybrid ratio of 1:3 results in the best frictional and mechanical performances hybrid
composite under consideration. Melo et.al [15] had manufactured the composite by
hand layup process using glass fiber cross-ply fabric having nine layers of ply in
an epoxy matrix reinforced with microparticles of Portland cement. Particle inclu-
sions were done only up to the exterior four layers, with a curing time of 28 days
and uniaxial compaction. A considerable increase was found in flexural strength and
modulus. Gupta et.al [16, 17] developed pultruded glass fiber reinforced polymer
(PGFRP) composite and pultruded jute fiber reinforced polymer (PJFRP) composite
filled with hybrid filler containing calcium carbonate carbon black in bagasse fiber
and found that hybrid filler significantly affects the mechanical properties of both
the composites.

2.3 Natural and Natural Fiber Hybrid Composite

The researchers working in the field of material development are very vigilant about
sustainablematerialwhich is environmentally friendly. The awareness about the envi-
ronment leads the researchers to develop and analyze natural fiber FRP composite. It
was also observed single natural fiber reinforcement do not produce the desired char-
acteristics, but a combination of two or more type of reinforcement is helpful to tailor
the characteristics as per requirement. Jawaid et.al [18] prepared hybrid composites
by hybridizing oil palm fibers and jute in the epoxy matrix. It was reported that
the addition of jute improves the elastic modulus and tensile strength of the above
composite. Boopalan et.al [19] developed jute and banana fibers hybrid composites
using different weight ratios of two fibers into the epoxy matrix. The mechanical and
thermal properties of the hybrid composite were increased by reinforcing 50% (by
weight) of banana fiber into jute-epoxy composites, whereas moisture absorption
capabilities were found decreased. Ramlee et.al [20] fabricated hybrid composites
made by sugarcane bagasse fiber and oil-palm-empty-fruit-bunch (OPEFB) rein-
forced with phenol–formaldehyde. Hybrid composites exhibited better performance
than the other composites. They also found that OPEFB fiber-based composites
had great mechanical quality because of higher cellulosic content, while SCB fiber
decreased the water contents and void in fiber composites. Venkateshwaran et al.
[21] prepared hybrid composites using sisal and banana fibers in the different ratios
as 0:40, 10:30, 20:20, 30:10, and 40:0 with overall 40% fiber volume fraction. The
author has examined the tensile strength and modulus of short, haphazardly oriented
natural fiber (banana and sisal) reinforced hybrid composites. Sudhir Kumar and
Chandan [22] examined the properties of jute fiber and bagasse hybrid compos-
ites for different bagasse stacking in the jute fiber reinforced composite. Furfuryl
alcohol-grafted bagasse fiber varied from 20 to 50% in improvised jute fiber epoxy
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composite increased the strength of composite in tensile, flexural, and impact test by
52, 43, and 59% respectively. Filho et.al [23] analyzed the impact behavior of hybrid
composites manufactured by hybridizing bagasse sugarcane fibers with disposed
of rubber particles. By treating sustained chemicals of the bagasse fibers, compos-
ites stiffness enhanced, and energy absorption was decreased. Subsequently, higher
energy absorption was reported in the composites made of untreated bagasse due to
the enhanced pull-out mechanism of the fiber.

2.4 Carbon and Natural Fiber Hybrid Composite

Carbon fiber which is light and exceptionally strong is very expensive although
it has high stiffness and strength-to-weight ratio. So, the researchers have started
hybridizing carbon epoxy composites with natural fibers which are having compara-
tive specific strength, stiffness, and lower weight and cost.Murty andDe [24] investi-
gated the effects of carbonblack and silica on the bondbetween jute alongwith natural
rubber and reported that the carbon black is better filler for reducing the requirement
of least amount loading of jute fiber to accomplish reinforcement. Anuar et.al [25]
have done hybridization of carbon fiber (natural rubber-based) with kenaf fiber. The
hybrid composites with overall fiber contents of different % volume were investi-
gated for flexural and impact testing, and up to 30% fiber content was considered in
the samples. The strength and elastic modulus found increased up to 15% volume
and then declined during flexural test, whereas during impact testing, improvement
in the strength of treated and untreated composite was reported with the higher fiber
contents. They also reported that the flexural properties of the composites having a
single type of reinforcement better as compared to that of hybrid composite. Assarar
et.al [26] have investigated damping characteristics of flax carbon epoxy composites
due to staking sequences. The damping coefficients flax carbon epoxy composites
were more than the carbon composite. The other mechanical and dynamic prop-
erties were also highly dependent on the stacking sequential arrangement of flax
and carbon layers. Pathak et.al [27] investigated the flexural strength of polymer
composites with graphene oxide which was used as filler for the manufacturing of
carbon-fiber-graphene-oxide-epoxy hybrid composites. The flexural strength of the
resulting hybrid composite was increased by 66%, whereas flexural modulus was
increased by 72%.

3 Conclusion

It is concluded that various researches had been carried out to enhance themechanical
properties of composites by hybridization of composites. Further research may be
carried out to improve the engineering applications of hybrid composites. Design,
research, and product development efforts need to address the following issues.
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• The manufacturing processes of FRP hybrid composites should be examined
thoroughly, and more focus should be given to especially those factors that affect
the microstructural integrity of the composites.

• A more detailed study should be done on the damaging tolerant properties such
as fracture toughness, ductility, and creep in the hybrid composites.

• More focus should be given to manufacturing high quality at low-cost reinforce-
ments from industrial/domestic wastes and by-products based on non-standard
fibers & matrices to make the composite economical and nature-friendly.

• There is a great need to classify different types of hybrid composites based on
their properties and manufacturing cost.

To quantify the undesirable defects in the hybrid composites, it is needed to
develop simpler, more economical, and portable non-destructive methods.
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A Review Study on Solar Still: A Novel
Approach of Solar Distillation

Javed Ahmed, Hardik Tyagi, Kartikey Joshi, Gaurav Bhardwaj,
Ashok Kumar, Vineet Kumar Vashishtha, and Sandeep

1 Introduction

Solar energy is radiant heat from the sun that is an unlimited source of power, existing
in exuberance and causes no pollution. Our Earth obtains huge power from the sun.
Solar distillation is one of the ways to obtain clean water from brackish water with
the help of solar energy. It uses natural rain water cycle in its operation and provides
the purest form of water.

As in remote areas, distillation processes are not feasible as they are uneconomical;
therefore, to do so, we have this process of desalination which works on the natural
evaporation and condensation phenomenon which is instrumental in natural rain
water cycle [1].

The first solar-still plant was constructed around 1872 by a Swedish Engineer
Charles Wilson. In this plant, the basin water was heated up by the solar radiation.
The evaporated vapour condensed on inner glazing surface; the distillate condensed
output was collected in the collecting tank/channel. A solar still has many advantages
over other devices such as low cost, simplicity, ease of maintenance, and low envi-
ronmental impact. The only drawback is its low performance. The representation of
solar still is shown in Fig. 1.

2 Classifications of Solar-Still

Solar-stills are classified in two parts: active and passive solar-still (Fig. 2).
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Fig. 1 Conventional double slope solar still

Fig. 2 Categorizations of solar-still

2.1 Passive Solar Still

It is the basic form of solar-stills which operates in day time only with no other added
source of heat. It is available with a single basin coated with some absorber usually
black paint. There is a glass cover which entraps the solar heat inside the still and
helps in the evaporation of water to be desalinated. Here, efficiency is dependent on
the strength of sun rays and the clean water distillate daily output. The water depth
is kept small here and the distance between the inner surface of the glazing surface
and water surface is kept low. Generally, the basic design of a passive solar-still is
as shown in Fig. 3
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Fig. 3 Passive solar still

2.2 Active Solar Still

It is the modified form of passive still. Due to low efficiency, the passive still is
attached with added heat supplying accessories transforming it to active solar still.
A better productivity is obtained with high basin water temperature after preheating
and refining. The design of active type solar-still is depicted in Fig. 4.

Fig. 4 Active solar-still
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3 Design Alterations in Solar-Stills to Enhance Their
Performance

To enhance performance of passive-stills, various changes are made.
Some of the variations possible are:

(i) Types of materials used
(ii) Inclination angle of the glazing surface
(iii) Absorbing materials inside the stills
(iv) feed water composition
(v) Types of basin lines.

Panchal and Shah [2] made experimental study and showed using solar stills made
up of aluminium and galvanized iron types that the choice of material has an impact
on the performance of a still. He found that more daily distillate output was obtained
(around 3.8 L/m2 day) when using aluminium solar stills than when using galvanized
iron solar still (around 2.6 L/m2 day). Different researchers obtained different results
when it comes to the inclination angle of the glass cover.

Tiwari et al. [3] determined that the optimal angle is 15° in Delhi (with latitude
angle approximately 28.6°).Muhammed et al. found the inclination angle of the glass
surface to be optimal at 33.3° in southern-west arid area of Pakistan (with latitude
angle 33.7°) [4]. Vinoth Kumar and Kasturi Bai reached a conclusion that the feed
water composition also impacts the performance of the solar still as they found sea
and tap water caused better productivity of the still than the industrial effluent which
was treated by the still [5]. Badran through his experimental studies concluded that
with the output of the still was more when he used asphalt instead of black paint as
liner [6]. Tabrizi et al. [7] worked on design on cascade solar-stills and showed that
the mass flow rate was found to be dependent on various factors such as internal heat
and mass transfer.

For improving the output of solar-stills attached with various solar collectors,
Sathyamurthy et al. [8] reviewed the influence of various parameters like water
depth, intensity of radiation, water flow rate, etc. El-Maghlany et. al. [9] studied the
prime angle of inclination of the glass surface of a double-slope-type solar-stills and
the orientation required for maximum collection of solar energy.

3.1 Solar Reflector

Solar reflectors help in enhancing the amount of solar-energy that reaches the solar-
still. Hiroshi obtained that distillate output could be augmented by inclining the
exterior reflectors at various positions (Fig. 1) as per the seasons [10]. Boubekri
and Chaker performed numerical study on the output of solar-stills, with the adding
of external and internal reflectors to have an augmentation in the performance of
72.8%. They found that the angle of inclination for internal and external reflectors
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must be under 25° and the optimal angle of the glass surface should be between
10° and 50° [11]. Madhlopa et al. [12] completed an investigation on calculation
of solar-radiation distribution in single slope type solar-stills with exterior and inte-
rior reflectors. Quality of surface finish & optical view factor is considered as an
elementary parameter.

3.2 Wicked and Stepped Basin Solar Still

These help to improve mass transfer and heat transfer inside stills to increase its
productivity. Halimeh et al. performed a relative study between exergy efficiency and
energy in a cascade stepped-type solar-stills and recordedmaximumexergy efficiency
and energy of 10.5 and 83.3%, respectively (Fig. 2) [13]. Sadineni et al. achieved
theoretical and experimental researches in stepped-type solar-stills and recorded
that the productivity came out to be 20% more than a conventional-type solar-still
[14]. Agouz performed some modification in the stepped-type solar-stills along with
continuous water flowwith the help of a cotton wick and found an increment of about
48% in the productivity.

Samuel performed tests with various wick materials such as coir mate, wool,
cotton, jute cloth, charcoal cloth, nylon sponge, and water coral fleece and found
that the water coral fleece was the best material [15]. Mahdi et al. thru tilted wicked
solar still and could accomplish an increment of around 53% daily productivity with
a charcoal wick [16]. Thus, it is determined that stepped and wicked-evaporators
could augment the productivity by 20–53%.

3.3 Thermal Heat Storage

This fundamental principle helps the solar still functions even after dusk. Scholars
have exasperated various assignments of the heat-absorbing materials. Storage of
heat can be of two types: the sensible heat storage and the latent heat storage.

Sensible Heat Storage
These are the materials that can store heat of the solar irradiation when there is abun-
dant of solar radiations and release heat when the irradiation is much less. Examples
include sponge, pebbles, red brick pieces, etc. Rahimused a black-painted aluminium
sheet just below the water surface and could obtain an output during nocturnal period
along with an efficiency of about 47.2% [17]. Velmurugen et al. studied the perfor-
mance of a stepped-type solar-stills having sensible-type heat storage under the basin
and found an increment in the same of about 65 and 68% along with pebble and
sponge material, respectively [18].
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Latent Heat Storage
Materials like phase changing materials (PCMs) like paraffin wax are used as a
PCMs. Omar et al. performed tests on a stills having PCM under the basin and
recorded enhanced productivity and efficiency both [19].

3.4 Basin with Fins

Fins enhance the surface area of the base and thus increases the heat transfer rate to
water. Velmurugan et al. conducted a trial in a single basin-type stills by modifying
it and recorded that the productivity increased by 45.5%, 29.6%, and 15.3% for
fins, wick, and sponge, respectively [20]. Velmurugan et al. designed a solar-still
having fins to heal industrial effluents. Even though productivity enhanced using fins
but greater improvements were obtained when pebbles and sponges were used. It is
obtained from different researches that too many fins can reduce the output [21].

4 Conclusions

From this reviewwork, it is being observed that solar still is one of the best alternatives
for the purification of water. It works on the principle of natural rain water cycle and
provides drinkable water for human consumption. Some of the conclusions which
comes out though this review is that

• Via this technique, one can replace the use of existing fossil fuel and secure the
environments from various harmful by-products like CO2, CO, NOx, etc.

• The productivity of the solar-stills can be improved by improving the evaporation
rate, condensation rate, and by minimizing the losses in still. The evaporation
rate can be upgraded successfully by the use of various absorbing materials like
PCMs.

• By the use of computational study like CFD analysis, one can consume the
experimental time and also save the expenditure cost in the setup of the project.
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A Comparative Analysis of Single Basin
Solar Still with and Without Nanofluids
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Ashok Kumar, Vineet Kumar Vashishtha, and Sandeep

1 Introduction

The population of India is increasing year by year and the number of industries is also
increasing, which give rise to the need of drinking water in a tremendous manner.
The only possible way of getting drinking water is from lake, ponds, rivers, well, etc.,
which have to be purified as they may contain harmful micro-organisms, bacteria,
virus, and mineral contents. And the general purification processes are chlorination,
boiling, and sand filtration. India is almost having 18% of the total world population
and the water sources available for Indian community is only 4% of the total water
sources present across the globe. The annual per capita of water available is from
6042 m3 during 1947, 1545 m3 in 2011, whereas during 2001, the total annual
per capita of water available is only 1816 m3. The latest survey concluded that the
water availability will reduce to 1340 m3 by 2025. The major utilization of ground
water source is for drinking and domestic purpose and the other major ground water
consuming sector is in irrigation.

Indian ministry of water resources and United Nations, UNICEF stated that
approximately 90% of the water discharged from the rivers does not meet the envi-
ronmental norms. Roughly, 60% of the rain water goes into oceans as a waste [1].
Except domestic and industrial sector, the next major use of water is in agriculture
sector [2]. Several techniques are available for getting the fresh and purified water.
These techniques include membrane and thermal processes. As the name suggested,
thermal processes utilize the energy in the form of heat; this heat energy is used
to evaporate the water to convert it into the vapour and after which these vapours
are condensed by giving its latent heat to the surrounding. The condensed water is
collected in the separate tank. Desalination of water through membrane includes the
use of perforatedmembrane having very tiny pores. The salinewater is pumped to the
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membrane through the pump. This operation includes the usage of electrical energy
to pump water. The main problem in using the membrane is the deposition of salt
on the membrane, blockage of pores of membrane, and fouling effect. But the use of
fossil fuels, wood, and the other fuels to operate the system make the system non-
eco-friendly and uneconomical. Solar distillation is a better solution to this problem.
Solar energy is renewable, green, and available free of cost and in abundance.

Solar desalination systems are divided into two major categories, namely:

• Direct desalination system
• Indirect desalination system.

Direct desalination system uses the solar energy and converts impure water into
distillate water. While in indirect desalination system, a solar thermal collector is
used to collect the solar energy and after this, stored energy is used in the running of
the desalination system. During the nineteenth century, the use of renewable energy
came into existence and after which the solar desalination units are designed and
fabricated to get rid from the shortage of potable water.

Solar still is a device which works on the solar energy. The solar radiation incident
on the glass of the still and goes to the base of the solar still where it helps to increase
the temperature of the water and water get evaporated to form vapour.

The vapour gets condensed on the inner surface of the glass due to the temperature
difference and the condensed vapour is collected in the freshwater tank. The principle
of solar still is based on the continuous evaporation and condensation phenomenon.

The constant water level inside the basin is maintained with the help of flow
regulating valve, which regulates and maintains the constant supply of water from
the reservoir (Fig. 1).

Solar stills are classified as shown in Fig. 2.

2 Literature Review

Abhinav and Hari Singh [3] performed experiments with and without nanofluids on
single basin passive type solar still. By using the Al2O3 as nanofluid, it increases
the thermal conductivity of water by 20% and the distillation process become faster
by 20% as compared to without using the nanofluid. By providing insulation of
thermocol and aluminium sheet and painting inner portion with black colour increase
the efficiency by 5%. It was noted that the overall efficiency of solar still increased
by 5% with usage of nanofluids.

Gan and Qiao [4] proved experimentally that the radiation absorption capacity of
Al2O3 nanofluids is less than the capacity of aluminium nanofluids. Nanofluids with
Al2O3 particles, the condition is different because of the different optical properties.

Filho et al. [5] conducted an experiment on silver nanoparticle as the direct
solar energy absorber. They concluded that the maximum stored thermal energy
was increased by 52%, 93%, and 144% for the concentration of silver particle of
1.62 ppm, 3.25 ppm, and 6.5 ppm, respectively.
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Fig. 1 Schematic representation of solar still

Fig. 2 Classification of solar still
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Hong et al. [6] investigated thermal conductivity of nanofluids. Fe nanofluids
were prepared with ethylene glycol and Fe nanocrystalline powder synthesized by a
chemical vapor condensation process. Thermal conductivity of a Fe nanofluid was
increased nonlinearly up to 18% as the volume fraction of particles was increased
up to 0.55 vol. %.

Subhash et al. [7] performed experiment on single basin double slope solar still
in two types; in type one, top of the glass is kept dry and in type two, the top of the
glass is covered with thin water film. The productivity of the solar still covered with
thin film have higher productivity and this is because the thin film which increases
the rate of condensation.

Jyoti and Ruchika [8] performed an experiment in which two identical single
basin single slope still are prepared. One still has the concrete cement block in basin
and other is a simple solar still. The outcome of the experiments is as the tempera-
ture difference between the basin and the glass inner surface increase productivity
increases. And the overall yield of modified still is increased by 25% due to the
concrete block.

Pavan et al. [9] performed an experiment on two different solar still; one is simple
solar still and other is external water source single slope still and the result is found
that as the quantity of water inside the basin increases, productivity decreases. And
the performance of external source still is much better than the performance of single
slope still.

Akash et al. [10] performed an experiment on single basin double slope solar still
with and without phase change materials and effect of reflectors and fins. He uses
paraffin wax as a phase change material and found improvement in the efficiency up
to 40.53%. But the cost of per litre of water is increased as compared to the cost of
per litre of water produced by simple solar still.

3 Conclusion

Solar still is a very simple device which converts the saline water into the potable
water with the help of solar energy. But the productivity of the simple solar still
is very low. To increase its productivity, many researches are being carried out by
using the different optimizations like using phase change materials, nanofluids, solar
reflectors, etc. These optimizations are helpful in increasing the productivity of the
solar still. To increase the productivity of the still, the heat loss to the surrounding is
also minimized which is also helpful to increase the productivity.
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Expedited Heat Transfer Rate
of Mesoporous Carbon-Enhanced PCM
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1 Introduction

Nowadays, energy storage is a major issue for researchers worldwide. As the tech-
nological advancement of the world demands more energy, these demands can be
met by conventional or non-conventional energy-generating techniques. Resources
of conventional energy sources are limited, hence there is a push for utilization of
renewable energy generation methods [1]. Solar thermal energy has direct applica-
tions such as swimmingpool heating, crop drying, domesticwater heating, freshwater
production, space heating, etc. Therefore, solar thermal energy storage is crucial for
both commercial and non-commercial applications. Phase change or phase transition
materials (PCM) are immensely popular among various techniques of latent heat-
based energy storage. These storage density of these materials are almost ten-fold
than that of sensible energy storage materials [2].

PCMs have found application in a variety of systems, such as energy-efficient
structures, solar energy systems [1–3], waste heat recovery systems, and storage
systems for central air-conditioning [4]. Increased efficiency of PCMs also means a
considerable reduction in storage system size and consequently cost reduction. Inor-
ganic salt hydrates are most promising PCMs. Their low cost, broad melting temper-
ature range, and high energy storage density are advantageous in many applications
[3]. However, the bulk of inorganic PCMs have an immensely low value of thermal
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conductivity, rendering them unsuitable for energy storage [5–9]. Amidst various
inorganic salt hydrate PCMs, hexahydrate magnesium nitrate (Mg(NO3)2·6H2O),
due to its many favorable characteristics, has risen as an appropriate PCM for
employability in energy storage applications with latent heat as their basis [10–13].

To solve the issue of poor thermal conduction of PCM and to amplify their heat
transfer performance, numerous approaches like the use of fins, addition of metallic
or non-metallic additives have been employed [14–17]. Out of different techniques,
the addition of highly thermally conductive nanostructures to PCMs to prepare nanos-
tructure enhanced composite PCMs have been proposed. Since a long time ago, it
has been investigated and reported that the incorporation of nanoparticles in a poorly
conductive PCM appreciably amplifies its thermal conductivity [18].

Among the various nanomaterials investigated, use of carbon-based nanopar-
ticles has shown great potential in the thermal conduction amplification of PCM
because they possess better heat transfer characteristics than other additives and also
their density comparatively less [19–24]. For example, Warzoha et al. [25], found
thermal conduction amplification for pure paraffin by dispersing in it, herringbone
style graphite nanofibres. Wang et al. [26] observed 35–40% thermal conductivity
increment in paraffinwax by adding graphite. Zhong et al. [27] reported 28–180 times
increase in compressed expanded natural graphite (CENG)/Paraffin nano-composite.
Kalaiselvam et al. [28] inferred that the number of nanoparticles incorporated in the
PCMs should also have an optimal value for better heat transfer and thermos-physical
characteristics. Experiments on myristic acid-graphene oxide composites showed an
increase of 48 and 70% in melting and solidification rates, respectively, for 0.5 wt.%
of graphene oxide added to myristic acid as compared to myristic acid alone [32].
Investigation on Mg(NO3)2·6H2O—nanographite composite showed 48% elevation
in melting rate and 77% elevation in solidification rates, by adding a small amount
of nanographite (0.6 wt.%) in Mg(NO3)2·6H2O [33]. Similarly, melting and solidi-
fication times of MgCl2·6H2O was found to be decreased by 22% and 75%, respec-
tively, by the inclusion of (0.5 wt.%) nanographite in MgCl2·6H2O, as reported in
our recently published paper [34]. Authors are also involved in the development of
a eutectic gel with nanographite fillers. The prepared PCM nanocomposites were
employed in (i) solar-based rechargeable glove and (ii) solar-based water heating
system [35].

Present work investigated the thermal and heat transfer characteristics of PCM
nanocomposites, consisting of magnesium nitrate hexahydrate as pristine PCMwith
minimal amounts of mesoporous carbon (MC) as nanofillers, in order to explore the
further possibility of amplifying the thermal conduction and augmenting the rate of
melting/freezing. Therefore, low concentrations of mesoporous carbon have been
employed for the current study.
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2 Experimental Section

2.1 Materials and Methods

Mg(NO3)2·6H2O (MNH) with a purity of 99% and a molecular weight of
256.41 g/mol were purchased from Merck, India. Mesoporous carbon (MC) was
obtained from Aldrich with a purity of 99.95% and dynamic light scattering particle
size of less than 500 nm, an average pore diameter of 64 Å, and pore volume of
0.342 cm3/g.

2.2 Sample Preparation

PCM nanocomposite samples were formed by the dispersion of MC nanopowder of
desired amounts into the molten pristine PCM (Mg(NO3)2·6H2O). The composite
was then positioned on a hot plate magneto-stirrer. The set temperature was at 100 °C
for a duration of 30 min. For the next 30 min, aggressive sonication was done.
Samples of composites of various weight percentage of MC (i.e., 0.1, 0.2, 0.3, 0.4
and 0.5 wt.%) were formed with a pristine PCM reference sample. Higher loadings
were avoided due to the dispersion problem, which causes non-uniformity in the
heating and cooling rates, throughout the sample. The optical images of pristine PCM
(Mg(NO3)2·6H2O) and the prepared MC-PCM composite samples with a varying
weight percentage of MC are shown in Fig. 1, which depicts the growth in the
blackness ofMC-PCMnanocomposites as the weight percentage ofMC is increased.

Fig. 1 Samples of pristine (Mg(NO3)2·6H2O and nanocomposite having 0.1–0.5 wt.% of MC
(labeled as A, B, C, D, E, and F, respectively)
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2.3 Characterization Techniques and Experimental Setup

Scanning electron microscope apparatus (SEM, Zeiss EVO 18) was utilized for
morphological study of MC and MC-PCM composites. Transient Hot Bridge
(THB6N43) Thermal Conductivity Meter from Linseis was employed for measuring
the thermal conduction values for all nanocomposite samples.A conventional heating
setupwas used for the examination of heating and cooling pattern behavior of pristine
PCM (MNH) and MC-MNH nanocomposites. The description of the conventional
heating setup can be seen in our previous publication [33]. For obtaining melting
characteristics, the increase in temperature of each sample was set at 5 °C/min. For
solidification characteristics, the vial was made to undergo a natural cooling process.

3 Results and Discussion

3.1 Characterization of Pristine PCM and MC-PCM
Composites

The size of as-received MC and their distribution after dispersion in composite
samples was investigated using SEM images. The SEM image of as-received meso-
porous carbon (Fig. 2a) revealed that they are agglomerated together. The measured
size of the MC dispersed in the PCM agrees with the specification of the supplier.
The SEM images of pristine PCM (MNH) and MC-PCM nanocomposites (Fig. 2b,
c, respectively) clearly indicate that the MCs are well dispersed in the composite
samples.

Fig. 2 SEM images of a pure PCM and bMC-PCM nanocomposites
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Fig. 3 Thermal conductivity
enhancement of various
concentration of additives

3.2 Thermal Conductivity

To study the impact on MNH’s thermal conductivity by dispersion of MC, measure-
ments were conducted on the various concentration of MC-MNH samples. The
obtained thermal conductivity of pristine MNH 0.48 W/m K at an ambient temper-
ature of 25 °C. With an increase in MC concentration, MC-PCM nanocompos-
ites showed amplification in their thermal conduction. The calculated percentage
augmentation in thermal conduction based on measured data at room temperature
and its dependence upon the weigh percentage MC powder along with the values are
presented in Fig. 3.

A maximum percentage enhancement of more than 616% was obtained for the
0.5 wt.% MC-MNH composite sample. The augmented thermal conduction in this
study can be caused by the significantly enlarged surface area of mesoporous carbon
which elevates heat transfer.

3.3 Heat Transfer

Heat transfer experiments on pure MNH were conducted on a conventional heating
setup. A similar procedure was then repeated for the nanocomposites. Graphs illus-
trating the comparison of the melting behavior of pure PCM and its nanocomposites
are shown in Fig. 4a. The experiments were started at ambient temperature. Initially,
the temperature trend of the base MNH and its nanocomposites showed gradual
increase until their respective temperature of the phase change (89 °C) was achieved.
Approximately, after 52 min from the start, the melting of PCM started. As the
concentration of MC varies from the value 0.1 wt.% up to the value of 0.5 wt.%,
the time took by the composite to reach the melting temperature decreased sharply.
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Fig. 4 a Melting and b characteristics of pure PCM and its nanocomposites at various MC
concentrations

For 0.5 wt.%MC concentration, the time took by the composite to attain the melting
temperature was only 36min, which corresponds to an overall melting time reduction
of 30%.

4 Conclusion

This research was done to prepare a novel PCM-based nanocomposite for solar
thermal energy storage applications with improved thermal conduction. MC-MNH
nanocomposite samples have been prepared. The concentration of MC powder was
varied from 0.1 to 0.5 wt.%. The prepared MC-MNH composite samples exhibit
enhanced thermal conductivity. The addition of MC powder leads to significantly
enhanced heat conduction of the prepared PCM nanocomposite samples with the
relative thermal conductivity enhancement increasing with the increase in MC
concentration. A maximum percentage increment of more than 616% was obtained
for the maximum loading of 0.5 wt.% MC-MNH composite sample. The melting
and solidification experiments on PCM nanocomposites indicate that the rates of
charging/discharging of composite samples were increased by about 30% and 55%,
respectively, for 0.5 wt.% MC. This significant increase with low concentration of
additives is desirable as there will be no noticeable decrease in the latent heat of
the PCM. The obtained results are a confirmation of the suitability of MC-MNH
composite as a prospective candidate for employability in latent heat storage.
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Biomedical Applications of Additive
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Abbreviations

PEEK Polyether ether ketone
SLA Stereolithography
FDM Fused deposition modeling
DMLS Direct metal laser sintering
SLS Selective laser sintering
API Active pharmaceutical ingredients
EBM Electron beam melting
SLM Selective laser melting

1 Introduction

The intrinsic principle of AM for building parts in a layer-wise manner has allowed
extensive customization in fabricating patient-specific medical constructs. These
medical constructs include implants, surgery tools, orthoses, prosthesis, dental casts,
tissue, or foreign body scaffold, etc., which are being manufactured with advance-
ments in AM techniques such as FDM, SLA, DMLS, EBM, SLM, etc. The variety
of biomedical and health-care applications of AM can be classified into five broad
sub-groups as depicted in Table 1 [1].
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Table 1 Five sub-groups of biomedical and health-care applications of AM [1]

S. No Major biomedical and
health-care applications
sub-group of AM

Types Purpose

1 Biomedical model • Porotypes of anatomical
parts

• Exact physical replica of
anomalies, fractures,
deformities, etc.

For educational, training,
and research purpose, to
better represent, visualize,
and understand the medical
problem and plan the
surgical process

2 Surgical tools • Patient-specific dental
crowns, bridges, casts,
retractors, etc.

• Hearing-aids, glass frame
and lenses

• Drilling, cutting tools
• Other surgical devices,
instruments, etc.

AM builds patient-specific
surgical tools in lesser time
and cost, and higher quality
and accuracy. Such
patient-specific
customizations are required
to address to anatomical
variability from
patient-to-patient

3 Implants • Insert implants for
replacement or aid in the
recovery of fractured,
non-functional or missing
bone, tissue or other
anatomical parts, etc.

AM prints
complex-structured implants
with a variety of
bio-materials

4 Bio-printing • Living cells are seeded or
selectively placed on an
implant or in-vivo scaffold
after it has been printed

• Biocompatible materials
containing living cells
called as bio-ink are
directly utilized as the
printing material to build
the implant or in-vivo
scaffold

For tissue engineering, to
replace or promote tissue
regeneration or tissue growth

5 External medical aid • Prosthesis, casts, surgical
guide instruments, etc.

• Unlike implants, these are
non-invasive and wearable

For using along with some
standard medical devices to
ensure patient-specific
fitting, longer-term support,
etc.

The various research fields and their contribution in utilizing AM for biomedical
and health-care applications are as shown in Fig. 1.
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Fig. 1 Histogram of various research field contributors in utilizing AM for biomedical and health-
care applications [2]

2 Process-Steps Involved in AM for Biomedical
and Health-Care Applications

The customer-specific medical products can be personalized, designed, and fabri-
cated using AM techniques. AM has made possible the fabrication of ideal, perfectly
fitting medical parts and implants in lesser time and cost, and that too at higher
accuracy and quality [3]. The process for this begins by diagnosis and then through
precision imaging techniques like CT scan or MRI scan, collecting 2D data. These
2D images or data are then used by a stacking software like Mimics, wherein these
2D images are stacked and the contours in each of the 2D images are interpolated and
connected to obtain a 3D virtual CAD model. This CAD model is then converted to
the Standard Tessellation Language (STL) file formatted. The STL file is then sliced
into multiple-stacked layers depending upon layer thickness. This sliced CAD data
is given as the input to the AM machine. It then prints the implants or medical parts
in a layer-wise manner, and the flow chart of the process is shown in Fig. 2.

2D CAD data from CT 
Scan and MRI Scan

Creating a virtual 3D 
CAD model

Converting from CAD 
to STL file 

Slicing the STL file 
into multiple stacked 

layers

Giving the sliced data 
as input to the AM 

machine

AM machine building the 
part by printing stacked 

layers one at a time

Fig. 2 Process for AM patient-specific medical parts and implants
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Figure 3 shows details regarding the stages or the process-steps involved in AM
for biomedical and health-care applications.

2.1 A Systematic Review on AM in Biomedical, Health-Care,
and Medicinal Applications

Table 2 gives details regarding the major biomedical and health-care applications of
AM, their advantages, techniques, and materials utilized.

3 Discussion and Conclusion

AM has revolutionized the medical field with its flexibility of manufacturing
extremely complex-structured implants and other biomedical applications. Also with
the available variety of bio-materials, many pharmaceutical and biomedical parts,
anatomical part printing, scaffold printing have been successful. However, certain
research gaps still need to be addressed, such as discovering new bio-materials,
bio-inks, bio-printing must overcome its limitations like micro-vascularization and
uniquebio-inkswith longevity, printing fully functional organs, etc. Themajor advan-
tages and potential as demonstrated by AM are owing to the principle of creating
parts in a layer-wise fashion, no requirement for tooling, minimal waste genera-
tion, flexibility in fabricating extremely complex designs and structures, etc. Some
significant advantages of AM in biomedical, health-care, and medicinal applications
is:

• Development of physical 3D models to aid in understanding of surgeons and
hence better performance of the surgical operations

• Designing, developing, and fabricating even the complex-structured patient-
specific implants and medical devices

• Reduced time and cost in manufacturing these medical instruments, parts, and
implants

• Better quality increased strength of parts, better surface finishing, etc.
• Customized implants, prosthesis, other medical devices that are an ideal fit for a

patient’s body; thus, exact fitting parts are generated.
• Light-in-weight medical parts, patient-specific surgical tools, and virtual surgical

planning.
• Reconstruction surgeries are revolutionized by AM by providing exact fitting and

aesthetic looking implants, etc.
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AM aids in the diagnosis through reverse Engineering. The 2D 
imaging techniques like CT scan and MRI scan are utilized to 
identify the patients’ medical condition or recognize the root cause 
of disease for the patient’s symptoms. [4] 

Step 1: Diagnosis 
by utilizing MRI 
scanning or CT 

scanning

Step 2: Stacking 
the 2D images for 

Data 
transformation

The 2D images obtained as an MRI scan or CT scan are stacked 
using 3D reconstruction software such as Mimics, etc. These 2D 
images are stacked together and the stacked CAD data is 
transformed or reconstructed to obtain 3D CAD data or 3D CAD 

Step 3: Rapid 
prototyping the 

reconstructed 3D 
CAD data

The reconstructed 3D CAD data or Model is made tangible for 
visualization, better understanding and also planning the surgical 
process for the diagnosed medical condition

The defective anatomical part is 3D printed or additively 
manufactured as a prototype for virtual surgical planning [7] 

Step 4: Bio-Medical 
simulations and 
software based 

analysis

Bio-medical simulations are done on the earlier obtained 3D 
CAD model to obtain corrective a solution to the diagnosis [8] 

The simulated results give an optimized CAD model as per the 
patient-specific anatomical requires, also the internal dynamics or 
working of the anatomical part

This corrective 3D CAD model is to be further utilized for 
manufacturing an implant, orthosis, etc.

Step 5: Regulatory 
approval and rapid 

manufacturing

Once the optimized CAD model is approved by competent 
medical authority, the model is manufactured by a suitable AM 
technique.

AM gives higher flexibility, accuracy, quality, that too in lesser 
    

Step 6: Sterilization 
and post-processing

The Additively manufactured part is then post-cured or subjected 
to post-heating to increase the part strength and accuracy of the 
part

           

Start

End

Fig. 3 The stages or the process-steps involved in AM for biomedical and health-care applications
[3–10]
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Dissimilar Friction Stir Spot Welding
of AA2014 and AA7075 Aluminum Alloys

Shubham Jaiswal, Vijay Verma, and Chaitanya Sharma

1 Introduction

Automobile industries and aerospace industries are under great pressure to reduce
weight and energy cost by reduction in consumption of fuel and hence greenhouse
emissions [1]. The demand for welding dissimilar aluminum alloy is continuously
increasing because it gives better mechanical properties [2]. There are so much chal-
lenges in joining the aluminum alloys by resistance spot welding (RSW) method.
RSW is most commonly used welding technique for high strength, low carbon and
coated steels only. On the other hand, solidification shrinkage, oxide formation at
surface and high solubility of hydrogen restrict the use of RSW technique for joining
aluminum alloys [3]. The above-mentioned problems can be effectively eliminated
by friction stir spot welding (FSSW). FSSW was invented by Mazda Motor Corpo-
ration and Kawasaki Heavy Industries, Japan, in 2003 for making lap spot joints.
FSSW is basically an offshoot of conventional friction stir welding (FSW) and is
solid-state, energy-efficient, environment-friendly technique. The process is capable
in producing high-quality, stronger similar and dissimilar spot welds in 7xxx and
2xxx grade aluminum alloys so as is increasingly used in aerospace and automotive
industries. The basic principle of FSSW is fairly simple and is illustrated in Fig. 1
[4]. In this process, the two sheets to be joined are arranged in lap configuration
and held in position by the use of a suitable robust fixture. The lower plate is placed
on a baking plate, while upper sheet comes in contact with rotary tool. Then, non-
consumable profiled rotating tool plunges into the securely positioned sheets to a
pre-defined depth of the total thickness of plates (Fig. 1a). During plunging, first pin
comes in contact with upper sheets and further plunging results in intimate contact

S. Jaiswal · V. Verma
Mechanical Engineering Department, BIET, Jhansi 284128, India

C. Sharma (B)
Mechanical Engineering Department, RJIT, BSF Academy, Tekanpur 475005, India
e-mail: chaitanya.sharmaji@gmail.com

© Springer Nature Singapore Pte Ltd. 2021
M. Muzammil et al. (eds.), Recent Advances in Mechanical Engineering, Lecture
Notes in Mechanical Engineering, https://doi.org/10.1007/978-981-15-8704-7_69

567

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8704-7_69&domain=pdf
mailto:chaitanya.sharmaji@gmail.com
https://doi.org/10.1007/978-981-15-8704-7_69


568 S. Jaiswal et al.

Fig. 1 A schematic illustration of FSSW process [4]

of shoulder with top surface of upper sheet. The friction at the interface of rotating
tool pin and shoulder with sheets produces heat, and softens and plasticizes the sheet
materials. Plastic deformation of (sheets) material by rotating and plunging tool
also contributes to the heat generation. The extended stirring during dwelling period
adds additional heat to the deformed sheets and further softens and plasticizes them
(Fig. 1b). The rotating tool stirs this softened and plasticized material to complete
solid-state joining under the action of extreme axial force. Finally, the tool is drawn
out from the sheets leaving behind an exit hole in spot welded sheets (Fig. 1c).

For a particular combination of materials and sheet thickness, the development of
sound friction stir spotwelded joints (FSSWed) aswell as evolution ofmicrostructure,
mechanical and other properties of the joints is greatly influenced mainly by process
parameters such as tool geometry, welding parameters and joint configuration. Dwell
time plays a very important role in deciding the strength of FSSWed joint [4]. The
tool rotational speed, dwell time, plunge rate, tool penetration depth, downward
force, etc., are main welding parameters, while pin and shoulder diameter and their
geometry are main tool parameters [5–7]. Rotational speed, downward force, dwell
time and tool geometry and dimension are selected to generate sufficient heat by
frictional heating and plastic deformation for proper softening and plasticization
of sheets and formation of defect-free friction stir spot welds with optimum weld
properties.

Tozaki et al. [8] have reported that with increase in pin length bondwidth increases
but beyond optimum value increase in pin length led to significant increase in hook
height also. With increase in shoulder diameters, bond width increases. Beyond
optimumplunge depth, hook height increases.Very short stir timemight lead to insuf-
ficientmixing of platematerials. The hardness decreases on theHAZ to aminimumat
the interface between heat-affected zone (HAZ) and thermo-mechanically affected
zone (TMAZ) and becomes maximum in stir zone [9]. Hooking works as crack
nucleation site. At sharp hooking site, crack nucleates and under small loading it can
grow on upper sheet material. Hooking becomes sharp due to high plasticity, i.e.,
at longer dwell time [10]. Babu et al. investigated that there is no major effect on
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joint strength and joint formation by FSSW of base metal tempered condition and
presence of alclad layers in aluminum alloy AA2014 [11]. In this study, dissimilar
friction stir spot welding of precipitation hardening aluminum alloys AA2014 and
AA7075 was performed in order to develop defect-free spot welds and to investigate
the evolution of microstructure and mechanical properties of developed spot welds.

2 Experimental Procedure

In this study, AA2014 and AA7075 aluminum alloy sheets of 1.7-mm and 2.5-
mm thickness, respectively, were used as base material to produce dissimilar FSSW
lap joints. The chemical compositions of base material alloy AA7075-T6 and of
alloy AA2014-T6 are Zn—5.299%, Cu—1.703%, Mg—2.496%, Cr—0.221% and
Cu—4.046%, Zn—0.13%, Mg—0.772%, Cr—0.028%, respectively.

The pieces of width 24 mm and length 120 mm were machined from the received
plates. The sheets were held in lap joint configuration using indigenously fabricated
fixture. The sheets of AA2014 were placed over the sheets of AA7075. Friction
stir spot welding was performed on computer numerical controlled (CNC) milling
machine MCV-350 (maximum spindle speed 6000 rpm and maximum axial load
400 kgf) at Jai Bhagwati Enterprises, Kanpur, using rotary speed of 1000 rpm, plunge
rate of 10mm/min, plunge depth of 3.8 mm and dwell time of 8 s. Tool wasmachined
from die steel and had flat shoulder with tapered cylindrical pin. The tool shoulder
diameter was 10mm,while 3mm long pin had diameter of 5mm at root and diameter
of 4 mm at tip.

After FSSW, soundweld jointwas sectioned from the center of exit hole of tool pin
along the plane perpendicular to thickness of sheets to prepare specimen for optical
microscopy. The sectioned specimen was polished and etched in Keller’s reagent
(95 ml H2O, 1.5 ml HCl, 1 ml HF, 2.5 ml HNO3) for 40 s for microstructural exami-
nation. The optical microscopy was performed on Leica microscope (DM750, Leica,
Germany) at Rustamji Institute of Technology, BSF Academy, Tekanpur, Gwalior
(M.P.). After FSSW, the developed welded lap joints were subjected to tensile testing
on servo hydraulic computerized universal testing machine (25 kN, BISS, India) at
MNNIT Allahabad. Tensile testing was conducted at room temperature condition, at
a crosshead speed of 1.0 mm/min to obtain tensile shear strength of friction stir spot
weld joints. Three tests were conducted, and average value was used for discussion.
After tensile testing, fractured surfaces were investigated using scanning electron
microscope (JXA-8230, JEOL, Japan) at IIT Kanpur to identify the mode of failure.
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3 Results and Discussion

3.1 Microstructure

Figure 2 shows the photograph of friction stir spot weld joints. The upper plate is
AA2014-T6, and lower plate isAA7075-T6.Theplateswereweldeddue to the forma-
tion of FSSW joint. The FSSW joint showed well-defined outer ring and keyhole at
the center of welded zone. The keyhole is created due to withdrawal of rotating pin,
and diameter of this hole was equal to the base diameter of pin.

Figure 3a represents themacroscopic cross-sectional view of FSSW joint obtained
by cutting theweld from center ofweld along a plane parallel to the thickness of plate.
The careful observation of macrograph revealed complete joining of both the plates
and formation of stir zone, TMAZ and HAZ. The tool geometry is also seen in dark
region. TheFSSW joints can be divided into two regionswheremetallurgical bonding
between the plates is either partial or complete and between them hook formation
takes place. Micrographs in Fig. 3b–d show the evolution of all zones in FSSWed
joints and microstructure in stir zone, and HAZ of FSSW joints. The shiny region
adjacent to keyhole represents the stir zone. Stir zone had dynamically recrystallized
finer grains (Fig. 3b), significantly smaller than base metals and other zones. The
TMAZ is a region between stir zone and HAZ where thermo-mechanical action
takes place. TMAZ exhibited distorted and coarse grains whose average size was
smaller than base metals and HAZ but greater than WNZ. HAZ exhibited coarsened
grains of size larger than base metals. Secondary precipitates were prefrentially

Fig. 2 Photograph of friction stir spot weld joints

Fig. 3 Evolution of microstructure in FSSW joints
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Fig. 4 Stress–strain diagram
of FSSW joints

aligned along the grain boundaries however, fewwere found inside the grain boundry
(Fig. 3d). The thermo-mechanical deformation is responsible for the evolution of
different kinds of microstructure in different zones of weld joints [12].

3.2 Mechanical Properties

Stress–strain curve obtained from tensile testing is shown in Fig. 4. The average
tensile shear load was 4.15 kN. The shear tensile strength and % strain of the FSSW
joint were 228.1 MPa and 2.22%, while toughness was 3.13J/mm3 which is defined
as the area under the stress–strain curve.

The tensile shear strength of the FSSW joints is dependent on bond length. Larger
the stir zone, better is the tensile shear load/strength of joints due to longer bond
length. Up to yielding, graph was linear, and after yielding it lost its linearity. Tough-
ness depends on both stress and strain, so for high toughness good combination of
stress and strain is essential. High strain combined with low stress will result in better
ductility but low toughness because the curve will be flattened and small area under
the graph will cause low toughness.

3.3 Fractography

The photographs of surfaces of weld joints before and after tensile tests are shown in
Fig. 5. Figure 5a shows appearance of joint of upper plate before shear load failure,
and Fig. 5b, c represents upper and lower plates, respectively, after the shear load
failure.

There is a circular hole in the center of joint which is made by pullout of tool in the
joint named as keyhole. Around the keyhole, there is a ring of stirred material. The
appearance of upper surface of lower plate after tensile testing suggested that failure
is because of nugget pullout. Figure 6 presents the SEM micrographs of lower plate
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Fig. 5 Photograph of weld: a upper surface before tensile testing, b upper surface of top plate after
tensile testing, c upper surface of lower plate after tensile testing

Fig. 6 SEM micrographs showing the features of fracture surface of FSSW joint

shown in Fig. 5c. After tensile testing, fracture surfaces were studied using SEM for
getting the mode of failure. Figure 6a represents whole image of lower plate, while
Fig. 6b shows the enlarged view of square region which is indicated by an arrow in
Fig. 6a. From Fig. 6b, it is clear that there are large numbers of dimples and there is
a variation in the size of these dimples. The dimples were elongated during tensile
shear testing. The presence of dimples of varying sizes in large number confirmed
that welded joints underwent ductile failure. If mode of failure will be ductile in
nature, then strain will be more and in that case area under the stress–strain will be
more; i.e., toughness of this joint will be more, so there will be requirement of more
energy for breaking the welded joint.

4 Conclusion

AA7075-T6 of thickness 2.5 mm and AA2014-T6 of thickness 1.7 mmwere welded
by friction stir spot welding in a lap configuration. Proper metallurgical bonding
of these two plates was observed in stir zone. Besides this WNZ, TMAZ and HAZ
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were observed in the stir zone of welded joint with varying microstructure than base
metals. The lap shear load of welded specimen at 1000 rpm, 10 mm/min and 8 s is
found to be 4.15 kN. SEM analyses confirmed that the mode of failure was ductile
in nature as elongated and deep dimples ere present on fractured surface.
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Analysing Crane Hook of Different Cross
Sections and Different Materials

Prajwal Singh, Oshi Jain, Prashant Yadav, Nikhil,
and Subodh Kumar Sharma

1 Introduction

A crane hook or simply a hook is used for lifting the load with the help of a device
such as a hoist or chain or wire rope. They help lift heavy loads at construction
sites as well as in workshops and industries. It is subjected to bending stresses
which makes it highly prone to failure. It is equipped with a latch which is a safety
mechanism put in place to avoid detachment from the lifting chain or rope to which
the freight is attached. Crack development in crane hooks, especially at the areas
of high stress concentrations, is the leading cause of fracture. It leads to severe
accidents in the workplace, most of which are fatal. There are two types of fractures:
ductile fracture—the crack spreads continuously which can be detected easily, and
brittle fracture, which has sudden propagation of the crack sudden failure. This is
very difficult to detect. So, ductile is preferred over brittle fracture. We do the stress
analysis of these hooks to determine the areas with high stress (i.e. failure points)
and those with low stresses—these are potential points for material removal, weight
reduction and reduced costs.

2 Literature Reviews

Shaban et al. [1] modelled a crane hook on ABAQUS software to study the stress
concentration of the hook under full load conditions. This allows us to determine the
real-time pattern of stress pattern in a 3D model. To verify its accuracy, an acrylic
model of the hook, making use of the shadow optical method (also known as caustic
method), is set up. Then, the shape of the hook is modified, after determining the
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stress concentration, to prolong the work-life along with reducing the rate of failure.
To reduce failure, it is essential to identify the extent and site of stress. The FEA
method is used to validate results. The authors draw the conclusion that if the area of
the inner side of the crane hook, the site of maximum stress, is broadened, then the
stress concentration and thereby failure can be reduced. In addition to this, Narvydas
et al. [2] used FEA to determine circumferential stress concentration factors in the
shallow notches of a trapezoidal cross-sectional hook. These factors are used to
evaluate the structural strength as well as the durability. The FEA results were then
used to form equations that can be used to derive formulas for quick calculations to
determine stress concentration of structures and machine elements. Most hooks use
ductile materials because ductile failure is easier to investigate then brittle failure.
Keeping this in mind, the authors studied the strain-based criteria of failure, taking
into account the stress triaxiality.

Uddanwadiker [3] used finite element method to study stress analysis of a crane
hook. She used photo-elasticity to validate the results obtained. Photo-elasticity test
works on the birefringence property of light. The study of stress concentration in
the hook under loading conditions was carried out in two steps—first, as mentioned
above, FEM stress analysis followed by validation via photo-elastic experiment, and
secondly, by assuminghook to be a curved beamandverifying byusingFEM.The last
step was comparing the analytical calculations with the ANSYS result. The results
were found to have a meagre percentage error (=8.26%). Shape was modified to
increase the strength of the crane hook based on the stress pattern obtained. Further,
Trifković et al. [4] analysed the state of stress in the hook bymaking use of both exact
and the approximate methods. They calculated the stresses in various fragments of
the hook, first, by assuming it to be a straight beam and after that a curved beam.

Singh et al. [5] made a solid model and then used finite element analysis of
a crane beam. They used PRO/E WILDFIRE 2.0 and ALTAIR HYPER MESH
using OPTISTRUCT 8.0 SOLVER Software to evaluate the difference of stress and
displacement in various sections of the beam. Weight reduction, limiting stresses
and cost cuts were some of the objectives achieved by using finite element analysis.
One of the chief conclusions was that maximum stress is found around the fixing
positions. Bhagyaraj et al. [6] described their work on crane hook design and did
analysis using finite element method. Considering the weight reduction and heavy
load dealing of hooks in this paper, the lead alloy is used to build a resistant block
hook, which has high strength as compared to presently used alloy materials. Solid-
Works has been used for part design and assembly. Further, an analysis of the hook
was done on SolidWorks simulation. Results of von Mises stress, factor of safety,
strain and deformation are discussed based on their maximum and minimum values.
According to Bhagyaraj et al., von Mises stress are very less as compared to yield
strength of thematerial used. The hooksmade up of these type of high-strength alloys
can reduce the size of hooks withstanding the heavy loading conditions.

Reddy et al. [7] have discussed load-carrying capacity of different cross sections
of hooks in their study. They have studied I-section and T-section with combination
of different materials, so that the material used to manufacture a crane hook should
have ductile fracture property instead of brittle fracture to avoid sudden and serious
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accidents. The crane hooks are subjected to bending and axial stresses, so the design
of the hook has done considering the loads, cross-sectional area and curvatures used
in application of hooks at industries. The finite element method results using analysis
software were compared with theoretically calculated values of stresses induced and
deformation in the hookmodel. The studies showed that stresses induced in T-section
are less than that of I-section with same materials. The method for optimization
of material and the various cross-sectional areas of crane hooks for better results
were carried to fulfil the industrial requirements. Meanwhile, Krishna and Suresh
[8] studied the design and analysis of crane hook using various materials. They
predicted stress concentration areas on the crane hook to prolong the work-life and
reduce failure causing stresses. They have also stated about the crane hook safety
by avoiding improper and unskilled manual handling. Continuous working can also
result in an increase of stresses in crane hook. The basic model is designed which
was imported for finite element structural analysis. The results obtained for stress
were compared for different materials. Further, the total deformation was compared
for selection of material.

Bergaley and Purohit [9] performed a structural analysis of the hook using FEM.
They purchased a crane hook to perform finite element analysis. To locate yield
point and the area with maximum stresses, the hook was tested on UTM machine.
Themodelwith that dimensions andmaterial propertywasmade usingCAE software
and analysed for stresses induced. The modifications were done using FEM at cross
section with minimum stress induced. Adding on to this, Gopichand [10] discussed
Taguchi optimization method for design parameters. The radius of curvature, cross
section and material selection for crane hook are used as design parameters. The
need of design optimization is very necessary to avail the better results of load
lifting without casing failure. Singh and Rohilla [11] have presented their work
on optimization and fatigue analysis of a crane hook using FEM. In their study,
they have used SolidWorks for modelling of a hook which had a trapezoidal cross
section. After that, they have analysed the model on ANSYS workbench. The results
are obtained for different cross sections of crane hook as per loading capacity on the
basis of mass, von Mises stress and total displacement. In addition to this, they also
performed fatigue analysis for best response to load-bearing capability of the hook.

Devaraj [12], has discussed design criteria of crane hook and analyse stress distri-
bution using ANSYS workbench. The design of crane hook using different materials
has been done to calculate von Mises stress distribution and total deformation under
loading conditions at ambient temperature. This paper also shows the factors for
material selection on the basis of continuous loading and unloading which causes
fatigue failure and tells that the crack propagation in ductile fracture is slow and easily
detectable. Based on the results of analysis, maximum value of von Mises stress and
maximum total deformation were individually compared and modifications were
done where the stress concentration was found to be maximum in the model, to get
best suited results for material of hook which can withstand higher loading capacity.
Further, Ratnakumar et al. [13] discussed design and stress analysis of various cross
section of hooks. Also, they used different radii of curvature. Stresses induced against
loads were calculated using curved beam theory and experiment done on universal
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testing machine (UTM). By using curved beam theory, solutions were obtained for
circumferential stress and radial stress in curved beams. Further tests were made on
UTM so that experimental values can be calculated. Theoretical stresses are calcu-
lated using finite elementmethod, for that modelling of crane hookwith various cross
sections and curvature radii. FEA is done for different models to obtain different
stress distribution results. The experimental stresses obtained were compared with
theoretical stresses obtained by finite element method, and graphs were studied. The
experimental stresses were found greater than theoretical stresses obtained through
FEA because of the certain assumptions used in numeric solution.

Benkar and Wankhade [14] studied the stress pattern of the hook under loading
conditions. ANSYS14workbenchwas used to prepare a solidmodel of the hook. The
real-time stress distribution pattern in the 3D model of the crane hook is obtained.
Then, they performed finite element analyses on various models of a hook—circular,
triangular, trapezoidal and rectangular cross sections. Meanwhile, Sahu and Yadav
[15] worked on bigger crane hooks carrying a comparatively larger load. Existing
drawings were used to prepare the CADmodel followed by implementing the modi-
fied cross section of the hook using the static structural analysis workbench of CATIA
V5. These results helped in determining stresses and deflections in that model. To
evaluate the optimum dimensions, a wide range of models of varying dimensions of
the hook were tested and then the best of them was picked. The selection was based
on a strict criterion and only those that satisfied all the factors such as load-carrying
capacity, stress-induced and deflection. In another paper, Sahu et al. [16] worked on
crane hook of the trapezoidal section. Modelling was done on in CATIA V5R20.
Finite element method was used to identify the area of maximum stress concentra-
tion. After this, they applied design of experiment (DOE) by changing the length of
the parallel sides of the trapezoidal cross section and studying its effect on energy
stored in the hook, displacement, stress and mass.

Mehendale et al. [17] wrote their research paper on design and stress analysis
of an EOT crane hook of different cross sections. They used three different cross
sections—rectangular, circular and trapezoidal, for analysis of a varying load (in
tones). Failure of a crane hook mainly depends on three major factors i.e. dimension,
material, overload. They used curved beam formula for calculating stresses produced
in different areas. The results obtained were validated on computer-aided software.
Apart from this, Kumhar et al. [18] worked on design and analysis of crank hook of
trapezoidal cross section using FEA. Analysis of trapezoidal cross section is done
using Winkler-Bach formula for curved beams. This formula is helpful in evaluating
and setting standards of safety of crane. They also used software like FEM, Creo
Parametric, etc., to verify the results. The theoretical results obtained were checked
using von Mises stress theory. Post this, they were compared with ANSYS.

Kurt et al. [19] did finite element analysis of a tower crane. These cranes aremostly
used in the construction sites and in the manufacturing industries for carrying of the
heavy loads. It is a fixed crane which has to be mounted on site. The tower crane can
carry up to thousand kilograms with varying different internal and external loads due
to deadweight, wind load and the dynamic loads. After the calculation of these loads,
the result obtainedwas analysedwith the help of FEM. In this research paper, the load
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combinations (such as horizontal load) resulting from vertical as well as inertia loads
applied on the main beam can lead to sag which is why their values are compared
with permissible stress values too using both analytical and FEMmethods. Rajurkar
et al. [20] established magnitude of stresses involved in the crane hook by several
methods including analytical, numerical and experimental methods. Curved beam
formula was used for analytical analysis, and CAD models were used for numerical
analysis. Meanwhile, FEM and photo-elasticity methods were used for analysis of
stress concentration on different cross sections of the hooks. Photo-elasticity allows
us to see changes in the optical properties of amaterial undermechanical deformation,
and this helps in determining the stress distribution in any given material.

3 Conclusion

Identifying the structural strength of the crane hook is of paramount importance
in determining its load-bearing capacity. After reviewing the previous papers, the
authors of this paper have come to the conclusion that establishing the best material,
geometry and dimensions for particular loading conditions needs a lot more research
and investigation. Far too few papers have been published to state anything defini-
tively.We can tentatively conclude that a lead and iron alloy hook of trapezoidal cross
section is the most optimum. However, it is safe to say that the finite element method
has come up as an indispensable tool for design and analysis of these components.
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Exploration on Wear Characteristics:
Performance of Gears of Polyamide66

Shashank Singh, Yogesh Kumar Yadav, Siddhartha, and Arunesh Chandra

1 Introduction

Since 1950s, polymer gears are preferred in many low load applications. These gears
have some inherent properties such as noiseless operations, lightweight, low cost,
self-lubrication and so on. After proliferation in manufacturing techniques, these
gears are being used in many essential practices such as food processing machines,
ATM machines, wiper devices in automobiles, copier machines and watches [1].
Previously, plastic gears were used only for below¼-hp drives due to changes in their
properties and uncertainties in their behaviour under varied environmental condi-
tions such as temperature and moisture [2]. Nowadays, research practices of better
moulding controls encompassing environmental factors have boosted the plastic gear
drive power to ¾ hp [3]. Plastic gears might be failed under different modes. These
failure modes are wearing, pitting and cracking at root circle as well as at pitch circle.
Wearing is defined as material removal from a surface and its deformation after its
interaction with any mechanical act in counter directions. Many of the researchers
have found the occurrences of thermal failure in the plastic gears generally after the
generation of heat at the surface, which is due to the friction andmaterials’ hysteresis.
This has been seen that wear rate grows with rise in temperature [3–9].
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2 Experimental Details

Most studies have exposed the usage of polymer-metal gear pairs in various exper-
iments, while polymer–polymer gear pairs are still to be utilized and explored [6,
10–16]. Many researchers have used alike and unlike gear pairs [3, 15]. Polyamide66
gears were selected just as the polymer gears. Polyamide66 which is the amalgama-
tion of two monomers is a modification and alteration of vitally used polyamide.
The two monomers of Polyamide66 named as hexa-methylenediamine and adipic
acid have six carbon atoms. Polyamide66, a thermoplastic polymer has advantages
such as excellent impact properties and very low notch sensitivity in comparison
with that of other thermoplastic materials. On the other hand, Polyamide66 has some
disadvantages such as low flexural modulus and which can be counterbalanced by
affixing any filler material for improving its properties [17]. Injection moulding
process was employed for manufacturing polymer gears designated as NPA66G,
H15PA66G and H30PA66G which have glass fibre contents by weight as 0%, 15%
and 30%, respectively. Table 1 shows the various parameters for injection moulding
process of polymer gears. Gear pairs of Polyamide66 were investigated and tested on
the polymer gear test rig, manufactured by DUCOM Instruments, India (CM-9108).
The specifications of gears to be manufactured are shown in Table 2. The governing
factors for gear testing are driver material (A), driven material (B) and torque (C).
The possible combinations of polymer gear pairs are examined at constant speed of
1200 rpm and at different torques such as 1, 1.2 and 1.4 Nm one by one run up to 1
× 105 cycles. Specific wear rates (S.W.R.) of polymer gears are calculated using the
formula [18]:

Table 1 Polymer gears’
parameters for injection
moulding process

Parameters NPA66G H15PA66G H30PA66G

Drying temperature
(°C)

90 90 90

Injection pressure
(MPa)

7 7 7

Press temperature (°C) 190 210 220

Waiting time in moulds
(s)

120 120 120

Table 2 Specifications Specifications of polymer gears

Module 2 mm

Number of teeth 20

Pressure angle 20°

Face width 8 mm

Pitch circle diameter 40 mm
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WS = WV /2zmbNT

where WS is specific wear rate in mm3/mm-mm-revolution, WV is volumetric wear
in mm3 (which is estimated by the ratio of gear mass change to the density of its
material), z is number of teeth on gear, m is module in mm, b is tooth face width in
mm and NT is total number of revolution (rev.).

Table 3 exhibits the outcomes of possible combination of mated polymer gears in
the form of specific wear rates. S.W.R. increases with the increase in torque.

Table 3 Experimental pattern/design: outcomes of mated polymer gears (A-B)

Passes Gear material
(driver) (A)

Gear material
(driven) (B)

Torque
(C) (Unit:
Nm)

S.W.R. (A) (Unit:
mm3/mm-mm-rev.)

S.W.R. (B) (Unit:
mm3/mm-mm-rev.)

1st NPA66G NPA66G 1 9.48465 × 10–7 2.62856 × 10–6

2nd NPA66G NPA66G 1.2 1.17133 × 10–6 2.79454 × 10–6

3rd NPA66G NPA66G 1.4 1.24836 × 10–6 4.95381 × 10–6

4th NPA66G H15PA66G 1 1.89241 × 10–6 1.13425 × 10–6

5th NPA66G H15PA66G 1.2 4.37185 × 10–6 2.2949 × 10–6

6th NPA66G H15PA66G 1.4 6.71135 × 10–6 2.94445 × 10–6

7th NPA66G H30PA66G 1 1.09333 × 10–5 8.71399 × 10–7

8th NPA66G H30PA66G 1.2 1.19226 × 10–5 1.07492 × 10–6

9th NPA66G H30PA66G 1.4 1.2476 × 10–5 2.20258 × 10–6

10th H15PA66G NPA66G 1 1.05365 × 10–7 6.04934 × 10–6

11th H15PA66G NPA66G 1.2 1.17687 × 10–7 7.18051 × 10–6

12th H15PA66G NPA66G 1.4 1.70621 × 10–7 8.65447 × 10–6

13th H15PA66G H15PA66G 1 6.19744 × 10–7 1.61606 × 10–6

14th H15PA66G H15PA66G 1.2 7.87474 × 10–7 3.17869 × 10–6

15th H15PA66G H15PA66G 1.4 1.12759 × 10–6 4.3025 × 10–6

16th H15PA66G H30PA66G 1 2.11623 × 10–6 2.44465 × 10–6

17th H15PA66G H30PA66G 1.2 3.41167 × 10–6 4.20335 × 10–6

18th H15PA66G H30PA66G 1.4 5.97602 × 10–6 5.69904 × 10–6

19th H30PA66G NPA66G 1 5.85737 × 10–8 8.19805 × 10–6

20th H30PA66G NPA66G 1.2 7.43612 × 10–8 8.60622 × 10–6

21st H30PA66G NPA66G 1.4 9.91864 × 10–8 1.00391 × 10–5

22nd H30PA66G H15PA66G 1 2.24456 × 10–7 4.94588 × 10–6

23rd H30PA66G H15PA66G 1.2 3.07169 × 10–7 5.97892 × 10–6

24th H30PA66G H15PA66G 1.4 5.39176 × 10–7 7.05734 × 10–6

25th H30PA66G H30PA66G 1 9.34434 × 10–7 6.46244 × 10–6

26th H30PA66G H30PA66G 1.2 1.04746 × 10–6 7.93091 × 10–6

27th H30PA66G H30PA66G 1.4 2.21814 × 10–6 9.00434 × 10–6
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3 Wear Performance of Driver Materials

At distinct torques, for different combinations of driver and driven gear materials,
wear performances of driver gear materials are plotted in Figs. 1–4.

Figure 1 exhibits the wear performance of NPA66G (driver) having combinations
one by one with NPA66G, H15PA66G and H30PA66G. On mating NPA66G with
same gear material, it does not change the S.W.R. with torque considerably. When
NPA66G is mated with other two materials, the S.W.R. of NPA66G grows with rise
in torque. Figure 2 exhibits thewear performance of H15PA66G (driver). H15PA66G
on mating with itself and NPA66G does not show considerable deviation of S.W.R.
on advancing torque, and onmating with H30PA66G exhibits an increasing tendency
for S.W.R. up to 1.2 Nm torque. Beyond 1.2 Nm torque, its S.W.R. grows rapidly.

Fig. 1 Wear performance of
NPA66G

Fig. 2 Wear performance of
H15PA66G
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Fig. 3 Wear performance of H30PA66G

Fig. 4 Driver mated with
same material

Figure 3 exhibits thewear performance ofH30PA66G (driver). On its combination
with NPA66G (driven), its S.W.R. rate does not vary much on growing torque. On its
mating accordinglywith the rest two combinations, its S.W.R increases. After 1.2Nm
torque level, its S.W.R. increases rapidly for H30PA66G-H30PA66G combination.
Figure 4 exhibits the wear performances of driver gears mated with driven gears of
same materials. The S.W.R. (driver) increases with increasing torque in each of three
possible mating combinations. H15PA66G shows the least S.W.R.

4 Wear Performance of Driven Materials

Wear performances of driven gear materials are plotted in Figs. 5–8 for different
driver-driven gear materials combinations at different torque levels.
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Fig. 5 Wear performance of NPA66G

Fig. 6 Wear performance of H15PA66G

Figure 5 exhibits the wear performance of NPA66G (driven) having combina-
tions one by one with NPA66G, H15PA66G and H30PA66G. In all combinations,
S.W.R. (driven) is increased succeeding 1.2 Nm torque. After this torque level,
S.W.R. raises rapidly.H30PA66Ghas the extreme considerable outcomeonS.W.R. of
NPA66G. Rest of the two materials has an insignificant effect on NPA66G. Figure 6
exhibits the wear performance of H15PA66G (driven) having combinations with
NPA66G, H15PA66G and H30PA66G. S.W.R. (driven) has increasing tendency in
all combinations. H30PA66G (driver) has the extreme considerable effect.

Figure 7 exhibits the wear performance of H30PA66G (driven) mated with itself
and rest other two materials. NPA66G (driver) has the lowest outcome on wear rate
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Fig. 7 Wear performance of H30PA66G

Fig. 8 Driven mated with same gear material

of H30PA66G, whereas H30PA66G-H30PA66G plot shows the most considerable
effect on wear rate. Figure 8 exhibits the wear performances of driven gears mated
with driver gears of samematerial. They show increasingwear tendencyon increasing
torque levels. H30PA66G-H30PA66G combination shows the highest wear rate.

5 Morphology: Wear Surfaces of Polymer Gears

Polymer gears show very low heat transfer rate and so increased specific wear
rate. Figure 9 shows the accumulation of some portion of NPA66G (driven) on
H30PA66G (driver) which is on account of adherence of NPA66G gear teeth parti-
cles on H30PA66G gear teeth. So, 19th row (Table 3) represents the least S.W.R. for
driver. This might be on account of restoration of H30PA66G wear with sticking of
NPA66G particles. For mating of H30PA66G (driven) and NPA66G (driver), least
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Fig. 9 H30PA66G driver
gear

(a) Before experiment (b) After experiment

Fig. 10 H30PA66G driven
gear

(a) Before experiment (b) After experiment 

Fig. 11 NPA66G gear
(driver)

(a) Before experiment  (b) After experiment

Fig. 12 Immense wear of
driven gears at 1.6 Nm torque

(a) NPA66G (b) H15PA66G (c) H30PA66G

S.W.R. for driven gear (Fig. 10) is shown in 7th row (Table 3). H30PA66G has faced
the low fatigue wear. The basis might be the hardness of H30PA66G (30% glass fibre
content) and the lowest torque (1 Nm).

For mating of NPA66G (driver) and H30PA66G (driven), the maximum S.W.R.
for driver (Fig. 11) is shown in the 9th row (Table 3). Figure 12 exhibits the failure of
NPA66G gear on mating with H30PA66G (driver) due to rapid and excessive wear
of teeth at torques equal/above 1.6 Nm. NPA66G is remarked as showing maximum
wear at 1.4 Nm torque in 21st row (Table 3). For the maximum wear, high torque
(1.4 Nm) and 30% glass fibre content of H30PA66G gear might be responsible.

6 Results and Conclusions

The polymer gears of NPA66G, H15PA66G and H30PA66G materials have been
successfully manufactured. Applying governing factors, Polyamide66 gears have
been successfully examined on the basis of their performance characteristics using
factorial method of design of experiment. Wear performances and behaviour of
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different pairs of polymer gears have been explored under distinct torque levels.
It is obvious and can be concluded that the polymer gear of superior glass fibre
content shows lesser wear to that of inferior one. The wearing rate of polymer gears
grows on increasing torque levels. Some extra wear can be watched at higher torques.
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Assessing the Thermal Performance
of the Walls in a Building Using the Phase
Change Material Methodology

Shaheen Hasan, J. A. Usmani, Mohd. Islam, and Saif Uddin

1 Introduction

After the realization of the PCMs energy storage concept, many researchers work
on this concept and apply PCMs in the building by using different methods in the
wall and roof [1–3]. Those results were calculated by different authors in their study
when using different quantities of PCMs material used in building walls [4, 5].

Several studies has been done by the authors and conclude that the main factor
which influences the property of PCMs is melting point, mass and airflow rate. For
the optimum performance of PCMs, the melting point must be lying within the range
of thermal comfort temperature. Several researchers had presented their study on the
assessment of PCM’s property in different kinds of concrete block [6]. Concrete has
also played a significant role in determining the thermal performance of PCM wall.
Concrete property changed due to immersion time, alkalinity, immersion temperature
and dilution [7].

2 Methodology

To calculate a favorable temperature for a particular commercial building, a field
survey was conducted, as per ASHRAE 2007 guidelines. The Basic building prop-
erty has been taken from ECBC 2017, which is Indian standard building code and
mandatory to applied in the building. After picked up HVAC system one by one from
ASHRAE guiodeline book, then simulate the building for the whole year and find
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Table 1 Baseline building minimum performance specifications

Subject component Material Base case

Roof U factor with film (W/m2 K) 0.393

Wall U factor with film (W/m2 K) 0.677

Floor U factor with film (W/m2 K) 1.995

Glazing W/m2 K 1.199

Glass visible transmittance 0.301

Glass SHGC 0.252

Window-to-wall ratio 28

out the results. In this research work, EnergyPlus software was used. The EnergyPlus
is a collection of many program modules that works together to calculate the energy
required for heating and cooling a building using a variety of systems and energy
sources.

This basic property is defined in Table 1, now using HVAC system one by one
and found the results.

3 Description of HVAC System

ASHRAE defined 8 type of HVAC system, in this research work picked one by one
correspondingly simulated and then find out the effect of these HVAC system on load
means heating load and cooling load, it is basically a comparative study and tried to
find out which one is better for a particular building, location and occupancy level.

3.1 System 1 (Package Terminal Air Condition)

See Table 2.

Table 2 Energy consumption and gas emission

Electricity (kWh) SO2 (kg) CO2 (kg) CO (kg) NOx (kg)

Heating 4250 36.93 2499.94 14.4 10.28

Cooling 360,806.47 3135.41 212,237.2 1223.13 873
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Table 3 Energy consumption and gas emission

Electricity (kWh) SO2 (kg) CO2 (kg) CO (kg) NOx (kg)

Heating 760.35 6.6 447.085 2.578 1.804

Cooling 626,840.1 5447.24 368,582 2124.98 1516.7

Table 4 Energy consumption and gas emission

Electricity (kWh) SO2 (kg) CO2 (kg) CO (kg) NOx (kg)

Heating 2924.01 25.41 1719.3 9.912 7.07

Cooling 172,335.47 1497.6 101,333.25 584.2 416.98

Table 5 Energy consumption and gas emission

Electricity (kWh) SO2 (kg) CO2 (kg) CO (kg) NOx (kg)

Heating 2868.72 23.35 1686.8 9.72 6.94

Cooling 145,613.83 1265.4 85,620.9 493.6 4720.7

3.2 System 2 (Package Terminal Heat Pump)

See Table 3.

3.3 System 3 (Packaged Rooftop Air Conditioner)

See Table 4.

3.4 System 4 (Packaged Rooftop Heat Pump)

See Table 5.

3.5 System 5 (Packaged Rooftop VAV with Reheat)

See Table 6.
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Table 6 Energy consumption and gas emission

Electricity (kWh) SO2 (kg) CO2 (kg) CO (kg) NOx (kg)

Heating 445,132.55 3868.2 261,737.94 1508.99 1077

Cooling 535,565.01 4654.05 314,912.22 1815.56 1254.27

Table 7 Consumption of energy in different areas

Electricity (kWh) SO2 (kg) CO2 (kg) CO (kg) NOx (kg)

Heating 1,082,731.90 9408.9 636,646.35 3670.46 2619.8

Cooling 263,113.35 2286.45 154,710.65 891.95 631.5

Table 8 Energy consumption and gas emission

Electricity
(kWh)

SO2 (kg) CO2 (kg) CO (kg) NOx (kg) Electricity
(kWh)

Heating 1,462,051.12

Cooling 229,879.58 1997.65 135,169.2 779.3 551.74

3.6 System 6 (Packaged VAV with PFP Box)

See Table 7.

3.7 System 7 (Packaged Rooftop VAV with Reheat)

See Table 8.

3.8 System 8 (VAV with Reheat)

See Table 9.

Table 9 Energy consumption and gas emission

Electricity (kWh) SO2 (kg) CO2 (kg) CO (kg) NOx (kg)

Heating 1,161,142.16 10,090.28 682,751.59 3936.3 2809.5

Cooling 229,878.84 1997.62 135,168.758 776.9 556.2
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4 Modeling of PCM-Based Building Wall System
Assumptions

(1) Heat transfer is one-dimensional (x-direction only). The sunbeam incident on
the wall has been uniformly distributed throughout the wall with changes in its
intensity. In this paper, for numerical calculation it is assumed that the radiation
fall over the wall is constant. EnergyPlus software is used for the calculation of
PCMeffect. For the numerical calculation, a constant temperature is assumed for
ambient atmosphere. But in an actual ambient atmosphere, it is not constant. So,
any two points on the surface of the wall are to be considered in thermodynamic
equilibrium condition (no heat exchange with each other). So, the heat transfer
takes place along with the thickness of the wall.

(2) The ambient temperature does not maintain constant, it is low in the morning
than increase upto 5–6pmand reachedhigher tempand then reduced tillmorning
6 am, so basically if we observe ambient temp. don’t get a constant temp and
this ambient temp directly affect building inside room temp , it also change (if
don’t use any air conditioning). So if we applied PCMmaterial into the building
wall section, it tried to reduce this fluctuation inside the building and provide
thermal comfort constant temperature.

(3) In this research work firstly to calculate energy consumption load by selecting
an HVAC system one by one, then high energy consumption HVAC system was
picked up. In my research works, PTHP was a high energy consumption HVAC
system. So, the PCMmaterial was used in the same building with PTHP HVAC
system. Basically, the HVAC system maintained a human comfort temperature
and PCMmaterial was tried to minimize the variation in temperature inside the
building walls. So due to this, natural convective heat transfer between the inner
wall and room was reduced. The PCM material cannot eliminate the need of
HVAC system totally, but cooperates with the system and minimizes the load
on the HVAC system. PCM helps HVAC system in terms of reducing heat gain
through the wall which reduces the load on the system (Tables 10 and 11).

Table 10 Property used in PCM

PCM Tm (°C) Heat of
fusion (J/kg)

Latent heat of
fusion (Lf),
(J/g)

Density of
solid phase g
mL−1

T f (°C) Flash point
(°C)

Butyl stearate 23.7 121 128 0.861 g
mL−1 at
20 °C

24.4 160

Table 11 Thermal conductivity at different temperatures

T (°C) 40 50 60 70 80 90 100 110

Butyl stearate 155 154 132 150 149 147 146 144
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5 Results and Conclusion

From the study, several conclusions were drawn as described below.

1. With the help of this study, we conclude that system 4 ismore efficientlyworking.
For the same building area and environment, system 4 consumes less amount of
energy and provides same human comfort as provided by other systems. It is not
necessary that system 4 is effectively working for all kinds of area.

2. As per study, we concluded that system 2 (PTHP) consumes more energy as
compared to other 7 systems. So for the research work, we picked up the
worst case among them and applied PCM in the building walls. Through this,
researcher tried to improve the worst case (system 2), i.e., to reduce building load
at maximum level.

3. The effect of the PCM on the system 2 is shown in Fig. 1. The graph of system 2
with PCM declined to second last number. Figures 1 and 2 concludes that PCM
helps to reduce temperature in the space and saves energy to 55.18%.

4. Table 12 shows the negative sign in heating row; it means that in winter PCM
does not effectively work in this building.

The most important results obtained in this research work are that the PCM
emerged as having a lowmelting point temperature in the building wall receiving the
least amount of sun radiation. The PCMwould not work effectively if PCM kept at a
high latent heat of fusion in the building walls in combination with huge quantity of
sun radiation. If PCM does not reached at their melting phase, PCM does not work
effectively. Authors explain if orientation, shading or any PCM applied in a cold
region cause PCM not melt properly correspondingly does not work effectively. This

Table 12 Consumption of energy in different areas and savings

Electricity (kWh) system 2 with
PCM

Electricity (kWh) system 2
without PCM

Savings (kWh)

Heating 6067.45 760.35 −5307.1*

Cooling 393,397.27 626,840.1 233,442.83

*Negative sign shows that system 2 with PCM is consuming more energy as compared to system 2
without PCM
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Fig. 1 Comparisons of HVAC systems with HVAC system 2 with PCM
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Fig. 2 Temperature variation inside building space with PCM

research work concluded that with the help of PCM worst case could be changed
into good cases. The results also concluded that PCM properties are the function of
building wall geometry. So for best results of PCM in a different wall orientation,
then a different PCM in a different mass concentration should be used rather than
applying same PCM in the same concentration. It is not concluded that north wall is
best choice for the using PCM but it depends on building orientation. A particular
type of PCM is used for a particular environment condition.

References

1. Peippo, K., Kauranen, P., Lund, P.D.: A multicomponent PCM wall optimized for passive solar
heating. Energy Build 17, 259–270 (1991)

2. Feustel, H.E., Stetiu, C.: Thermal performance of phase changewallboard for residential cooling
application, Lawrence Berkeley National Laboratory, Report LBL: 38320 (1997)

3. Shapiro, M.: Development of the enthalpy storage materials, mixture of methyl stearate and
methyl palmitate sub-contract report to Florida Solar Energy Center (1989)

4. Zhang, Y., Zhou, G., Lin, K., Zhang, Q., Di, H.: Application of latent heat thermal energy storage
in buildings. Build Environ. 42, 2197–2209 (2007)

5. Khudhair, A., Farid, M.: A review on energy conservation in building applications with thermal
storage by latent heat using phase changematerials. EnergyConvers.Manag. 45, 263–275 (2004)

6. Stritih. U., Novak, P.: Thermal storage of solar energy in thewall for building ventilation, Second
workshop, IEA, ECES IAAnnex 17. In: Advanced thermal energy storage techniques, feasibility
studies and demonstration projects, pp. 3–5. Ljubljana, Slovenia, (2002)

7. Hawes, D.W., Feldman, B.D.: Latent heat storage in bottom concrete slab. Sol. Energy Mater.
21, 61–80 (1990)



Structural Analysis of Spur Gear
with Composite Material Under Different
Loading Conditions

Roshni Khanna and Prabhat Kumar Sinha

1 Introduction

A material which is made from more than two material with different chemical
and physical properties when combined they produce a material with character-
istics totally different from the individual components. The composite materials
are preferred over traditional material for many reasons such as these materials are
stronger, less expensive or lighter. An attempt is being made for replacing the gear
material of conventional steel with different composite materials in the required
application. In this work of the spur gear pair pinion as a driver and the gear as
the driven part made in the solid works software. Ansys 16.0 is that analysis soft-
ware which is used as the analysis tool for the static structural analysis and for the
replacement of traditional material with different composites under variable load
conditions. Simulated result gives the total deformation, equivalent vonMises stress.

1.1 Review of Literature

Yakut et al. [1] presented examination of PC/ABS material spur gears, and they
investigated damage. They also examined the use of PC/Abs as a material in spur
gear. The result shows that PC/ABS material is advantageous in many industrial
areas as they are durable against flame, holds low moister.

Siva et al. [2] investigated and described the design ofmetallic gears and proposed
the replacement of the metallic gears in sugarcane juice machine with the polymer
gears for the reduction in weight and the noise. They concluded and proved that the
composite gears give the useful properties of conventional gear.
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Patil et al. [3] presented free vibration behavior of spur gear with compositemate-
rial through FEMmethodology. They concluded and found that natural frequency of
gear increases with the increase in the fiber orientation.

Singh et al. [4] investigated using ANSYS workbench software, bending stress,
contact stress, and static load on the tooth of spur gear drive is found. The Hertz
theory and Lewis formula also were used for theoretical calculation of contact stress
and bending stress of spur gear. They observed and found that theoretically results
obtained by Lewis formula and Hertz equation were comparable with finite element
analysis of spur gear, keeping in mind the comparison they concluded that the finite
element analytical result can be better as a problem solving software and used for
other analyzing purpose.

Kapoor et al. [5] They studied the parametricmodel of differential gear boxwhich
is developed using some parameters. The case study shows that the composite mate-
rial can be used effectively in place of metallic material because the weight of glass-
filled polyamide composite material of differential is reduced by 60% comparing
with the traditional materials (auminum alloy, alloy steel, cast iron). Finally, they
concluded that glass-filled polyamide compositematerial is selected as a bestmaterial
for differential gear box.

Olguner et al. [6] studied about the design of spur gears with asymmetric teeth in
external pump applications. The process of generating the gear model calculations is
automated„ and using the data from themodel, tooth contact and root bending stresses
were evaluated during a mesh cycle by finite element analyses. They investigated
seventeen different spur gear pair designs for the different drive side pressure angles
coast side pressure angle and profile shift coefficients. They concluded that the effects
of these parameters on tooth contact stress, bending stress, flow rate and flow rate
fluctuations for specific gear pump.

Jabbour et al. [7] determined the root and contact stresses for metal, spur and
helical gears. The results of this method were verified by finite element calculations.
This method enables the modeling of a pair of meshed gears during an interval of
rotation for helical gears, non-uniform load distribution along the lines of contact.
They concluded that the parameters aswell as the gear configurationsweremaximum
for the bending and contact stresses.

Sjoberg et al. [8] presented that the high-performing gear transmission was
needed to reduce CO2 emissions. The gear surface roughness was investigated in
parallel with testing. Higher efficiency was observed for test using a high a running-
in load, and for low lubricant temperatures. The running-in load had larger effect on
the mesh efficiency than temperature. They concluded that high running-in load also
yielded higher gear mesh efficiency and had a larger impact on surface parameters.
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Ghosh et al. [9] studied how to reduce the vibration level with the modification
of the tooth profile of a of a spur gear pair. The severity of vibration and noise
at different operating conditions had been measured by different metrices, namely
dynamic mesh force, dynamic tooth force, bearing force along line of action and
offline action directions. The optimal modification of the tooth profile has been
obtained by solving an optimization problem. They concluded that the vibration
caused by geometrical errors like profile and pitch error could be reduced.

Keerthi et al. [10] studies and analyzed the stresses for safety conditions, and
weight reduction of gear was studied. The gear was modeled in Tworks and was
analyzed in ANYSYS 16. Static structural analysis was performed to determine the
deformation, and modal analysis was performed to determine the mode shapes and
natural frequencies, and the results were validated. They found that stress induced
was same in steel and composite material and natural frequencies vary.

2 Finite Element Analysis of Gear

The FEM is amethodology for finding the solutions of engineering and physics. FEM
simulates results to algebraic equations. This method approximates the unknown
function over the domain [4]. In this chapter, FEM tool is used to analyze and carried
by using the ANSYS 16.0 FEM tool to determine the total deformation, equivalent
von Mises stress (Table 1).

2.1 Static Structural Analysis of Gear Assembly
with Different Composite Materials at Different Torques

At torque 350 NM after designing gear and meshing (equivalent stress, total
deformation) (Fig. 1 and Table 2)

Table 1 Table showing the
parameters of gear design

GEAR PINION

Number of teeths 50 20

Module 5 5

Pitch circle diameter 260 104

Face width (in mm) 16 16

Dedendum circle diameter(mm) 247.5 91.5

Pressure angle (in degrees) 20° 20°

Face width (b) 20 20
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Fig. 1 Meshing in Ansys
analysis software

Table 2 Table showing material properties

Properties Unit Structural steel Carbon epoxy Carbon fiber high modulus

Young’s modulus GPA 210 450 320

Tensile strength MPA 500 52 274

Density KG/m3 7850 1800 7800

Poison’s ratio – 0.3 0.3 0.2

1. For structural steel

2. For carbon epoxy
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3. For carbon fiber high modulus

3 Conclusion

Themain purpose of this paper is the reduction of stress and the gear deformationwith
the use of othermaterials for the application of transmission system. For that purpose,
the solid modeling of the gear was modeled in solid works using the parameters.
Theoretical analysis and software analysis were done for finding the generation of
stress at different load conditions and were compared with one other. The FEM tool
ANYSYS 16.0 was used to analyse the composite material gear and steel gear. In the
images of total deformation and equivalent stress, the color range shows the different
values of result. The value was increasing from downwards to upwards from blue to
red. The red portion indicates that the area is most affected. The evaluation was done
under three conditions of torque. The total deformation and equivalent von Mises
stress for both materials conclude with the results.

1. The comparison between steel gear and composite material gear was carried out
for the required applications successfully under 350, 400 and 450NM, and Table
3 shows the corresponding results for total deformation and equivalent stress.
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Table 3 Table showing the comparative results

Torque
conditions
(NM)

Total deformation (m) Equivalent von Mises stress

Structural
steel

Carbon epoxy High
modulus
carbon fiber

Structural
steel

Carbon
epoxy

High
modulus
carbon
fiber

350 3.2047e−5 1.4243e−5 2.054e−4 9.4754e7 9.4754e7 9.7968e7

400 3.6625e−5 1.6278e-5 2.3474e−4 1.0829e9 1.0029e9 1.1196e8

420 3.5238e−5 0.000017092 2.4648e−4 1.137e8 1.137e8 1.1756e8

2. The inner portion of the gear pair was less stress; hence, the deformation in that
area was less and contact area of the meshed gear was most affected; in each
case, the stress induced is maximum and the deformation was also more.

3. While comparing the data from Table 3, it was found that deformation and von
mises stress induced were less for the carbon epoxy composite as compared to
other composite materials. Hence, carbon epoxy material can be used for its
useful properties to replace the conventional material gear.
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Mitigation of Harmonic Current
in Grid-Connected Solar Power System

Uma Yadav, Anju Gupta, H. K. Rai, and D. K. Bhalla

1 Introduction

As far as the solar power is concerned, it is first concentrated by solar cells. Assembly
of these cells is called solar module and the combination of modules, forms a Panel.
Multiple panels connected together form an array, which is designed to supply
significant power to the grid. When solar power is directly connected with the grid,
certain problems are faced, like change in voltage, change in frequency, spikes, and
harmonics of current. The grid-connected loads are nonlinear and complex in nature.
Moreover the power obtained by solar PV is not uniform. To solve these problems,
we use multiple approaches. One technique is MPPT. Simulator is used to simulate
these faults. One example of simulator is SPI-Sun Simulator 350i [1]. Use of inverter
can control the power requirement of the changing load [2]. Distribution board (DB)
interfacing the inverters and solar panels is used to meet the ever-increasing demand
of electricity and to cope up with the interrupted supply. It reduces the need for
installing new transmission lines which are very costly and difficult to install. Miti-
gation of harmonics improves quality of power supply, commercially viable, and
sustainable. It is environmental friendly too. Of course, the safety while installing
these large panels must be kept on priority [3].

MPPT technique is used to track maximum power at optimum temperature. Inter-
estingly, maximum solar power output is not at highest temperature during noon time
in summers.

In this paper, a model is made to simulate and analyze the harmonics and method
found to compensate the reactive power, when PV generated power is connected to
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the main supply. PI type controllers are used. The tailor-made current controller (i.e.,
combining a PR controller and an RC controller) can achieve relatively high control
accuracy as well as less complexity [4]. Synchronous reference framemethod is used
to obtain reference current against compensation of complex load. This synchronous
reference frame method, separates the reactive and harmonic components of the load
current. This controlmethod reduces the calculations and givesmore accurate results.

This shows the working of grid-connected DG system driven by boost converter
and a three-phaseVSI.There is considerable improvement in quality of supply current
using thismethod. This is seen that solar electricity supplied to the grid by this system
has the same frequency, amplitude, voltage, and phase with no spikes and harmonics,
as available on the grid.

2 Representation of Power from PV to Grid

A typical assembly of solar power generation and connections to grid i shown below
in Fig. 1. Here, a model has been selected for simulation, and schematic diagram of
the same is shown.

The basic elements of grid-connected PV system are solar panel, renewable power
system inverter (typically used for 600 KW solar plant manufactured by Bonfiglioli
Vectron), DC distribution board, MCB box, and auxiliary power supply with battery
bank. These all are important and play vital role. To convert DC into AC, an inverter
is must which is connected in series; this ensures the correctness of frequency, phase,
and amplitude of the current. Also, the inverter must be of good quality, and it should
be reliable to bear loads of power grid. With mixed and varying loads, the harmonic
sources are more which hamper the quality of current. Our effort is to bring power
factor to unity (one), at appropriate voltage. This ensures efficient energy transfer
with reduced reactive losses.

To detect harmonics and reactive current and to mitigate them, synchronous
reference frame method has been used.

Fig. 1 Schematic diagram of power from PV to grid
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3 Analyses of Reference Current and Output Current

In fact, there are three components of total current: Active component, reactive
component, and the harmonic. The operating principle of PV based grid-connected
system is discussed in following steps.

(i) At first, detection of grid voltage and current of total load is observed.
(ii) Calculation for harmonic component, active and reactive components of load

current is done, and subsequently command signal is generated.
(iii) Then, the controller generates the current reference. Actual current needed is

calculated to compensate, harmonic, active, and reactive components of total
load.

(iv) The coordinates are generated to differentiate the reactive and harmonic current
components of the grid.

(v) Then, the inverter supplies steady current and voltage and absorbs harmonics.
It reduces reactive power also.

The purpose of using synchronous reference frame (SRF) method is to sepa-
rate out the reactive and harmonic components of the load current. When reference
current is generated, the design of controller ismade.When value of reference current
is obtained, the controller is designed. Once value of reference current is known,
this controller supplies the output current of the inverter according to this reference
current. The transformations of Park and Clarke are used for simulation. Clarke
transformation makes use of two equations, whereas Park transformation uses the
three equations. Both have their own advantages. Clarke transformation is simple,
whereas Park transformation tells the voltage direction as well as it calculates the
load current components. A high pass filter, which is used in d axes, will not permit
the DC component of current, which has less frequency range of around 10–15 Hz.

But, we see from the other angle Park transformation which has other added
advantage that it does not make use of compensator.

4 Results and Discussion

In Figs. 2 and 3, characteristics of the PV module (P–V and I–V curve) at constant
irradiance and constant temperature have been shown,which indicates an open circuit
voltage of 20 V and short-circuit current of 2.5 A. For simulation of this model grid-
connected PV system, an equivalent source of current is designed and used, with
a diode connected in series. This is obvious that the current generated by the solar
array will be proportional to the solar power attained from the Sun. We obtained
52.5 W of power at 2.5 A circuit current and at 20 V. To step up the DC voltage,
before inverter, a boost converter is used. Finally, it is the inverter, which supplies
AC current, to the grid, although it extracts the power from Sun, in DC form. This
inverter has a controller to ensure high-quality output of power and compensating
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Fig. 2 I–V characteristics of photovoltaic array

Fig. 3 P–V characteristics of photovoltaic array

reactive power and harmonics as well. The point where inverter is connected with
the grid is called PCC or point of common connection. A DC link capacitor is used,
in between the PV array and inverter, which acts as a current reservoir.

Figures 2 and 3 shows the I–V characteristics versus current and P–V character-
istics versus power.

The model as discussed above is simulated at MATLAB/Simulink software. A
typical reading of DC boost converter is taken at 0.05 s, giving output voltage of
80 V, the full-wave diode rectifier, which is used, generates RL load on the circuit.
The harmonic currents on the main load are continuously generated due to complex
load. The control circuit tracks the reference current as shown in Fig. 4. This is with
respect to time. Figure 5 is showing the output tracking current with respect to time.

We see from the obtained results that the reactive power of grid is zero after
0.05 s. This shows that DC voltage is not varying and reactive power compensation
is taking place. Both grid voltage and current are in same phase. The overall current
is non-harmonic with non-reactive.
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Fig. 4 Time versus reference current

Fig. 5 Time versus output current

5 Conclusion

The results obtained from SRF controller, for grid-connected solar PV system, were
stimulated and studied. These show that the system gives extremely good results with
varying and complex loads of the grid. It gives very favorable results on reactive
and harmonic components of the load current. Phase is also same. Calculations
are reduced. Supply current quality is considerably improved. Although complete
harmonic compensation is not there, due to limitation of inverter and varying load.
But, it is need of time to connect solar PV system with the grid, so that solar power
is not only fully utilized, but also it can be supplied to the main grid, and if solar
power availability is less, it can be compensated by the grid current.
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Investigation of Optimum Process
Parameter on CNC Turning
for Aluminium Alloy AA6262 Using Grey
Relational Analysis

Rahul Sharma, Kamal Sharma, Devendra Singh, Kuwar Mausam,
and Ravindra Pratap Singh

1 Introduction

Manufacturing industry has challenge to achieve high productivity and high quality
withminimum input likemachining parameters, time, manpower, fuel and electricity
consumption. To achieve this industrial goal, it is important to optimize themachining
parameters such as speed, feed and depth of cut [1]. This chapter gives an overview
of the optimization method which is used to optimize the machining parameters for
CNC turning on AA6262 T6 aluminium alloy [2, 3]. AA6262 T6 is used for screw,
machine product, nuts, coupling, marine fitting, Hinge pin, Oil line fitting andValves.
So we need to optimize the machining parameters for the faster production.

The experiment has been performed for minimum surface roughness (SR) and
maximum material removal rate (MRR) because these two factors are important
for any product and machining process. Surface roughness is the main considerable
factor for the product [4]. Material removal rate is an important factor for production;
each industry wants to remove maximummaterial with minimum time [4]. It reduces
the cost and production time and increases productivity.

Saravanakumar is used a grey relation analysis in Taguchi method for the opti-
mization of machining parameters of turning of aluminium alloy AA6063 T6 and
determines that feed rate is most influencing factor for grey relation grade followed
by depth of cut and speed [5, 6]. Jayaraman is used a grey relation analysis in Taguchi
method for the optimization of machining parameters of turning of aluminium alloy
AA6063 T6 and determines that feed rate is most influencing factor for grey relation
grade followed by depth of cut and speed [7, 8]. The experiment has been performed
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with multiple responses based on orthogonal L9 array with grey relation analysis
(GRA) [9, 10].

2 Experimental Setup

2.1 Machining Process

The machining process is the method to obtain to machining part with good surface
finish. Machining process involves many factors like feed, speed and depth of cut
to achieve desired surface quality and MRR which depends on many factors like
geometry to be generated, shape [11]. Grey relation grade in Taguchi is used for
the optimization process. There is a lot of research work is carried out to obtain
the optimization of machining parameters. For the optimization condition, we study
machining parameters with power consumption and lubrication which has been used
in the CNC machine [5, 6].

2.2 Machine Tool

The machine tool which has been used for performing the experimental work is
Speed Turn make CNC turning Centre Model ST-400 G X750 (Siemens 808D) CNC
system shown in Fig. 1a and machine specification has mentioned in Table 2. The
factorwhich is considerable for the experiment is feed, speed and depth of cut (DOC).
Experiment work has performed on three levels which is shown in Table 1 ADDIN
EN.CITE ADDIN EN.CITE.DATA [12, 13].

Fig. 1 a CNC turning machine. b Surface roughness tester
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Table 1 Levels and
parameters

Description Measurement

Max. swing over bed Ø 400 mm

Max. swing over carriage Ø 240 mm

Max. length of work piece 1000 mm

Range of spindle speed 200–2000 rpm

Spindle bore Ø 60 mm

Table 2 CNC machine
specification

Machining parameters Level 1 Level 2 Level 3

Feed (mm/rev) 0.05 0.08 0.11

Speed (RPM) 700 900 1100

Depth of cut (mm) 0.8 1.2 1.6

2.3 Experimental Plan

In this research work, we use the L9 standard array in Table 3. It is a suitable array
for three levels and three parameters. It provides data with a change in a variable.
Machining levels and parameters are shown in Table 1.

Material removal rate (MRR) is calculated by

MRR = f ∗ v ∗ d (1)

v = (π ∗ D ∗ s)/60 (2)

where

f Feed in mm/rev.

Table 3 L9 standard array Exp. No. A B C

Speed Feed DOC

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
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v Velocity in mm/s.
d Depth of cut in mm.
D Original diameter in mm.
s Speed in RPM.
MRR Material removal rate (mm3/s).
SR Surface roughness in μm.

2.4 Surface Roughness Tester

The values of surface roughness (SR) of experimental work piece were measured
by using surface Roughness tester of Mitutoyo SJ-210 4 mN shown in Fig. 1b. SR
testers get in contact with the surface ofwork piece for a few seconds to get roughness
value. This process is repeated for performing many operations and get value. Aim
is to be achieving minimum surface roughness. SR texture is a component of surface
texture [12].

2.5 Work Piece Material

Aluminium alloy AA6262 T6 has been used as a work material in this experiment
because of their properties shown in Table 4. It is a heat treatable alloy with high
strength and good corrosion resistance. It also has an excellent machinability and
surface finish. AA6262 T6 shown in Fig. 2 is used for screw, machine product, nuts,
coupling, marine fitting, Hinge pin, Oil line fitting and Valves. Experimental values
are shown in Table 5.

Table 4 Chemical composition of aluminium alloy AA6262 T6 by weight%

Chemical
elements

Fe Cu Si Cr Mg Mn Ti Bi Pb Zn Other Al

Per. (%) 0.50 0.25 0.60 0.10 0.10 0.15 0.10 0.60 0.50 0.15 0.15 98

Fig. 2 a Specimen after machining. b Drawing of specimen
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Table 5 Experimental values for L9 array

Exp. No. Speed Feed DOC SR MRR

1 700 0.05 0.8 0.516 29.74627

2 700 0.08 1.2 0.515 71.39104

3 700 0.11 1.6 1.515 130.8836

4 900 0.05 1.2 1.017 57.3678

5 900 0.08 1.6 1.711 122.3846

6 900 0.11 0.8 0.71 84.13944

7 1100 0.05 1.6 0.554 93.48827

8 1100 0.08 0.8 5.102 74.79061

9 1100 0.11 1.2 2.123 154.2556

3 Grey Relational Analysis (GRA) Method
for Optimization

GRA is applied to convert multi-variables into a single variable and find out the
optimum condition in which MRR in mm3/s is maximum and surface roughness in
μm is minimum [13]. The following steps are used for grey relation grade (GRG)
[7, 8].

Step 1: Grey relational generation

In this step, we find out the normalization of the experiment performed.

x∗
i (k) = xki (k) − min

(
x0i (k)

)

max
(
x0i (k)

) − min
(
x0i (k)

) (3)

In the present work, the surface roughness has to be minimized and the
normalization of experimental data can be calculated as follows.

x∗
i (k) = max

(
x0i (k)

) − xki (k)

max(x0i (k)) − min
(
x0i (k)

) (4)

Step 2: Calculated deviation sequence is for each experiment and shown in Table
6.

Step 3: Calculated grey relation coefficient for surface roughness and MRR.

ζi (K) = �min+μ∗�max

�0i (k) + μ∗�max
(5)

Here, �0i (y) is deviation sequence
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Table 6 Grey relational normalization and �0i is deviation sequence calculated with reference
sequence 1

Exp. No. Normalized data Deviation sequence �0i

MRR SR MRR SR

1 0.00000 0.99978 1.00000 0.00022

2 0.33447 1.00000 0.66553 0.00000

3 0.81229 0.78199 0.18771 0.21801

4 0.22184 0.89056 0.77816 0.10944

5 0.74403 0.73926 0.25597 0.26074

6 0.43686 0.95749 0.56314 0.04251

7 0.51195 0.99150 0.48805 0.00850

8 0.36177 0.00000 0.63823 1.00000

9 1.00000 0.64944 0.00000 0.35056

�0i (y) = ∣∣x∗
0 (y) − x∗

i (y)
∣∣ (6)

Minimum value for �0i (y) is �min, and maximum for �0i is �max [21].

�0i (y) = �min = min
∣∣x∗

0 (y) − x∗
i (y)

∣∣ (7)

�0i (y) = �max = max
∣∣x∗

0 (y) − x∗
i (y)

∣∣ (8)

0.5 is the value of (M) I.E. identification coefficient its range is 0 ≤ M ≤ 1

�max = 1(MRR)

�min = 0(SurfaceRoughness)

Table 7 shows the grey relational coefficient of experimental values.

Step 4: Calculate overall GRG. Surface roughness and MRR are two factors; Table
7 shows GRG for machining parameters [14].
Table 7 The maximum value of GRG is shown in experiment No. 9.

Step 5: Calculate the mean of GRG.
The mean of GRG is the average sum of grey relational coefficient.

γ
(
x∗
0 , x

∗
i

) = γi = 1

n

n∑

k=1

ζi (k) (9)

Here, n is the number of process parameters.
Step 6: Grey relational ordering.
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Table 7 Grey relation
coefficient for each
experimental value and
overall GRG

Exp. No. Grey relational coefficient Grey relational
gradeMRR SR

1 0.33333 0.99956 0.66645

2 0.42899 1.00000 0.71449

3 0.72705 0.69637 0.71171

4 0.39119 0.82043 0.60581

5 0.66140 0.65726 0.65933

6 0.47030 0.92164 0.69597

7 0.50604 0.98328 0.74466

8 0.43928 0.33333 0.38631

9 1.00000 0.58785 0.81974

Greatest grey relational grade gives an order 1. Equation 7 is used to calculate
grey relational grades. From Table 7, we find out that experiment 9 has the greatest
grey relational grade. The larger value in the S/N curve is considered as an optimum
parameter. So the optimum turning parameters have s1f3d2 [7, 15].

4 Result and Discussions

Mean of GRG shown in Table 8. It represents the significant levels of parameters.
Significant level is the difference betweenmaximum andminimum values of process
parameters. Greater significant is the greatest difference. From Tables 8 and 9 it is

Table 8 Means for GRG
response table

Level Speed Feed Depth of cut

1 0.6976 0.6723 0.5829

2 0.6537 0.5867 0.7133

3 0.6502 0.7425 0.7052

Delta 0.0473 0.1558 0.1304

Rank 3 1 2

Table 9 S/N ratios response
table

Level Speed Feed Depth of cut

1 −3.133 −3.480 −4.978

2 −3.706 −4.933 −3.000

3 −4.183 −2.610 −3.044

Delta 1.050 2.324 1.978

Rank 3 1 2
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Fig. 3 a Main effect plots for mean for grey relation grade. b Main effect plots for S/N ratio for
grey relation grade

Table 10 Results Experiment Parameters SR MRR

Initial prediction s3f3d2 2.123 154.25564

Experimental s1f3d2 1.045 163.88357

clear that feed has more contribution to optimization followed by depth of cut and
speed.

It gives a maximum MRR and minimum surface roughness. Figure 3a shows the
mean of GRG and Fig. 3b shows the main effect plots of S/N ration. Initial prediction
and experimental results are shown in Table 10. Figure 3a shown that,

• With an increase speed, GRG decrease up to level 3.
• With an increase of feed, GRG decreases up to level 2, then increases up to level

3.
• With an increase of depth of cut, GRG increases up to level 2 and then decreases

up to level 3.

5 Conclusions

The seed, feed and depth of cut are measured under the different cutting condi-
tion for find out the optimum combination. In this present work, we found out the
optimum combination of process parameters, naming speed, feed and depth of cut
for maximum MRR and minimum surface roughness through GRG; it is the best
method to find out the optimum value with least time. Following experiment results
are concluding.

• Optimum process parameters are s1f3d2, i.e. speed 700 RPM, feed 0.11 mm/rev
and DOC 1.2 mm.
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• Optimum surface roughness is 1.045 μm.
• Optimum MRR is 163.884 mm3/s.
• For the optimization, value feed has the main factor, it has first rank.
• Depth of cut (DOC) has the second rank.
• Speed has a third Rank.
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Role of Performance Measures
in the Configuration Selection
of Reconfigurable Manufacturing System

Gaurav Kumar, Kapil Kumar Goyal, and Neel Kamal Batra

1 Introduction

Manufacturing plays a crucial role in economic growth of a nation. Customization
and flexibility in demands are creating challenges for modern industries. To cope up
these challenges, industries required to reduce production time and cost along with
improvement in quality to fulfill the customer requirements. To take these challenges
as an opportunity, industries are using such manufacturing system which provide
product with changing capabilities and functionalities [1]. Nowadays, there is a great
advancement in automation, soft computing, and IT sectors which are playing a
great role in manufacturing industries to cover the above challenges easily. Finally, a
reconfigurable manufacturing system (RMS) have the capabilities which permit it to
be replanned and redesigned as andwhen required so as to reconfigure itwithin a short
time to meet the changed production requirements. In RMS, for designing a desired
product, both software and hardware can be re-oriented quickly and trustworthily [3].
Koren et al. [3] first described how system configurations can have a significant effect
on RMS in terms of performance like throughput and quality. The RMT which are
located at the heart of RMS is configured to accommodate capacity and functionality
by selecting the required auxiliary and basic modules, including kinetic modules
and structural modules, from the module catalog. The RMT is a modular machine
consisting of a variety of modules and required controllers [4, 5]. The RMT may
be used to relocate or adjust modules without varying its topological features, RMT
may be used [6, 7]. This paper summarizes the reconfigurable manufacturing system
managed within the framework of this study. In the present investigation, authors
intend to propose a design of flow line configuration for the RMS based upon the
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performance metrics discussed for RMS and various other manufacturing layouts
[1, 6, 8, 9].

2 Need of the Performance Issues Measure

The performance indices play a very crucial role in the design and development of
these new classes of manufacturing systems. The availability of various configura-
tions and the ability of theses configurations to perform multiple operations with
different capabilities generate lot many alternatives which need to be graded based
upon the economic and responsiveness capabilities [8, 9].

The present study considers a reconfigurable flow line layout with paralleling of
similar machines to fulfill the required capacity. In order to perform the desired oper-
ations on the part having operation sequence 1-3-8-11, four stages are proposed (see
Fig. 1). Each stage is able to perform the desired operation through allotted RMT. The
possible number of configurations may vary depending upon the number of feasible
RMTs available to perform the desired operation at each stage. Number of machines
required on a particular production stage depends upon the production capacity of
the allotted RMT to perform a desired operation in its existing configuration. In the
considered illustration, following are the feasible configuration designs:

Appropriate performance parameters are required for finding the best alternative
among the vast set of alternatives generated mostly due to the multiple configuration
of RMTs being capable of performing the same operation on varied rate of outputs
with different costs involved. Various performance parameters considered in this
investigation are cost, reliability, machine utilization, and operational capability.

1 1
1
2

1 3 8

No. of machine 
assigned/Production 
Stage

Machine and its 
Configuration

Operation Sequence 
Production Rate=60 
parts/hr.

Feasible Alternative 
Machine Configura-
tions.

1
2

11

2/S-1 3/S-2 5/S-3 3/S-4

Fig. 1 RMS flow line feasible machine configurations mapping
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3 Performance Measure

Cost (C), reliability (R), machine utilization (MU), and operational capability (OC)
are the basis of choosing a feasible machine configuration to perform the operation.
Despite the low level of comprehensiveness of manufacturing systems, the cost is
the most important concern in analyzing the performance of manufacturing systems
while the other parameters like reliability, machine utilization, and operational capa-
bility show responsiveness [10]. An illustration is presented to access the impact of
performancemetrics on a flow line configuration based on the random data generated
for various parameters taking into the relevant literature into consideration.

3.1 Cost (C)

The cost of a combination is calculated by,

C = n × CM,Where n = D/P

n is the number of machines needed to meet the demand (D), P is the rate of
production of themachine, andCMis the cost of themachine. The cost is an important
and non-beneficial performance parameter and is to be minimized. For illustration,
consider a layout configuration mc23 → mc31 → mc11 → mc32, for which the demand
is 60 units. In Table 1 [1], the production rates of RMTs for the selected machine
configurationsmc23 → mc31 → mc11 → mc32 are 30, 20, 12, and 25 units respectively.
The cost of considered RMT configurations as per Table 1 are 1825, 1025, 750, and
1140 units, respectively. The numbers of machine required for the combination are
2, 3, 5, and 3, respectively. Then, the cost of this configuration is 1825 × 2 + 1025
× 3 + 750 × 5 + 1140 × 3 = 13,895 US$. Similarly, the cost of other machine
configurations is given in Table 2.

3.2 Reliability (R)

Reliability of the system is defined as the probability that the systemwill run without
failure for a specified period of time. Reliability is useful attribute that is to be
maximized. Configuration having single machine at each stage, R is determined by:

Rseries =
N∑

i=1

Ri

For each configuration having multiple machines, the reliability is determined by:
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Table 2 Overall performance measures

Configuration design
s. no.

Cost in US$ Reliability Machine utilization Operational capability

1 13,895 0.108 0.95 58

2 14,115 0.072 1 58

3 16,320 0.126 0.92 31

4 16,540 0.084 0.97 31

Rparallel = 1 −
N∑

i=1

(1 − Ri )

where Ri is the reliability of the ith configuration, e.g., if the combination mc23 →
mc31 → mc11 → mc32 is taken into account. The reliability of each machine configu-
ration is 0.6, 0.6, 0.5, and 0.6 from Table 1. Thus, the reliability of the combination
is determined by R = 0.6 × 0.6 × 0.5 × 0.6 = 0.108. Similarly, the reliability of
other machine configurations is given in Table 2.

3.3 Machine Utilization (MU)

The decrease in utilization of machine capacity can affect economic performance,
which can cause serious threat to the existence of the industry inmachines. Therefore,
machine utilization is calculated by:

MU = D

P × n

where D is the demand rate, P is the rate of production, and n is the no. of machine.
Machine utilization is a useful property to maximize. For example, the required
production rate is 60 parts/h at production stage 1 for the selected machine configu-
rationmc23. The production rate of selectedmachine configuration is 30 parts/h; there-
fore, machine utilization according to above equation is 1.0. The machine utilization
of the combination mc23 → mc31 → mc11 → mc32 would be the average of the
all stages which is 0.95 in this case. Similarly, the machine utilization of another
machine configuration is given in Table2.
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3.4 Operational Capability (OC)

Depending on the various operations that the machine can perform in the current
configuration, the operational capability is calculated for performing a specific oper-
ation k (1 < k < K) of the machine configuration in a feasible alternative. Our goal
is to maximize operational capability. A power index Y is used to represent that
consideration. The operational capability is calculated using:

OC =
[(

K∑

k=1

δ
q
p,k

)
− 1

]Y

δ represents 1 if operation q can be performed with machine p having its kth config-
uration, otherwise 0. The machine mc23 is capable of performing operations 1, 4, 8,
11, 15, 17, and 19. Thus, the operation capability for mc23 is [(7) − 1]2 = 36. The
operational capability of the combination mc23 → mc31 → mc11 → mc32 would be
the sum of all production stages which is 58. Similarly, the operational capability of
other machine configurations is given in Table 2.

4 Discussion

Performance measures considered in the present study for the sample configurations
have been given in Table 2. It can be observed that the configuration 1 is the most
economical solution but lacks in the reliability and machine utilization point of view.
Similarly, the machine 2 has highest machine utilization but is the lowest in the
reliability from which it can be envisaged that the desired level of production output
maynot be achieved.Theoperational capability is important to gage the level of future
adaptability to adjust the variations in the mix and volume. The configurations 1 and
2 are certainly better than 3 and 4 on the basis of adaptability. Thus, it is evident from
the illustrative configurations considered that the no single configuration can serve as
best configuration on all the performance metrics. The weightage assigned to various
configurations by experts would certainly affect the decision on the configuration
selection. In the present era, such kind of configurations is preferred which are cost
effective and reliable enough with maximum machine utilization and operational
capability to enhance the throughput and the overall economy of the reconfigurable
manufacturing system.
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5 Conclusions and Future Scope

In themodern industries, a process engineer always keep planning to improve the cost
effectiveness, reliability, and the ability to respond faster to the sudden unpredictable
changes through selection of appropriate flow line configurations with different
combination of reconfigurable machine tools. No single configuration can fulfill all
the expectations on various metrics; thus, role of selection of performance metrics
ensures the survival and growth of an industry. In the present study, four perfor-
mance measures viz cost, machine utilization, operational capability, and reliability
have been presented through sample flow line configurations. Further, it has been
concluded that cost and machine utilization contribute to the cost effectiveness, the
reliability leads to on time deliveries, and the operation capability helps to cater
the needs of upcoming new products and helps in handling the product volume
and mix variations. It has been observed that no single configuration gives the best
values among all the performance measures, and hence based on the diverse needs,
suitable flow line configurations can be designed implementing the presented perfor-
mance metrics. It will enable the system for adjust capabilities and functionality
based on the demand and response to market fluctuations. In future, authors plan
to develop a multicriteria decision-making approach for the sensitivity analysis of
various configurations.
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Investigation of Variation in Stress
Concentration Factor with the Change
in Orientation of Central Hole
on a Rectangular Plate

Manish Pandey, Aprajita Patel, Kshitiz Jaiswal, Lalit Kirola,
and Subodh Kumar Sharma

1 Introduction

A stress concentration, also known as stress risers, is a location in an object where
stress is concentrated. When an object has uniform geometry, stress is distributed
evenly across its cross section.Any reduction in the area results in a localized increase
in the stress. An abrupt change in the cross section area due to irregularities causes a
variation in the distribution of stresses; this happens for various types of stress-axial,
bending or shear due to the presence of fillets, holes, grooves, or irregularities on the
surface. The usage of structural steel plates is inevitable in mechanical structures,
civil engineering structures, marine structures, aviation structures, and various other
places. In order to reduce the stress concentration factor, deciding the shape of the
holes on the structural steel plates has been an important engineering problem. These
holes are mostly created in plates to cut the weight of the structure or to create points
of entry and exit. These holes change the plate geometry and lead to severe local
stresses called stress concentration around the holes. Stress concentration reduces
strength and causes premature failures in the structures and plastic deformations at
the point of stress concentration. We have come to know from our experience that
most failures occur in aerial structures due to the presence of stress concentration at
joints. Therefore, it becomes necessary to keep a check over the stress concentration
factor before the manufacturing of structures.

Stress concentration in a plate under uniaxial loading and weakened by a hole was
identified in early periods of development, and some fundamental analytical methods
to eradicate them were presented by Muskhelishvilli [1]. Materials applied in this
study were assumed homogeneous, isotropic, and linearly elastic. By using methods
such as complex variables method and conformal mapping, Savin [2] solved the
infinite plate with a rounded triangular hole. Inglis [3] by determining the stresses
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(a) (b) (c) 

Fig. 1 Hole inclination a 30°, b 45°, c 90° from vertical axis

around the elliptical holes presented that stresses developed near the crack tip is
much more than other places in any structure under loading. Fracture theory based
on energy balance in an ideal brittle material was presented by Griffith et al. [4]. The
stress analysis by Inglis was used by him to obtain a method to reduce elastic energy
at a plate; boundary element alternating method was developed by Chen et al. [5] to
study the stress concentration of two-dimensional plate with perforation. Pilkey et al.
[6] presented a paper on stress concentration factor for different possible specimen
configurations. Abuelfoutouh [7] brought about the circumferential stress around
different holes such as triangular, square, circular, and circular holes for a special
conformal mapping using composite shells. Also, Rezaeepazhand and Jafari [8]
dispensed the solution for the study of anisotropic plateswith holes. They also derived
stress concentration factor for various shapes of the hole in metallic plates of infinite
sizes and followed the effect of the loading directions and bluntness on the stress
concentration. Stress distribution was studied by Ardalani [9] for the different holes
in a metallic plate of finite length, the complex variable method, and the expansion
of research conducted by various authors [10–19] used finite element method to find
the augmentation of the composite plates with multiple holes. They considered the
effect of hole spacing relative to each other and the number of holes. Based on the
finite element method and particle swarm optimization, an optimization method for
designing the reliability of composite structures was presented.

Study of variation in stress concentration factor is done in this paper, taking into
consideration the cases where the orientation of holes has differed, and it is inclined
at different angles as shown in Fig. 1.

2 Finite Element Approach

FEA is a computational tool used to perform engineering analysis. It involves the
generation ofmesh, for dividing thewhole geometry into thousands of finite elements
to perform the required analysis, which is done by solving the equations over these
elements. The smaller the mesh size and larger the number of elements, the more
accurate are results. The FEA solver algorithm firstly calculates the deformation at
nodes and based on these results, it calculates strain in the element using the shape
function. Hence, the problems of thermal stresses, elasticity, solid mechanics, or
computational fluid dynamics are solved by the help of simultaneous differential
equations and boundary equations.
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3 Methodology

The objective here is to obtain various parameters such as deformation, equivalent
stress, normal stress, equivalent elastic strain, and stress concentration factor by simu-
lating the model of a flat plate using ANSYS software which undergoes application
of different uniaxial loads. The object under consideration is a flat plate of structural
steel having a circular slot at its geometric center. Reference geometry.

A flat plate having the following dimensions with no hole-thickness—0.00635 m,
width—0.0508 m, length—0.4 m.

• Model 1—Plate with a hole of diameter 0.0254 m, inclined at 30° from vertical.
• Model 2—Plate with a hole of diameter 0.0254 m, inclined at 45° from vertical.
• Model 3—Plate with a hole of diameter 0.0254 m, in the perpendicular direction.

Structural steel is the chosen material which has following properties—Elastic
modulus (E= 205 GPa), yield strength in tension (Sy= 250MPa), ultimate strength
(Su= 460 MPa), dimensions of the simulated model were—thickness—0.00635 m,
width—0.0508 m, length—0.4 m, hole diameter—0.0254 m. The rectangular sheet
of above-specified material having a hole in its centroid was then analyzed under
different loading conditions—5000, 10,000, 15,000, and 20,000 N.

4 Results and Discussion

• A flat plate without hole loaded with an axial tensile force is ranging from 5000
to 20,000 N, since no cut-out is present in this case, we get the maximum value
of normal stress (15.5–62 MPa), when compared to all other cases. Also, stress is
not concentrated at any specific point; it is evenly distributed across the plate.

• Figure 2 shows a flat plate having hole inclined at 30°, loaded with an axial tensile
force ranging from 5000 to 20,000 N. When the plate having hole inclination at
30° is loaded, it gives the median value of stress concentration factor and total
deformation.

• Figure 3 shows a flat plate having hole inclined at 45°, loaded with an axial tensile
force ranging from 5000 to 20,000 N. In the case where the hole is inclined at 45°
to the longitudinal axis, minimum value of normal stress and stress concentration
factor is found. It shows that the inclination angle of the hole plays an important
role, and we can minimize the stress concentration for plates with uniaxial tensile
loading by changing the value of this parameter.

• Figure 4 shows a flat plate having hole inclined at 90° (straight), loaded axially
ranging from 5000 to 20,000N. Themaximumvalue of stress concentration factor
comes in this case. But, the value of maximum total deformation is the lowest in
this case. This change is due to the inclination of the slot.

The results show that maximum stress concentration occurs at the boundary of
the hole. Hence, this area is most vulnerable to fracture or fatigue and often crack
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(a) (b)

(c) (d)

Fig. 2 Stress distribution in plate with hole inclined at 30° at applied load of a 5000 N, b 10,000 N,
c 15,000 N, d 20,000 N

generation and propagation starts from here only. This area is depicted by red and
orange colors in the contour diagram. In addition to that, the following inferences
are drawn to see Fig. 5, i.e.,

1. The minimum value of stress concentration factor is found in the case of the plate
having hole inclined at 45°.

2. The maximum value of the stress concentration factor is found in the case of the
plate having a vertical hole (in longitudinal axis).

3. The minimum value of total deformation comes in the case of the plate having a
vertical hole (90°).

4. Value of stress concentration factor is independent of the value of forces applied
and depends on the subject and its geometry.
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(a) (b)

(c) (d)

Fig. 3 Stress distribution in plate with hole inclined at 30° at applied load of a 5000 N, b 10,000 N,
c 15,000 N, d 20,000 N
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(a) (b)

(c) (d)

Fig. 4 Stress distribution in plate with hole inclined at 30° at applied load of a 5000 N, b 10,000 N,
c 15,000 N, d 20,000 N

Fig. 5 Load versus stress concentration factor
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Recognition of Mechanical Tools Using
Artificial Neural Network

Pradeep Jain and Meenu

1 Introduction

Object recognition is considered as a vast research field with numerous applications
in a wide range of disciplines, like computer vision, robotics, military, industry,
medical, automation, and many more. Object recognition is a very complex task,
whose goal is to recognize and classify the objects into their respective categories. In
vision applications, these objects are acquired in the formof images to the system.The
problem of object recognition is effortlessly solved by humans. But, computers
find it very complicated to deal with such problems. With the increasing use of
technology, several algorithms have developed to overcome these problems. Many
achievements have been made during the last few years; the existing object classifi-
cation techniques have problems like inaccuracy, common adaptability, incapability
to recognize an object without a given model.

The difficulties of object recognition are due to the complexity and variability of
objects in the images, occlusion, deformations, and various types of noise. Human
can easily identify objects in the surroundings, regardless of their circumstances,
whether they are upside down, different of color or texture, partly occluded, etc.
Even objects that appear in many forms, like vases, or objects that are subject to
much shape deviation, such as trees, can easily be generalized for our brain to one
kind of object.

In this research work, a general purpose real-time fast and reliable object recog-
nition system is developed for recognizing mechanical tools irrespective of their
position and orientation.
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2 Literature Survey

Zhuang et al. [1] developed an efficient method for controlling the amount of image
enhancement. In addition, the final good quality enhanced image is obtained each
sub-histogram separately.

Hayfron et al. [2] developed the algorithm for performance evaluation of the
image enhancement schemes, and compared different fuzzy logic-based contrast
enhancement techniques.

Zeng et al. [3] developed algorithm by using gray level and its distance, and
this algorithm also improved the gray level difference and increased the contrast of
metals.

Rahman et al. [4] developed a image enhancement algorithm to decrease the
contrast of the image. The golden search method is used to find a suitable division
into sub-images to conserve the original brightness.

Lal et al. [5] developed an technique in which the given image quality is enhanced
by a modified sigmoid transfer function.

Kumar et al. [6] discussed the fundamental methods used in image segmentation.
Segmentation of images divided in to fully and semi-automatic approach, and the
developed algorithm used these methods. Segmentation of given image objects are
very crucial step in the image processing, as it is responsible for the success of feature
detection and object recognition.

Chaturvedi et al. [7] developed the region-based image segmentation method, and
the success of good quality segmentation depends on the seed selection method.

Wang [8] developed an modified segmentation algorithm based on 3D region
growing algorithm. This algorithm successfully used for the liver segmentation.

Fan et al. [9] developed an modified segmentation technique by combining the
edge detection approach and seeded region growing. The final output of both edge
extraction and region growing were incorporated to get the better segmented images.

Cheng et al. [10] presented an new method derived from threshold and region
merging for better image segmentation. The homogram analysis was done by consid-
ering the fuzzy entropy as a measure to obtain all major uniform regions. The homo-
gram reviewed by the incident of gray levels and the uniformity among the neigh-
boring pixels. On the basis of color similarity among these regions, region merging
was employed to obtain the segmented regions.

Kale [11] presented the methods for extraction of features using rotation invariant
Zernike moment.

Marouf1 et al. [12] proposed new efficient facial-based identical twins recognition
that is proposed according to geometric moment. The utilized geometric moment is
Zernike moment (ZM) as a feature extractor inside the facial area of identical twins
images. The developed method is evaluated on two datasets, Twins Days Festival
and Iranian Twin Society which contain scaled and rotated facial images of identical
twins in different illuminations. The results prove the ability of the proposed method
to recognize a pair of identical twins.
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Mukundan et al. [13] introduced a new set of orthogonal moments, thesemoments
not involve any approximation, as the basis functions were orthogonal in discrete
domain.

Haddadnia et al. [14] presented a feature extraction technique using the invariant
Pseudo-Zernike moments for face recognition. The lower order moments repre-
sented the information of the facial expressions, while the higher-order moments
contained information useful for the face recognition process. These moments
provided invariance to change in size, position, orientation, and reflection.

Yu et al. [15] developed a novel low-level feature method based on color texture
moments. Eight orthogonal templates or characteristic maps were derived using the
local Fourier transform.

3 Methodology

The developed object recognition and classification system is an automatic system
which can work in real-time applications. The major parts of the proposed system
are: image enhancement, image segmentation, feature extraction, and classification.

Image enhancement is an important step for object recognition, as it enhances
the quality of the input image and makes the image more accurate and clear for
recognition. In this work, a fuzzy logic-based image enhancement algorithm is
proposed.

Another major step in the process of object recognition is the segmentation of
images to obtain meaningful objects from an image and remove the undesired parts
of the image. The traditional image processing techniques of seeded region growing
are used for the image segmentation.

In feature extraction, a set of feature is extracted from the image,which completely
represents the information of the image, and thus reduces the processing of the
system. These extracted features should be able to differentiate the patterns individ-
ually and also should be invariant to any kind of distortions. After having extracted
the shapes, the descriptors are created. This is another central issue that will be
researched in this thesis. These descriptors are made specifically to be invariant
representations entailing as much important information of the shape as possible.
They are created in such a way that they can be fed into a neural network and allow
for easy categorization. In this work, rotation-invariant Zernike moments are used as
a feature in the object recognition system.

Classification refers to recognizing of objects on the basis of the features extracted
from the images. Artificial neural networks perform better for classification purpose,
as they can easily generalize among patterns and can mimic the working of the
human brain. Back propagation used in this work is the most efficient algorithm for
classification in object recognition applications.
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Fig. 1 Five categories of mechanical tools

4 Results and Discussions

In this paper, objects are classified using artificial neural network. For object classi-
fication, two steps are required (i) to train the classifier and (ii) to test the classifier
to unknown data. For classification of objects, images are acquired using industrial
camera by presenting the object at different scale, position, and orientation. Images
are then resized to 100 × 100 pixels. Quality of the image is enhanced using fuzzy
logic image enhancement algorithm. Object is segmented by region growing algo-
rithm. Zernike moments are used to extract useful features from the given image,
and objects are classified using artificial neural network.

4.1 Dataset Used for Classification

For classification of objects, five mechanical tools are taken as shown in Fig. 1. For
each tool, 40 images are captured at different scale, rotation, and translation. The data
is divided into two sets: (i) training set consists of 100 images (20 for each object)
chosen randomly and (ii) testing set consists of 100 images (20 for each object).

4.2 Conversion of RGB to GRAY Image

The captured images are resized to 100 × 100 pixels with 256 shades of black and
white, i.e., gray to reduce the computation time.

4.3 Image Enhancement

The gray scale image is improved by minimizing the noise and enhancing the
contrast of the image. For image enhancement, the proposed fuzzy-based automatic
enhancement algorithm is implemented in MATLAB.
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Table 1 Different partitions used for experimentation

Experiments 1 2 3 4

Training/validation/testing samples ratio 50:25:25 60:25:15 70:15:15 80:10:10

No. of neurons in hidden layer 5 5 5 5

4.4 Image Segmentation

For image segmentation, seeded region growing algorithm is implemented. The
enhanced image then undergoes segmentation, which separates the object from its
background.

4.5 Feature Extraction

After segmentation, the image features are extracted using the Zernikemoments. The
Zernike moments are computed from 0 to 12th order which results in 49 moment
feature vectors.

4.6 Recognition/Classification

For recognition of objects, neural pattern recognition (NPR) tool of MATLAB is
used. A two-layer feed-forward network with sigmoid activation function in hidden
layer and linear activation function in output layer is chosen. For recognition, 49
Zernike moments are taken as input and objects are classified into five classes using
five neurons in output layer. Cross-validation approach is used for classification of
objects. For this, data is divided into three sets:

1. Training set, 2. Validation set, 3. Testing set.

4.6.1 Effect of Training/Validation/Testing Sample Ratio

Table 1 shows the different cross-validation partitions of data used for experimenta-
tion. Adaptive learning is used for experimentation.

4.6.2 Summary of Results

Table 2 shows the summary of results for all the four partitions.
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Table 2 Summary of results for all the four partitions

Experiments 1 2 3 4

Training/validation/testing samples ratio 50:25:25 60:25:15 70:15:15 80:10:10

Neurons in hidden layer 5 5 5 5

Training accuracy 66 68.3 61.4 83.8

Validation accuracy 44 32 26.7 80

Test accuracy 44 60 60 70

Over all accuracy 55 58 56 82

Gradient 0.19 0.0275 0.026 0.10062

No. of epoch 134 124 123 171

Learning rate 1.8 4.241 4.039 5.70

Cross-entropy performance 0.80 0.82 0.83 0.69

4.6.3 Effect of Hidden Nodes

80:10:10 partitions show the best performance for training, validation, and test data
set. So for further analysis, 80:10:10 partitioning of data set is used. Hidden nodes
are varied from 5 to 30 in step of 5.

This research work refers to the recognition/classification of objects from the
images. In this work, an automatic image contrast enhancement algorithm is
proposed. The technique is based on employing an automatic selection of the suitable
value of exponential fuzzifier to enhance the images. The presented algorithm can
be used over a wide variety of images with good quality results without user inter-
vention. In addition, the results of the proposed image enhancement method provide
more consistency in data distribution with smooth images than other classical image
enhancement techniques.

The proposed segmentation algorithmprovides a novelmethod for image segmen-
tation. Thismethod can be applied to any number of images, as the calculation of seed
points is reliant only on the image information. The algorithm continues carried out
segmentation process until all the pixels of the image are not labeled. This prevents
under-segmentation.

The proposed feature extraction algorithm using Zernike moments provides the
flexibility to neural network for testingwith different number of features, which gives
the more accurate results as compared to other moment features.

The proposed object recognition algorithm was successfully implemented and
tested for various images subject to several transformations, like scaling, transla-
tion, and rotation. The developed object recognition system has the capability to
produce good results, andwork efficiently in identification and recognition of objects,
irrespective of translation, scaling, and rotation, in real time.

The dataset with different partitions for training, validation, and testing is used.
80:10:10 dataset with ten hidden nodes performance is better than other partitions
at the same number of hidden nodes. This is due to the fact that with less number of
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Table 3 Summary of results with different hidden nodes

Experiments 1 2 3 4 5 6

Training/validation/testing
samples ratio

80:10:10 80:10:10 80:10:10 80:10:10 80:10:10 80:10:10

Neurons in hidden layer 5 10 15 20 25 30

Training accuracy 83.8 96.3 88.8 87.5 82.5 33.8

Validation accuracy 80 90.0 90 90 30 0.0

Test accuracy 70 80 100 70 60 20.0

Overall accuracy 82 94 90 86 75 29

Gradient 0.1006 0.123 0.109 0.133 0.275 0.105

No. of epoch 171 0.176 162 162 119 53

Learning rate 5.70 3.99 3.17 2.016 1.27 0.1325

Cross-entropy
performance

0.69 0.60 0.59 0.63 0.83 0.91

samples in training in other partitions, network is not able to learn the characteris-
tics of data. When the dataset for training is increased from 50 to 80, performance
increases. Further, it is found that with increase in hidden nodes from 5 to 10, overall
accuracy is increased from 82 to 94%, but with further increase in hidden nodes, there
is decrease in test accuracy because with the less number of hidden nodes, network
is not able to learn the characteristics of data, but with a large number of hidden
nodes its started over-fitting, so accuracy decreased. There are an optimum number
of hidden nodes at which accuracy is maximum. Ten numbers of hidden nodes gave
better accuracy. So, 80:10:10 partitions with ten numbers of hidden nodes is selected
for testing of data. Table 3 shows the summary of results.

Result Summary: Overall accuracy increased from 82 to 94% when number of
hidden nodes is increased from 5 to 10, with further increase in number of hidden
nodes, overall accuracy decreased because when the number of hidden nodes were
less, than network could not learn the characteristics of network, but with increase
in number of hidden nodes, it starts crumbling, and it could not generalize on new
data. So, ten hidden nodes were optimum for our data that gave 94% accuracy, and
optimum learning rate was 3.99.

5 Conclusion

The proposed object recognition algorithmwas successfully implemented and tested
for various images subject to several transformations, like scaling, translation, and
rotation. The developed object recognition system has the capability to produce good
results, and work efficiently in identification and recognition of objects, irrespective
of translation, scaling, and rotation, in real time. The dataset with different partitions
for training, validation, and testing is used. 80:10:10 dataset with ten hidden nodes
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performance is better than other partitions at the same number of hidden nodes.
This is due to the fact that with less number of samples in training in other partitions,
network is not able to learn the characteristics of data.When the dataset for training is
increased from 50 to 80, performance increases. Further, it is found that with increase
in hidden nodes from 5 to 10, overall accuracy is increased from 82 to 94%, but with
further increase in hidden nodes there is decrease in test accuracy because with the
less number of hidden nodes, network is not able to learn the characteristics of data,
butwith a large number of hidden nodes its started over-fitting, so accuracy decreased.
There is an optimum number of hidden nodes at which accuracy is maximum. Ten
numbers of hidden nodes gave better accuracy. So, 80:10:10 partitions with ten
numbers of hidden nodes is selected for testing of data.
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Design and Development of Automated
Manipulator in TIG Welding

Pushp Kumar Baghel

1 Introduction

In comparison to other well-versed nations, we are still in the developing stage
of modernization of equipment’s and machineries. Instead of manufacturing and
make use of automated machines, we are quite conventional in producing the welds.
Whereas, well-versed nations are more concentrated to bring automatic technology
in every area of manufacturing. This has not only helped them in reducing the vari-
ation in quality production of welds but also reduces wastage and manufacturing
time which leads to more economical welds. Despite of all the intricacies and defi-
ciencies in old methods of developing welds, small-scale industries rely heavily on
conventional machines or specially designed machines for particular work. Most of
the work in producing the weldment is accomplished by application of manual arc
welding machines. Use of non-automatic welding process machines instead of the
using automatic machine is normal practice in small-scale industry as automation
is unaffordable due to large cost of setup, power required for running, repair and
replacement, etc. To compete at global level and in order to reap more benefits in
terms of cost in export of manufacturing items, we need to increase the robotization
and automization of conventional machineries [1].

The state of affair is somehow totally on different page in significant and large
manufacturing industries. They typically purchase the special purpose machine for
TIG welding that is dear and not economical. However, within the long-standing
time, it might once more turnout to be costly affair due to periodic breakdown and
servicing of any of the tool component.

This generates the necessity for a newly created, design and develop automatic
setup for TIG welding to produce the welds of thickness of 1–3 mm. So automatic
manipulator is developed which prevents close proximity of welder to dangerous
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fumes and arc of high intensity and brightness [2], conjointly make the weld manu-
facturing economical and speedy process, so has edge as compared to present manual
welding process.

Srinivasa and Gurudutta [3] developed automated TIG welding for cylindrical
parts in which cylindrical job is rotated and torch is held stationary. Takalkar and
Kakarparthy [4] indigenously designed special purpose machine integrated with TIG
welding to manufacture bowl feeder; here, again torch is held stationary and work-
piece is rotated. Al-min Li [5] used PLC control to increase the efficiency for circular
weld. Haque [6] developed the manipulator which can move in linear and vertical
motion within the specified velocity. The motion control of the manipulator is estab-
lished by controlling the motors using the H-bridge circuit through parallel port of
the computer. Patel [7] discussed the application of parallel manipulators in industry.
He observed that parallel mechanisms like Stewart platform, Hexaglides, hexa-pods
and delta robots more suitable for high speed operation. Richard [8] developed the
six-axis manipulator which is suitable for digital programmed control movement to
achieve universal work processing. Apart from this, various TIG welding variants
have been developed like which has achieved significant advancements in this field
of automation.

In conventional TIG fabrication process, the manufacturing time is more due to
the inconsistency and non-synchronization of various linear motions in the machine
links of setup. The pin point accuracy and standard of welding get adversely
affected. The new mechanism designed and fabricated introduced in this chapter
solves this problem. The motion in mechanism used is more uniform which helps in
avoiding various defects typically include pits and bulges which are formed due to
an-uniformity within the axis movement in mechanism of weld design equipment.

2 TIG Welding

Tungsten inert gas (TIG) welding is additionally known as gas tungsten arc welding
(GTAW). It is a fusion fabrication process that uses a non-utilizable tungsten electrode
with inert atmosphere provided by shielding gas to fabricate the weld.[9, 10]. It can
be autogeneous, homogeneous and heterogeneous. Some welds are autogeneous
welds, i.e., they can be welded without filler. Thickness of 1–3 mm can be welded
without filler. Homogeneous welds are often takes place where the thickness of metal
is greater than 5 mm and when welding dissimilar welds heterogeneous welding
takes place. Conventional GTAW is usually considered highly difficult of all the
fabrication process commonly utilized in manufacturing industry today. Because the
fabricator must keep a minimum arc length, high keeping and maneuvering skill are
essentially desired to limit contact between the tool and the workpiece. The method
permits the fabricator more control over the weldment than any other competitor arc
welding processes letting stronger, higher standard welds. GTAW continued with its
apex position in complicability and difficulty in mastering as it needs bigger welder
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decisiveness than MIG and other processes, and moreover, it is considerably more
gradual than most alternative fabrication technique.

3 Automation in Pulse TIG Welding Machines

The TIG fabrication process is performed for joining mainly aluminum and magne-
sium alloys. Subsequently, its use spread to almost all metals. The main metal nowa-
days used in industrial application is aluminum. Generally, material having higher
thickness than 5 mm requires the automated welding equipment [11]. Earlier this
task was done with conventional machinery. The certain reasons why we require
automation are discussed as follows,

• Negative and poor effect on body of fabricator due to close proximity to dangerous
poisonous fumes generated in fabrication process.

• Zig-zag motion of the weld because of agitation in hand while torch is in motion.
• Protection of the fabricator.
• The obtainable SPM within the merchandise is extremely expensive, miniature

scale industries unable to bear cost of this SPM.

3.1 Automatic Manipulator Movement

In this specially designed mechanism using various links, components used in
manipulator:

1. Lead screw.
2. Stepper motor which transmits the rotary motion through crown wheel or pulley

belt to lead screw:

Specifications of stepper motor.

• Size: 42.3 mm square × 48 mm, not including the shaft (NEMA 17), weight:
350 g (13 oz), shaft diameter: 5 mm “D”, steps per revolution: 200, current rating:
1.2 A per coil, voltage rating: 4 V, resistance: 3.3 � per coil, holding torque:
3.2 kg cm (44 oz-in.), inductance: 2.8 mH per coil, lead length: 30 in., output
shaft supported by two ball bearings, bipolar

• Belt
• Pulley
• Fixture for clamping workpiece
• Supporting rods
• Mounting Table.

Components used for controlling stepper motor:

• Step-down transformer (1 A 12 V)
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Fig. 1 Principle of working and control system for single axis-driven mechanism

• PLC which consist of micro-controller (AT 89,852)
• Motion controller (DRV877)
• Motor driver (1.1).

In this setup, the motion of fixture on which the workpiece is kept is given by lead
screw attached and the welding torch is held at rest. The pulley belt is used to transfer
the rotatory motion of stepper motor to the lead screw shaft on which the workpiece
fixture is connected. The speed of stepper motor is controlled by sending the input
signals in the form of pulses. First, the AC 220 V 50 Hz power supply is provided to
the programmable logic control which sends motion data signal to pulse generator
for regulating the movement. Then pulse creator pushes the binary pulse signal into
motor speed controller which transforms the binary pulse signal into current signal
and sends it to input positive terminal of the motor. Movement of fixture is provided
by the single axis-driven mechanism as shown in Fig. 1. The design of single axis-
drivenmechanism consists of pulley belt, lead screw and connecting rods. The design
of both components is vital for uniform movement of manipulator as follows.

Design of Component:

(i) Design of pulley

Size of larger pulley = 8 in.

Size of smaller pulley = 2 in. [9]

D1

D2
= N2

N1
(1)

2

D2
= 300

1200
, or D2 = 8 in.

(ii) Design of belt
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Centre distance = 3× Diameter of larger pulley

= 3× 8

= 24 in. (2)

Length of belt, L = 2C
π(D2 + D1)

2
+ (D2 − D1)

2/4C

L = 64 in.
(3)

(iii) Design of lead screw

Length of lead screw: 30 in., Length of threaded portion in lead screw: 24 in.
Power, P = 150 W

T = P

ω
= P × 60

2πN
= 150× 60

2π × 1200
= 1.19N m (4)

T = 1/16 × τ × d3 where τ = 42 Mpa (given)

d = 7.681 mm
(5)

• By considering bending moment

When torch is at center position then,

M = WL

4
= 2× 9.81× 600

4
= 2943Nm (6)

• Considering twisting moment

Te =
√
M2 + T 2 or Te = 3174.4 Nmm (7)

Te = 1

16
× τ × d3 or d = 10.65 mm

• Selection of stepper motor

T = 3.17 N m

Stepper motor with 5 N m is selected

FOS = 5/3.17 = 1.57
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Required factor of safety is 1.57.

4 Conclusion

Automation in TIG fabrication process is utilized to fabricate not only similar welds
but also dissimilar metals. An automated manipulator in TIG welding setup is
designed and developed whose development cost is three times less in contrast to
automation accessible in merchandise. This makes automation cheaper which leads
to economical fabrication of welds.
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Design and Optimization of Suspension
Geometry

Mrinal Deep, Pranav Upadhyay, and Pikesh Bansal

1 Introduction

The objective of designing the suspension system at the front is to maintain the
traction with the road at different driving conditions and at the same time optimize
the ride comfort of the vehicle so as to maintain the driving conditions for the driver
when the vehicle encounters various bumps and droops while running. To achieve
the above targets, we need to control the camber and toe variation while the vehicle is
in running condition and this is done by designing the geometry on LOTUS software
while considering all the dimensional restrictions of the vehicle so as to confirm
that vehicle has the appropriate dimension as decided for the vehicle. To design the
geometry, we followed the procedure showed in the chapter.

2 Literature Review

Cherian et al. [1] have worked on nonlinear model of a double wishbone suspension
and found a procedure in which we can find the effect on transmission, tire distribu-
tion forces acting onwheel spindle and chassis by variation in suspension parameters.
The equations of motion are derived with the help of Lagrange multiplier method
and solved numerically usingMATLAB. Lamers [2] has worked on suspension kine-
matics by using numerical optimization techniques. Suspension kinematic objectives
have to be examined as close as possible by relocating the suspension coordinates.
The most important improvements of the suspension kinematics are harmonization
of camber dependent kinematics which result in the optimal camber angles of the
tires during driving. The suspension is designed to have a steady ride height during
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cornering which causes the suspension to work in the intended region. Esfahani
et al. [3] explained the effect of camber angle on, rubber abrasion, acceleration and
braking. A suspension mechanism is acquainted with adjustable camber angle in the
vehicle. Popovic et al. [4] have applied the system engineering methods and system
approach in the initial phase of vehicle active suspension development. A study has
been done to find the interrelation between computer-aided simulation and other
elements of the development process. Application of active suspension simulation
has many benefits: Mechatronic components/devices have new and improved func-
tions and increase the system reliability. Yarmohamadi and Berbyuk [5] investigated
on both dynamic and kinematic properties of the vehicle with the help of simula-
tions and analytical expressions. Result of their study was an evaluation between
the trucks with rigid front axle and IFS with respect to handling and comfort. Anal-
ysis was done by seeing the responses of the vehicles on different steering inputs.
Dhamodharan et al. [6] have presented an optimal dimensional synthesis of a five-
link suspension mechanism in terms of length of the five links and positions of the
ten spherical joints, which are installed on the vehicle chassis and wheel carrier. The
influence of the complaint joints on the dynamic behavior of the suspension system
is approached. MATLAB optimization tool box is used for this optimization. The
aimwas to take the motion of the body to the wheel carrier with respect to the vehicle
chassis as close as possible to a vertical translation. Liu et al. [7] have researched on
the relation of the hardpoints of the suspension. The correlation of the hardpoints is
used to analyze and design optimal suspension. Vehicle design was referred from the
hard points of the rotational design. Shijil et al. [8] have done a study on dynamics of
the vehicle when driven on an off-road racetrack conditions is analyzed on dynamic
and static suspension system of an ATV. The performance of the ATV is affected by
many parameters. The chapter work focuses on design and analysis, determination,
optimization of suspension systems and their assembly best performance. The aim
is to identify and optimize the parameters which affects the dynamic performance of
suspension systems.

3 Procedure

• Finalize the type of suspension to be used.
• Finalize track width and wheelbase of the vehicle.
• Calculation of load transfer.
• Design the geometry on LOTUS software.

3.1 Type of Suspension

The type of suspension to be used at the front is double wishbone damper to lower
suspension system. The reason for choosing the same is that it gives better camber
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control in case of bump and droop. Using damper to lower suspension system at front
of the vehicle helps in absorbing more load at the front tire which results in better
ride frequency of the vehicle.

3.2 Trackwidth and Wheelbase

Now, the trackwidth and wheelbase of the vehicle is decided by keeping in consider-
ation all the needs of different department as well. Steering and suspension has the
major role in deciding the trackwidth and wheelbase of the vehicle.

We decided.

TRACKWIDTH: 52.3 in.

WHEELBASE: 62 in.
This trackwidth and wheelbase was chosen by using different iterations where we

get the maximum turning angle and the Ackerman angle was according to our need.
The main basis was to maintain the trackwidth to wheelbase ratio below 85%.

3.3 Load Transfer Calculations

The vehicle is a single seater tadpole configuration vehicle, which runs on electric
as well as solar drive, and forces are calculated while calculated while considering
the same.

To find the stiffness of shocker, we calculated the weight transferred during
different driving condition, like braking, acceleration and turning, etc. The formulae
used are the equations of weight transfer from the book Race Car Vehicle Dynamics
by Millikan [9].

Formula: F = (weight× cg × acceleration)÷ wheelbase.

• Weight transfer during acceleration = 14.79 kg toward rear
• Weight transfer during deacceleration = 178 kg toward front
• Weight transfer during turning = 26 kg at the side.

According to the weight transfer in the body stiffness of the shocker is calculated
by the equation of stiffness, i.e., F = Kx, the deflection at various condition is
assumed, i.e., at acceleration, deacceleration and turning and then the stiffness is
calculated.

The stiffness calculated for the shocker was 20 N\mm.
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3.4 Lotus Geometry

We are designing a double wishbone damper to lower suspension system for tadpole
configuration three-wheeler vehicle at the front of the vehicle.

Equal and Parallel A-arms:
There are various other factors which are taken into consideration while entering

the data for geometry of the suspension.

• The type of suspension was selected as double wishbone suspension system
damper to lower arm with unequal and non-parallel A-arms on the frontal axis.

• Here, we are not using equal and parallel A-arms because it was providing negli-
gible amount of camber gain at dynamic conditions which resulted in lesser area
of contact patch on road.

• In Fig. 1, a geometry is drawn with equal and parallel combination and analysis
also is given in Figs. 1 and 2.

• Here, Figure 3 shows wireframe of the simulation of roll over in LOTUSwith Full
+Half+ Static Screen Display, which explains max condition with roll angle 2°.

Geometry of suspension. The finalized geometry of suspension thatwe are installing
in our vehicle is given in Fig. 4; this geometry of suspension is of unequal and
unparallel A-arms with damper to lower wishbone.

Analysis of geometry (finalized). There are various factors which are taken in
consideration while designing:

• The roll center of the car must be below the center of gravity of the car during
different driving conditions.

Fig. 1 Suspension geometry for equal and parallel A-arm
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Fig. 2 Degree versus displacement for bump and droop for equal and parallel A-arm configuration
(Camber Graph)

Fig. 3 Equal and parallel A-arm (full + half + static screen display) (Roll angle 2°)

• The camber must be controlled and there must be as less camber gain as possible
because we are using radial tire; here, the geometry designed is with zero camber
at static condition and the camber graph for dynamic condition due to bump and
droops while driving is explained in Fig. 5.

• The maximum camber gain is 5.8° at 60 mm (Fig. 5) droop; therefore, the motion
of the A-arms is such that the roll center is below the center of gravity.

• Appropriate size and width of tire was inserted according to the tire chosen.
• Value of bumps and droops is input according to the dynamic condition.
• Figure 6 showswireframe of tires contact patch with roll angle 5° which has lesser

contact patch than before at max roll condition.
• Figure 7 shows wireframe of tires contact patch with roll angle 10° which brings

lesser contact patch than at 5° at max roll condition.
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Fig. 4 Suspension geometry for unequal and unparalleled A-arm (Finalized)

Fig. 5 Degree versus displacement for bump and droop for unequal and unparallel A-arm
configuration (Camber Graph)

Hence, we try to prevent using equal and parallel geometry of A-arms.

Castor and Toe Optimization.

• Castor is given for generating self-centering force on steering wheel whenever
steering wheel is turned.

• Generally, castor angle ranges from 0° to 5°–6° for the four-wheel automobiles
specially which have manual steering.

• When we give castor angle more than 7° then generally, we use power steering
because by increasing castor steering effort increases.

• So, for vehicle without power steering may chose castor near 3–4.
• The toe for the given geometry can be adjusted by adjusting the height of the rack.
• The toe optimization graph is shown in Fig. 8.
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Fig. 6 Unequal and unparalleled A-arm (contact patch) (roll angle 5°)

Fig. 7 Unequal and unparalleled A-arm (contact patch) (roll angle 10°)

Fig. 8 Degree versus displacement for bump and droop for unequal and unparalleled (TOE)
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• The basic criteria to optimize the castor and toe in the wheel are by adjusting the
steering arm and the ball joint position. We opted for zero-degree camber as well
as toe while considering all the variations that will be caused by the variation in
the camber and toe angles.

4 Conclusion

The geometry was made with different trackwidth and wheelbase of the vehicle and
themost optimized and feasible value of trackwidth andwheelbase is selected as 52.3
in. and 62 in., respectively. Calculations were performed according to the dimension
of the vehicle and the assumed vehicle running condition. The stiffness of shocker
is calculated as 20 N/mm. After that the geometry was designed considering all the
factors, it gave the optimized camber variation at various bumps and droop which
the vehicle will encounter when it is in the running state. Parallel geometry gives
zero camber variation according to the parallelogram law which is not good for our
vehicle at the time of turning. The contact area will change as zero camber gain
vehicle will lose traction. The optimized suspension geometry design is made for the
vehicle stability.
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Perspective on Effect of Metallic Fillers
on Electrical Conductivity of FRP
Composites

Aditya Pratap Singh, Avinash Yadav, Srashti Mishra,
Kunwar Laiq Ahmad Khan, and Anurag Gupta

1 Introduction

Over the past few years, FRPs have emerged as the principal material for various
industries such as aeronautics, electronics, structure, communication, etc. This has
led to the exploration of various properties of FRP in context with its mechanical,
thermal and electrical performances. The area of mechanical and thermal properties
has been well explored, and there are numerous applications in this era based on
the results and discussion of various experiments performed in the field. Though
the domain of their electrical properties is being studied, it has not reached its full
potential andmuchmore is yet to be done. Various applications are using the inherent
electrical insulation of most of the FRPs, but less work has been done to improve
the conductivity to be able to use them more vividly. Industries like aeronautics and
automobiles require their structures to be strong aswell as a good electrical conductor
to deal with situations like a lightning strike, electromagnetic interference, etc., and
this has led to the need of improvement in electrical conductivity of the FRPs along
with a minor change in their strength. The excessive weight addition by metals to
fulfill this requirement plays an important role in the dependence on FRPs. Properties
for various reinforcement materials are mentioned in Table 1.

As inferred from the above table, the tensile strengths of carbon and glass fibers are
almost similar, i.e., in the rangeof 2200–5600MPaand3400–4800MPa, respectively.
However, aramid and other fibers show a lower strength compared to these. Modulus
of elasticity shows a larger deviation for different reinforcement materials. Modulus
of elasticity to density ratio (or specific modulus) is an essential factor of material
selection for stiffness-driven structures such as wings of an airplane. For structural
weight to beminimumalongwith high stiffness, the high specificmodulus is required.
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Table 1 Comparison of properties of various materials [1]

Material Tensile strength
(MPa)

Modulus of
elasticity
(GPa)

Density (kg/m3) Modulus of
elasticity-to-density
ratio (Mm2/s2)

Carbon 2200–5600 240–830 1800–2200 130–380

Aramid 2400–3600 130–160 1400–1500 90–110

Glass 3400–4800 70–90 2200–2500 31–33

Epoxy 60 2.5 1100–1400 1.8–2.3

Carbon
fiber-reinforced
polymer (CFRP)

1500–3700 160–540 1400–1700 110–320

Steel 280–1900 190–210 7900 24–27

In a study performed by Ha et al. [2], used aluminum mesh in FRP composite,
to be used in B787 aircraft, has electrical conductivity 73,000 S/m (Siemens/meter),
whereas for maiden FRP composites could reach up to 15,000 S/m. When silver
nanoparticles were used as filler material it achieved up to 26,000 and 28,000 S/m at
5% colloid for spray time of 3 and 5 s respectively while 56,000 and 63,000 S/m at
10% colloid for spray time of 3 and 5 s, respectively, which reached about 86% of
the aluminum-filled composites along with reduced weight. These results are shown
in Fig. 1.

Electrical conductivities of commonly used metals are within the range of 106

S/m which is still much greater than that of FRPs [3].

Fig. 1 Comparison of
conductivity from B787
aircraft spaceman and the
hybrid CFRP by conductive
nanoparticle colloid coating
[2]
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2 Basic Process of FRP Fabrication

The initialization of the process begins with the selection of appropriate matrix
material, reinforcement, additives and choosing the technique as per the application.
The matrix material is liquefied and molded in required shape with reinforcement
being done either by hand, spray or with any other technique. The impregnated resin
is then left to dry or is oven-dried. The extraction of a semi-finished product is done,
and then, the final finishing is done by various machining methods. Every FRP goes
through this process with some little changes in the environment or addition of one
or more processes which depends on the future use of that fabricated FRP [4].

3 Fillers in FRP

Fillers are the substances that are used in composites to improve their inherent proper-
ties along with the lesser effect on the cost which may affect some other properties.
They also are used to reduce shrinkage, control viscosity, and improve part stiff-
ness. Commonly used fillers include kaolin, calcium carbonate, silica, feldspar, talc
and glass microspheres. Fillers are not as common in high-performance compos-
ites because they may adversely affect the fiber-resin load transfer and decrease the
toughness of the resin at high filler content. Some of the previously used metallic
fillers are copper, zinc, silver, tin, etc. [4].

4 Effect of Fillers on Characteristics of FRP

An investigation conducted by Ha et al. [2] to improve the electrical conductivity of
composites was done with the assistance of conductive fillers for the better perfor-
mance of FRP in the aircraft lightning protection. Silver nanoparticles were used as
fillers for this purpose. A colloid of silver nanoparticles was sprayed on the carbon
fibers, which were then to be impregnated in the epoxy resins. The experiment was
conducted for various amounts of the colloid, and the spray time was also varied to
examine the effect of the period for which colloid is sprayed. The electrical resistance
was first measured with the contact-type resistance meter which used the principle
of AC 4-terminal method. The resistance was then converted into resistivity, and
then, resistivity was finally converted to electrical conductivity. Scanning electron
microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS) verification of
the silver nanoparticles was also done. The results showed that electrical conductivity
was increased as much as to four times the ordinary CFRP [2].

Another experiment was carried out onCFRP by Zhu et al. [5] for their application
as the anode material in the impressed current cathode protection (ICCP) for the
protection of the steel-reinforced concrete structure. This was done to find out the
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performance and service life of CFRP under various configurations when used as
an anode in the ICCP system. The current densities applied are maintained to be
constant for the idealization of conditions. The results of the experiment showed
that there was no significant degradation in the electrical and mechanical properties
of CFRP when subjected to anodic polarization with various current densities. The
recordings were helpful to judge the property change of CFRP, and the performance
was determined based on the study of the practical reinforced concrete structure
layout [5].

FRPs are also used for reinforcement in concrete structures for their strengthening
purpose. This is done for obtaining various features in the concrete structures such as
seismic retrofitting, additional live or dead load.This reinforcement is donebyvarious
methods such as steel jacketing, externally bonded steel plates, external retrofitting,
concrete jacketing and post-tensioning. The technique is selected based on interfer-
ence material or vice versa. According to JSCE, 1999 [6], the steps followed are the
identification of requirements, an inspection of an existing structure and its evaluation
of performance, design of retrofitting structure, selection of material and technique,
evaluation of the retrofitted structure and implementation of the technique [1].

Srinivas et al. [7] performed a study on the electrical conductivity of room temper-
ature (RT)-cured epoxy resin (LY556+HY951) containing three different particulate
fillers. The particles taken for the study were classified as soft material graphite, a
hard material silicon carbide (SiC), and a hybrid of both of them. The weight frac-
tions of the fillers in the specimen were also varied from 10 to 40% in the steps of
10% for all to study the impact of the weight of the filler on the electrical conduc-
tivity. It was observed that the change in electrical conductivity of the epoxy resin
was directly proportional to the weight fraction of the filler. Another observation
was that the resins with 40% filler fraction showed a significant change in electrical
conductivity especially the one with 40% hybrid fillers (20% graphite, 20% SiC, and
60% epoxy resin) had electrical conductivity about 2.5 times the original epoxy. The
results of experiment were verified with theMaxwell–Wagnor andWiedeman–Franz
law which relates the thermal and electrical conductivity. The experimental results
showed a good correlation with analytical equations [7].

According to Tarafder and Swain [8], the stress vs strain curve for the carbon fiber
is much more linear than any other fiber including various types of steel as shown
in Fig. 2. This results in the higher strength of CFRP and thus gives it priority over
others in the group for more use in the strengthening purpose. Tarafder and Swain
also suggested different types of reinforcement fibers, according to the purpose they
are required for, by a case study on the durability of FRP.

Another study by Caradonna et al. [9] to study thermal and electrical conduc-
tivity of composites with carbon-based fillers which makes the use of graphene-like
nanoplatelets and graphite fillers has been done. The epoxy resin and the fillers were
first cast into a mold and then cured to obtain the experimental specimens. Multiwall
carbon nanotubes were also used as fillers along with nanoplatelets and graphite.
Electrical and thermal conductivity was investigated for various filler composition
and weight fractions. The study was accompanied by the percolation theory, and it
was inferred that the percolation paths enhance the electrical conductivity but were
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Fig. 2 Schematic diagram
of stress vs strain with
respect to behaviour of
reinforcing fibers in
comparison with steel [8]

not so helpful for the increment of the thermal conductivity. Also, the results of
single filler composites were compared to the hybrid fillers composites which were
occupied with the combination of any two fillers out of the three. Results showed
that fillers having different aspect ratios were observed to have a synergetic effect in
relation to electrical conductivity showing noticeable improvement in it but showed
a smaller effect if compared in case of thermal conductivity [9].

Wang et al. [10] performed an experiment to study the mechanical properties of
FRP reinforcement bars when used as internal reinforcement in concrete structures.
The experiment was conducted at different temperatures up to the failure of FRP
bars. FRP bars of different geometry were procured from an external source, and
then specimens were prepared. It is observed in the experiment that stress–strain
relationship of FRP bars remained linear to the range of 300–400 °C. After this
temperature, there was a sharp drop in the elastic modulus up to the point of failure
at 500 °C [10].

A study conducted by Tsangaris and Kazilas of National Technical University
of Athens [11] used the metallic fillers that resulted in the increment of electrical
conductivity with their concentration. These materials were complex and considered
to be a chaotic mixture of conductive particles which are randomly distributed in an
insulating matrix. The conductivity of the materials in DC electrical field is studied
with the assistance of percolation theory where there is a rapid increase in the elec-
trical conductivity of the material at a particular concentration of conductive phase,
referred as the critical phase. In this experiment, the various specimens with multiple
conductive fillers were used. The fillers used were powders of copper, aluminium,
or zinc. The temperature range at which study conducted was also varying from
20° to 140 °C. The results obtained from this experiment were also analyzed using
percolation theory, and semi-empirical algorithm was used for the determination of
some new parameters [11].
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5 Conclusion

The literature reviewed by the authors in the present paper shows that by using various
fillers, the conductivity of FRP composites can be increased without degrading
its mechanical and thermal properties significantly. Metallic and non-metallic both
type of filler materials can be used to improve the conductivity of FRP composite.
The metallic fillers increase the conductivity four times, while non-metallic fillers
increase conductivity 2.5 times. Effect of metallic fillers such as silver nanoparticles
and powdered zinc, copper and aluminum have already been studied for different
concentrations and at different temperature conditions. It was also concluded from
the literature that the viscosity of the resin rapidly increases due to the addition of
metallic filler to increase conductivity. We can infer that the electrical conductivity
of FRP composites may further increase by introducing some other metallic fillers
at the various concentration in different forms. Some other aspects such as variation
in electrical conductivity with temperature should also be studied. The systematic
alteration of electrical conductivity of FRP composites can widen the scope for the
usage of FRP in applications of aeronautics where fly-bywire systems are used, auto-
mobiles, communication to prevent the noise due to electromagnetic interference,
etc.
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PID Design-Utilized Controller for DC
Engines Employed in Wheeled Movable
Golem

Shahida Khatoon, Huma Khan, and Prerna Gaur

1 Introduction

The unmanned ground vehicle may be a conveyor that works with the skin of earth
and without the closeness of a person. UGVs may be used for a few applications
wherever it would be woefully designed, perilous, or arduous to own somebody’s
administrator gift. Wheeled many-sided robots may be used in sundry applications
like operating in industrial facility, terminal or emergency clinic condition. At the
purpose, once condition is totally kenned, free ways that square measure engendered
through street map or cell decay.

A run of the mill development of the two wheel engine gets together with haggle
in wheeled movable golem appeared in Fig. 1. It consists of three parts: motor, drive
assembly, and controller. The engine and drive assembly comprised of an engine
associated with wheel, encoder, and driver. The driver is the drive circuit for driving
the motor based on the signal given by the controller. During this orchestration, robot
kineticism is the result of the adjustment of close observation.

2 Literature Survey

Wheeled portable golems are regularly utilized for support of round channels that
may normally be spoken to as a barrel-shaped workspace. Functioning of pipes,
dynamic models of wheeled movable golems are not the same as those applying on
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Fig. 1 Two-wheel motor and controller assembly in wheeled movable golem

a plane and consequently present critical difficulties regarding kinematic examina-
tion and movement control. In view of these examinations, dynamic properties of
wheeledmovable golem in round and hollowworkspaces are talked about with screw
hypothesis. Analyses utilizing a vehicle like portable golem rotating in conduits are
completed to demonstrate the attainability of the proposed calculation in [1].

The execution of two controllers is accomplished for the main connection of
the two-wheeled portable golem for the presentation examination between regular
controller and clever controller by using PID controller in [2, 12–14].

Another following controller used in portable wheeled golem dependent upon
back venturing way is planned. Lyapunov work technique is built up for checking
the controller. A divider behind control calculation for the portable wheeled golem is
created utilizing the Lyapunov strategy. The direction mistake between the direction
of the portable golem and the divider is clarified by state factors in [3–7].

A control plot for certain issues on following an impediment shirking for
the wheeled portable golem with non-holonomic requirement is clarified. An all-
encompassing state eyewitness is exhibited to assess the speeddata andobscure unset-
tling influences of the wheeled portable golem. To achieve most extreme following
objective and snag shirking in complex situations, one indirect controller has been
planned in [8, 11].

Such kind of a controller set down, without precedent for composed task, the
elements associated three subsystems which establish a wheeled versatile golem in
[9, 10].

3 Mathematical Modeling

ADC engine can be designed through speaking to its equivalent circuit in MATLAB
simulation.
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Fig. 2 Simulink model of DC motor in MATLAB

Gv(s) = w(s)

V (s)
= K

{[
(R + Ls)(Js + b) + K 2

]}

The simulation of dynamic model for the DC engine is appeared underneath
(Fig. 2).

The drive reaction of the engine is appeared in Fig. 3, and bode plots of the point
and speed of the engine are appeared in Fig. 4 by utilizing the general exchange
capacity of DC engine as far as edge and speed.

4 Controller Design

The control yield, u(t), is acquired by accompanying condition,

u(t) = kpe(t) + Ki

T∫
0
e(τ )dτ + Kd

de(t)

dt

C(s) = U (s)

E(s)
= kp + Ki

s
+ Kds

C(s) = kds2 + Kps + Ki

s
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Fig. 3 The impulse response of DC motor

5 Results

See Figs. 5, 6, 7 and 8.

6 Conclusion

The distinguished drive golem essentially comprised of wheels driven through
motors. On the basis of variations of speed of themotors controlled by PID controller,
the golem will push ahead. The golem can flip within other way to the facet wheel
pivoting gradually. In this way, the speed of DCmotor employed in wheeledmovable
golem has been controlled. Simulink model of DC engine inferred and reproduced,
and the PID is intended for improving its performance.A distinguished drivewheeled
golem application has been presented with simulated model in Simulink.
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Fig. 4 Angle and velocity bode plot of DC engine
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Fig. 5 Motor controlled by PID controller in Simulink

Fig. 6 Motor speed response controller by PID controller
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Fig. 7 PID controller applied on both the motors of the movable golem in Simulink

Fig. 8 Speed response of both the motors of the movable golem in Simulink
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Multiperformance Optimization
of Parameters in Deep Drilling of SS-321
by Taguchi-Based GRA

Mukesh Kumar, Gaurav Kumar, Om Prakash Singh, and Ankit Tomer

1 Introduction

The improved surface quality, i.e. decreased surface roughness, is the matter of
concern for industries. With the improvement of equipments, machining process
technology has progressed to generate high surface quality with decreased surface
roughness, precise dimensions, high MRR as main features and to reduce cost of
machining, it is also required to increase the MRR [1–4].

Deep drilling is mainly used machining method in automobile, surgical equip-
ments, power plant and aircrafts industries, etc. SS-321 is often used inmanufacturing
for various equipments, and its machining is very complex. Earlier, an experimental
study conducted by Sun and Guo [5] on Ti–6Al–4V for many milling conditions
to completely characterize the surface integrity and found that the surface quality
depends on cutting speed and feed. Singh et al. [6] investigated the effects of turning
parameters on tool wear and surface roughness in eco-friendly turning of SS-304.
Tosun [7] conducted an experiment and find optimized drilling parameter for surface
roughness and burr height using Taguchi-based GRA. Shivapragash et al. [8] find
optimized parameters of radial drilling using GRA for MRR and surface roughness
as performance parameters.

The literature review reveals that the machining of stainless steels like SS-321 is
complex due to excessive tool wear, high surface roughness and low MRR. Deep-
drilling machining parameters such as cutting fluid, depth of hole, speed and feed
have crucial effect on performance variables. So, the experiment was design to opti-
mize deep-drilling parameters for multiperformance that is roughness and MRR in
machining of SS-321 using optimization tools such as Taguchi-based GRA.
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Table 1 Experimental design values of deep-drilling process parameters

Symbols Process parameters Value 1 Value 2 Value 3

A Cutting fluid off on –

B Cutting speed (rpm) 300 400 500

C Feed rate (mm/s) 0.03 0.04 0.05

D Hole-depth(mm) 25 30 35

2 Experimental Design

According to the experimental design of L18 orthogonal array on CNC lathe machine
(Manufacturer—Jyoti India Pvt. Ltd., 5500W/4500 rpm), the experimental research
was carried out by using solid carbide tool (K—series of 10 mm diameter) and
cutting fluid Hocut 795-H. The workpiece in geometry (25 mm diameter and 60 mm
length) was selected for deep-drilling process. Optimized combination of deep-
drilling process parameters having multiperformance feature was determined by
ANOVA. The description of deep-drilling process parameters with their different
values is given below in Table 1.

Surface roughness of all eighteen workpieces was measured by Mitutoyo
roughness tester. MRR is calculated using formulas.

Material Removal Rate = π

4
d2 f (1)

where d = diameter of bore in mm and f = feed in mm/s;

The experimental values of measured performance variables are given in Table 2.

3 Taguchi Technique

3.1 S/N Ratio

The Taguchi technique is a systematic way of optimization. The ratio of mean to the
standard deviation is known as S/N ratio. Depending on the conditions, S/N ratios
(signal-to-noise ratios) are of three types; first one is smaller-the-better, where second
larger-the-better, and the third is nominal-the-better. S/N ratios computational details
are explained and well defined in [9, 10]. The S/N ratios to minimize the surface
roughness were determined by smaller-the-better criteria and to maximize the MRR
by larger-the-better criteria as shown in Table 2.
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Table 2 Experimental values of surface roughness and MRR with their S/N ratios

Experiments L18 orthogonal array Measured values S/N ratios

A B C D SR (µm) MRR
(mm3/s)

SR MRR

1 1 1 1 1 4.08 2.36 −12.213 7.448

2 1 1 2 2 3.98 3.14 −11.998 9.946

3 1 1 3 3 4.12 3.93 −12.298 11.885

4 1 2 1 1 3.75 2.36 −11.481 7.448

5 1 2 2 2 4.11 3.14 −12.277 9.946

6 1 2 3 3 4.19 3.93 −12.444 11.885

7 1 1 1 2 3.93 2.36 −11.888 7.448

8 1 1 2 3 3.8 3.14 −11.596 9.946

9 1 1 3 1 3.04 3.93 −9.657 11.885

10 2 2 1 3 4.07 2.36 −12.192 7.448

11 2 2 2 1 3.24 3.14 −10.211 9.946

12 2 2 3 2 3.41 3.93 −10.655 11.885

13 2 1 1 2 4.15 2.36 −12.361 7.448

14 2 1 2 3 3.68 3.14 −11.317 9.946

15 2 1 3 1 3.64 3.93 −11.222 11.885

16 2 2 1 3 3.25 2.36 −10.238 7.448

17 2 2 2 1 3.141 3.14 −9.939 9.946

18 2 2 3 2 3.09 3.93 −9.799 11.885

3.2 Pre-processing and Grey Relational Analysis

In this process, an analogous series is generated by the original series. This is obtained
by normalizing the results of experiments in a range from 0 to 1. The details of
normalization are available in [11].

Following relations are used for grey relational analysis.

ξi (m) = �min + ξ.�max

�0i (m) + ξ.�max
(2)

where ξi (m) is grey relational coefficient and �0i (m), z∗
0(m) & z∗

i (m) are deviation
sequence, reference sequence, and comparability sequence, respectively.

�0i (m) = ∥
∥z∗

0(m) − z∗
i (m)

∥
∥ (3)

�min = max∀� ∈ i
min∀m∥

∥z∗
0(m) − z∗

i (m)
∥
∥ (4)
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�max = max∀� ∈ i
min∀m∥

∥z∗
0(m) − z∗

i (m)
∥
∥ (5)

Usually, the identification coefficient (ζ ) is taken as 0.5. Grey relational grades
(γ i) are obtained by equations given below:

γi = 1

n

n
∑

k=1

ξi (m) (6)

As impact of each characteristic is not similar in practical applications, so Eq. (6)
is changed as:

γi = 1

n

n
∑

m=1

wm .ξi (m)

n
∑

m=1

wm (7)

Equations (6) and (7) are equal if the normalized weight (wm) similar and i varies
from 1 to 18.

4 Outcomes

4.1 Optimized Parameters

The combination of optimized process parameters of deep drilling is determined by
GRA. The maximum grey relational levels of each deep-drilling parameter are A1,
B2, C3, and D3 as shown in Fig. 1. Therefore, deep-drilling parameters with values
A1B2C3D3 are an optimized combination for multiperformance.

Fig. 1 Grey relational grades of drilling process parameters
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Table 3 Grey relational grade responses

Symbol Drilling parameter Value 1 Value 2 Value 3 Max–Min

A Cutting fluid 0.6856 0.5776 0.1080

B Cutting speed 0.6768 0.6759 0.5422 0.1346

C Feed rate 0.5356 0.5633 0.7959 0.2602

D Hole-depth 0.5691 0.6563 0.6694 0.1003

Difference in maximum and minimum grey relational grade values of feed rate is
more than any other process parameters, so feed rate is most influencing parameter.
Similarly, remaining process parameters B, A and D are in descending order of their
influences on multiperformance as shown in Table 3.

4.2 Results of ANOVA

ANOVA is used to determine the contribution of deep-drilling parameters on multi-
performance factors. The variances of the grey relational grades were separated to
determine the contribution of deep-drilling parameters. To find the impact of drilling
parameters on multiperformance, F test was carried out (see Table 4). If F-value for
a process parameter is less than four, then changes in that process parameter have
insignificant effect on performance variables. Results of F-test describe that feed
rate, cutting fluid and cutting speed are effective parameters with F-values 23.8768,
9.3007 and 6.8314, respectively, and role of hole-depth is insignificant with F-value
(3.5268) which is less than 4.

The ANOVA results state that the most significant deep-drilling parameter feed
rate is with 54.41% contribution, followed by cutting speed (15.57%), cutting fluid
(10.60%) and hole-depth (8.04%) (see Fig. 2).

Table 4 Result of ANOVA

Symbol Deep-drilling
parameters

DOF Sum of squares Mean square F-value Contribution
(%)

A Cutting fluid 1 0.00494 0.0494 9.3007 10.60

B Cutting speed 2 0.0726 0.0363 6.8314 15.57

C Feed rate 2 0.2537 0.1268 23.8768 54.41

D Hole-depth 2 0.0375 0.0187 3.5268 8.04

Error 10 0.0531 0.0053 11.39

Total 17 0.4663 100
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Fig. 2 Role of machining parameters

Table 5 Optimized
deep-drilling parameters

Predicted
values

Experimental
values

%
improvement

Values A1B2C3D3 A1B2C3D3

Surface
roughness

1.0000

Material
removal rate

1.0000

Grey
relational
grade

0.9473 1.0000 5.56

4.3 Confirmation Experiments

There is an increment of 5.56% in experimental grade relative to predicted grades of
grey relation, and they are satisfactory as shown in Table 5.

5 Conclusions

The finest combination of deep-drilling process parameters is A1B2C3D3, that is,
with cutting fluid off, cutting speed 400 r.p.m., feed rate 0.05 mm/s and hole-depth
35 mm optimum multiperformance characteristics are obtained. The contribution
percentages of feed rate, cutting speed, cutting fluid and hole-depth determined by
ANOVA are 54.41, 15.57, 10.60 and 8.04%, respectively. Using this method, an
improvement of 5.56 is obtained. As a result, Taguchi is a very useful technique for
optimizing process parameters to minimize costs and time.
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Optimization of End Milling Machining
Parameters of SS 304 by Taguchi
Technique

Gaurav Kumar, Mukesh Kumar, and Ankit Tomer

1 Introduction

Milling is mainly usedmachiningmethod in automobile, surgical equipments, power
plant, mining and aircrafts industries, etc. A large number of the components are
manufactured from machined SS-304. The main concerns for industries are to
decrease surface roughness to improve surface quality and also increase in material
removal rate to reduce the cost to compete with flexible requirement of market [1–4].
By the regular improvement of tools and equipments, a huge number of processing
techniques have developed for generating high surface quality, surface roughness,
precise size, MRR as the main features and so on [5].Earlier, Hayajneh et al. [6]
performed a set of end milled experiments on aluminum pieces for finding the effects
depth of cut, feed and speed on surface roughness fromwhich feed is the most impor-
tant factor. Maiyar et al. [7] performed end milling experiments on Inconel 718 alloy
using L9 orthogonal array for multi-objective optimization.

After reviewing the literature, it was found that the poor surface quality, wearing
of tools andmaterial removal rate are the main issues in manufacturing which creates
complexity in machining of SS-304, and main process parameters affecting surface
quality andmaterial removal rate are depth of cut, spindle speed and feed. So, keeping
in mind above discussed complexity in milling of SS-304 problem was designed for
improving surface roughness. The experiments were performed for optimization of
end milling machining parameters of SS-304 by Taguchi technique.
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Fig. 1 SS-304 pieces

2 Detail of Work Material and Equipments

2.1 Work Material

Work material for experiment was SS-304, and it was divided into eighteen parts of
geometry 80 mm × 50 mm × 10 mm as shown in Fig. 1.

2.2 Milling Machine

The end milling operations were performed on the work material by solid carbide
end milling tool(CR 2.5 Ø12, M—series) fitted on vertical milling center machine
(BMV 60 TC 24) (see Fig. 2) with coolant (Blastocut-500), and surface roughness
was measured by Mitotoyo roughness tester as shown in Fig. 3.

Fig. 2 Vertical milling
center machine
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Fig. 3 Tester for measuring
roughness

Table 1 Selection of end milling process parameters

S. No. Parameters Value 1 Value 2 Value 3

1 Coolant OFF ON –

2 Feed (mm/min) 1500 2000 2500

3 DOC (mm) 0.2 0.3 0.4

4 Speed (rpm) 1500 2500 3500

2.3 Selection of End Milling Process Parameters

Coolant, feed, depth of cut and speed were used as endmilling parameters for finding
the effect on surface roughness. L18 orthogonal array was designed to conduct the
experiments with following end milling parameters given in Table 1.

3 Outcomes

3.1 Analysis of S/N (Signal-to-Noise) Ratio

In this experiment, smallest-is-better criterion was used for minimizing the surface
roughness.

Smallest-is-better:

S/NdB = −10 log10

[
1

n

n∑
x=1

R2
x

]
(1)
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where Rx shows the surface roughness value of xth experiment, and N is the total
experiments. Formulae for calculation of S/N ratio are also represented in references
[8, 9]. Signal-to-noise ratio values of 18 experiments are shown in Table 2. Equation 2
was used for computing the mean value (Y ) of signal-to-noise ratios (Table 3).

ϒ = 1

N

N∑
j=1

ϒ j (2)

Table 2 S/N ratio values

Exp. No. Coolant Feed rate Doc Cutting speed Ra (µm) S/N ratio Yj (dB)

1 Off 1500 0.2 1500 1.91 −5.62

2 Off 1500 0.3 2500 1.45 −3.23

3 Off 1500 0.4 3500 1.75 −4.86

4 Off 2000 0.2 1500 2.35 −7.42

5 Off 2000 0.3 2500 2.3 −7.23

6 Off 2000 0.4 3500 2.18 −6.77

7 Off 2500 0.2 2500 1.96 −5.85

8 Off 2500 0.3 3500 1.79 −5.06

9 Off 2500 0.4 1500 2.2 −6.85

10 On 1500 0.2 3500 1.35 −2.61

11 On 1500 0.3 1500 1.29 −2.21

12 On 1500 0.4 2500 1.14 −1.14

13 On 2000 0.2 2500 1.41 −2.98

14 On 2000 0.3 3500 1.29 −2.21

15 On 2000 0.4 1500 1.99 −5.98

16 On 2500 0.2 3500 1.7 −4.61

17 On 2500 0.3 1500 1.98 −5.93

18 On 2500 0.4 2500 1.55 −3.81

Avg. 1.76 −84.36

Table 3 Response of average S/N ratio

Level Coolant Feed Doc Speed

1 −5.88 −3.28 −4.85 −5.67

2 −3.50 −5.43 −4.31 −4.04

3 −5.35 −4.90 −4.35

Delta 2.38 2.16 0.59 1.63

Rank 1 2 4 3
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Fig. 4 Response graph

where j = 1, 2, …, N (and N = 18) and Yj is signal-to-noise ratio [10].
The maximum value of signal-to-noise ratio of each end milling parameter was

A2B1C2D2with mean value—4.69 as shown in Fig. 4 that means coolant is on; feed
of 1500 mm/min, doc 0.3 mm and cutting speed of 2500 rpm.

3.2 Analysis of Variance (ANOVA)

ANOVA is used to find out the contribution of end milling process parameters
on surface roughness. To find the impact of end milling parameters on multi-
performance, F test was carried out. If F- value is greater than four, then variations
in parameters play an effective role on surface roughness [11].

The results of ANOVA are shown in Table 4 that coolant is a parameter with the
highest percentage contribution (40.05%); whereas, feed, speed and depth of cut are
with their percentage contribution of 28.16%, 14.12% and 2%, respectively.

Table 4 Results of the ANOVA

Source Dof SS MS F-value Contribution (%)

Coolant 1 25.46 25.46 25.54 40.05

Feed 2 17.90 8.95 8.98 28.16

Doc 2 1.27 0.63 0.64 2.00

Speed 2 8.97 4.49 4.50 14.12

Error 10 9.97 1.00 15.68

Total 17 63.56 100.00
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Table 5 Optimum conditions
of parameter

Prediction Experiment % change

A2B1C2D2 A2B1C2D2

Surface roughness 1.131 1.14 0.79

S/N ratio (db) −1.07 −1.14 6.28

3.3 Result Confirmation

Confirmation test shows the average surface roughness (prediction and testing)
values.

From Table 5 shows that S/N ratio decreased 6.28% due to increase in surface
roughness of 0.79% which justifies optimal combinations (A2B1C2D2) are better for
improving the surface roughness of end milled products.

4 Conclusions and Future Scope

This work presents an experimental analysis in which end milling operations were
performed on SS-304. Taguchi is a very useful technique for optimizing industry
process parameters tominimize costs and time. The effect of four parameters, namely
coolant, feed, depth of cut and speed on the integrity of the machined surface were
found.A2B1C2D2 (i.e., coolant—On, feed—1500mm/min, doc—0.3mmandcutting
speed—2500 rpm) is the optimal combination of the current endmilling process. The
determination of the optimum cutting parameters is verified by the validation experi-
ment. Coolant is the most important input parameter affecting the performance char-
acteristics due to its highest percentage contribution (40.05%) among the process
parameters followed by feed (28.16%), speed (14.12%) and depth of cut (2%).
Speed (rpm) has little effect but depth of cut has no statistically effect on the perfor-
mance characteristics. Therefore, the surface roughness can be improved by using
Taguchi technique. In future, other techniques such as principal component analysis,
fuzzy logic, etc., can be used to determine the grades/index of multi-performance
characteristics.
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Evaluation of Mechanical Properties
and Tribological Behaviour
of Self-lubricating Aluminium Matrix
Hybrid Composites

B. K. Badhan, H. Nautiyal, R. Moharana, U. S. Rao, R. K. Gautam,
and R. Tyagi

1 Introduction

Aluminium matrix composites (AMCs) offer low weight, high specific
strength/stiffness, corrosion and creep resistance with superior mechanical prop-
erties and are attractive materials for military, aerospace, electronics and automobile
industries [1–3]. Al2O3 as reinforcement offers advantage of easy availability, low
cost and better wear resistance properties [2]. Size of reinforcing particles influences
the final properties of the composite. Researchers have found that with the addition of
micron-sized reinforcement powders into a metal matrix, although mechanical prop-
erties like ultimate tensile strength, yield strength, hardness and wear performance
are increased, but there is a considerable decrease in ductility of composites with
highparticle concentrations [4].Metalmatrix nano-composites (MMNC’s) overcome
these shortcomings and offer good mechanical properties, high fracture toughness
and machinability while maintaining the ductility [5]. Properties are significantly
enhanced with the addition of small quantity of nano-particles.

Addition of hard particles inmetals leads to higher coefficient of friction, and after
certain load, their abrasiveness is also high at contact [6]. Effortswere also put to over-
come friction and wear in automobiles due to engine transmission, tyre and brakes
[7]. Most of the conventional lubricants are petroleum-based which do not work
under extreme temperatures and pressures and are usually toxic, non-biodegradable
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and cause damage to the environment. Therefore, researchers have put great atten-
tion to reduce friction and wear with the help of development of new materials and
self-lubricating materials. Materials having very low shearing strength such as WS2,
MoS2 and graphite are added to reduce the friction [6]. In self-lubricating metal
matrix composites, one of the reinforcements is a solid lubricating material such
as WS2, MoS2, graphite or hexagonal boron nitride. Quality of these composites
depends upon properties of matrix and lubricant, the interaction of matrix and lubri-
cant, distribution and concentration of lubricant. Anitha et al. [8] investigated dry
sliding wear behaviour of Al7075/Al2O3/Gr hybrid composite and found that even a
small amount of Al2O3 and Gr have significant effect on wear and coefficient of fric-
tion (CoF) where wear is mainly affected by Al2O3 and Gr content mainly affecting
CoF.

Stir casting route is one of the important and cheapest routes to synthesize the
aluminium matrix composites. Melt processing technique offers the advantages of
low cost, simplicity, wide selection of materials and easy control of matrix structure
[9].

In the present study, aluminium matrix is reinforced with nano-alumina and
MoS2/WS2 which are added as a solid lubricant to synthesize self-lubricating metal
matrix hybrid composites. Four different composites are made to study the effect of
addition of solid lubricant onmechanical and tribological properties of the developed
material.

2 Experimental Details

2.1 Materials and Synthesis of Composites

In the present study, different materials used for synthesis of composites and the
designations assigned to them are as mentioned in Table 1.

Composites have been synthesized using stir casting route in the present investi-
gation. Calculated amount of reinforcement powders was preheated in a microwave

Table 1 Material used for synthesis of composites

S.
No.

Material Designation Pure
Al
(wt%)

Al2O3 (wt%) MoS2 (wt%) WS2 (wt%)

1 Pure Al C1 100 – – –

2 Al/Al2O3 C2 98 2 – –

3 Al/Al2O3/MoS2 C3 96 2 2 –

4 Al/Al2O3/WS2 C4 96 2 – 2

5 Al/Al2O3/MoS2/WS2 C5 96 2 1 1
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oven up to 110 °C for 1 h for moisture removal. For synthesizing the composites by
stir casting, preheated reinforcement powders were injected into molten aluminium
and stirred continuously for proper mixing.

2.2 Mechanical and Wear Testing

The samples fabricated with different compositions as mentioned in Table 1 were
investigated by different techniques. Micrographs were taken under scanning elec-
tron microscope at 500 × and 1500 × , respectively. Theoretical and actual density
measurements were carried out by rule of mixture and using Archimedes principle,
respectively. Hardness of the composites was measured by using Brinell hardness
testing machine (make: Mechatronics India Pvt. Ltd). Tensile specimens were made
from all the composites with ASTM E8 standards having gauge diameter of 4.5 mm
and gauge length of 15.5 mm, and tensile tests were performed on Instron tensile
testing machine having a maximum capacity of 25 kN with an integrated computer
system which plots load vs extension curves. XRD of the samples were carried out
with CuKα radiation (λ = 1.5402 Å). Dry sliding wear tests were performed on
pin-on-disc rotary tribometer (make: DUCOM). Pin samples of 8 mm diameter and
35 mm length were made from all the composites and were tested against EN31
bearing steel as counterface material. Tests were carried out with different loads of
10, 20, 30 and 40 N at constant sliding speed of 0.5 m/s for total 6000 revolutions and
average values of COF are reported. Worn surfaces were cut from the pin samples
and examined under scanning electron microscope for possible wear mechanism.

3 Results and Discussion

3.1 Metallographic Analysis

The distribution of particles in the matrix has been studied through scanning electron
microscope (SEM) at 500× and 1500x. It has been observed that composite C2 and
C3 show the uniformly distributed particles. However, small clusters were observed
in composites C4 and C5 (Fig. 1), respectively, which may be due to intermixing of
more number of particles into the matrix.

3.2 XRD Analysis

Figure 2 shows the X-ray diffraction pattern of composites. From the XRD results, it
can be seen that major peaks observed are related to aluminium and very few minor
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Fig. 1 SEM micrographs of Al/Al2O3/MoS2/WS2 (C5) composites

Fig. 2 XRD pattern of all the composites

peaks are observed for MoS2 and WS2 since the weight percentage of these is below
5%. However, it can be confirmed that all elements are present in the composites.
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Table 2 Density and hardness of the composites

Material Theoretical density
ρt (g/cm3)

Actual density
(ρt) (g/cm3)

% porosity BHN

Pure Al (C1) 2.7000 2.6660 1.2592 16

Al/Al2O3 (C2) 2.7172 2.6831 1.2549 24

Al/Al2O3/MoS2 (C3) 2.7430 2.7241 0.6890 22

Al/Al2O3/WS2 (C4) 2.7527 2.7105 1.0389 21

Al/Al2O3/MoS2/WS2 (C5) 2.7478 2.7019 1.6704 19

3.3 Density and Hardness

Increase in density is observedwith addition of reinforcementwhich can be attributed
to filling of pores inside the aluminium matrix (Table 2). C3 composite shows
maximum density among all the composites due to uniform distribution of parti-
cles but it further decreased in C4 and C5 composites due to particle clustering.
Brinell hardness has shown the same trend as that of density. Hardness of the matrix
phase increases with the addition of external hard and brittle phase of ceramic parti-
cles. Further, with the addition of solid lubricants, the hardness of hybrid composites
decreases due to the softer nature of MoS2 and WS2 (Table 2).

3.4 Tensile Testing

The maximum value of tensile strength was obtained in Al/Al2O3/MoS2 hybrid
composite which may be attributed to the uniform dispersion of particles and less
porosity (Table 3). Al/Al2O3 shows a lower value of UTS because of agglomeration
of hard phase particles which act as notches and thus brittleness increases, and hence,
percentage elongation decreases.

Table 3 Tensile properties of composites

S. No. Material UTS (MPa) YS (MPa) % elongation

1 Pure Al 57.98 27.10 41.70

2 Al/Al2O3 58.36 24.40 29.47

3 Al/Al2O3/MoS2 64.35 32.82 37.57

4 Al/Al2O3/WS2 60.31 29.83 40.52

5 Al/Al2O3/MoS2/WS2 59.22 23.86 42.99
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Fig. 3 Variation of wear rate with normal load for all composites

3.5 Tribological Behaviour of Composites

Wear rate of all the composites was calculated at different loads. Variation of wear
rate with normal load for all the composites is shown in Fig. 3.

It has been observed that wear rate increases with increasing load for most of the
composites followingArchard’s law of wear. At higher load particularly at 40N load,
wear rate of all materials significantly increases except C4 composite, due to strong
adhesion with counterface material, resulting in a large amount of material loss.
However, wear rates of composites with solid lubricants are lower as compared to
pure Al and Al/Al2O3 composites which is due to the presence of MoS2/WS2 which
reduces friction at contacting surfaces and thus allowing less material removal.

The fluctuation of coefficient of friction in the present study is observed in the
range 0.4–0.6. Further addition of hard phase particles and solid lubricants signifi-
cantly reduced the COF values. This may be attributed to the presence of soft phase
solid lubricant particles which are present in the composite materials and give lubri-
cating action, thereby reducing the friction at the interface.Among all the composites,
Al/Al2O3/MoS2 (C3) shows the lowest values of the coefficient of friction.

SEM micrographs of worn surfaces have been studied for all the composites
fabricated at 10 and 40 N. It is observed that at 10 N load abrasion accompanied by
delamination occurs with severe oxidation and at 40 N load severe delamination has
been observed (Fig. 4).

4 Conclusions

From the above results and discussion, the following conclusions may be drawn:
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Fig. 4 SEM micrographs of worn surfaces of composite C5 at a 10 N, b 40 N

• Al/Al2O3, Al/Al2O3/MoS2, Al/Al2O3/WS2, and Al/Al2O3/MoS2/WS2 hybrid
composites were successfully prepared by stir casting.

• All the composites exhibit higher density than pure Al, and Al/Al2O3/MoS2 (C3)
composite has the highest density among all composites.

• All the composites exhibit higher hardness than pure Al. However, decrease of
hardness is observed with the addition of soft phase particles of MoS2 and WS2.

• Al/Al2O3/MoS2 (C3) composite has higher tensile strength than other developed
composites.

• Wear resistance of the composites is higher as compared to pure aluminium.
• Hybrid composites have lower coefficient of friction due to the presence of

MoS2/WS2 particles.
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Geometry Optimization
of Magneto-Rheological Damper Based
on Magnetic Saturation

Bhupesh Ojha

1 Introduction

Magneto-rheological fluids are materials that exhibit a change in rheological prop-
erties with the application of a magnetic field. The MR effect can be applied to a
hydraulic damper for better control of vibration [1, 2]. In technical and laboratory
context, the most common configuration used with magneto-rheological fluids is
based on a modification of the typical hydraulic actuator structure (Fig. 1). An outer
cylinder is filled up with MR fluid, and an inner piston moves inside. Between the
two main components, a constant annular gap is ensured, in which MR fluid is free
to flow during the piston displacements in the device chamber. The piston, which is
one of the two paramagnetic elements, has a central groove along its lateral surface,
where one or more electric coils of copper are housed. The cylinder corresponds
to the second pole of the field. When current is supplied to the coil, some areas
of the fluid in the gap piston–cylinder are “activated” (i.e., material is polarized),
and the formation of particle chains starts. Increasing the intensity of the magnetic
field, the number and strength of the chains of particles between the two poles of the
circuit increase. The flow resistance can be adjusted, starting from the total absence
of magnetic field to the state of magnetic saturation of the fluid, where a complete
alignment of ferromagnetic particles takes place and a further increase in current does
not produce, at constant speed, greater damping force. In this solution, an external oil
reservoir must to be used in order to collect the fluid volume moved by the entrance
of the piston rod in the cylinder chamber [3].
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Fig. 1 MR damper: main components [3]

2 MR Damper Design

2.1 Input Data with Design Conditions

The specifications are used for input data, and the limiting conditions are used for
design solutions.

The specifications are as follows:

a. controllable level of mechanical power: Wm = 80 W
b. maximum velocity of MR damper: v0 = 0.03 m/s.

The design conditions are as follows:

a. internal diameter of damper cylinder: din = 0.04 m
b. piston rod diameter: drod = 0.02 m
c. length of the piston: l = 0.036 m.

2.2 Selection Criterion of MR Fluid

Tochoose themost effectiveMRfluid, the normal characteristics of differentMRfluid
must be studied.Thenormal characteristics ofMRfluid indicate by thefigure ofmerit.
The MR fluid provides the maximum force when it generates the maximum yield
stress [4]. This condition is achieved when the MR fluid is magnetically saturated. In
this study, the Lord Corporation 132 DGMR fluid is chosen. For shear strain rate, γ
= 140 s−1 and magnetic field, H = 250 kA/m, the following values can be obtained:
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Fig. 2 Variation of dynamic range (D) with gap dimension (g) [5]

• The magnetic flux B = 0.83 T.
• The yield stress τ y = 44.1 kPa.
• The off state plastic viscosity η = 0.25 Pa s.

2.3 Hydraulic Design

The MR damper will be more effective when the controllable range of force should
be as high as possible. The controllable force will increase when the gap is small but
for small gap the viscous force increases and dynamic range decreases. For large gap
size, both the viscous force and controllable force decrease [5]. Hence, there exists
an optimal gap size which maximizes the dynamic range D. From Fig. 2, g = 0.4 ×
10−3 m for Dmax = 65. Now the hydraulic circuit parameters are calculated on the
basis of above gap size.

2.4 Magnetic Circuit Design

Parallel to the working mode of MR fluid, the realization of a suitable magnetic
circuit in the device is fundamental, because the final load damping performances
depend on fluid-activated shear stress τ y that depends on magnetic field produced B.
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The main objective of circuit design, once chosen the maximum current intensity
i for the working condition of the device, was to calculate the necessary number of
coils N that allowed to generate the desired magnetic field, according to the limits
on the geometry and on safety [6, 7]. Following steps are used to size the magnetic
circuit:

(1) Operating point of MR fluid: magnetic field,H = 250 kA/m, the magnetic flux
density, B = 0.83 T.

(2) The steel used for piston and cylinder should have high magnetic permeability
(C% < 0.15).

(3) Two equal poles are considered with pole length; lp = 6 × 10–3 m.
(4) Magnetic flux density is calculated for the steel core from the continuity of

magnetic flux (φ), φ in the MR gap = φ in the steel = constant.
(5) The effective area of the pole is found to be A′

f = 7.38 × 10−4 m2 and Bsteel

= φ/A0 = Bf A′
f/A0 = 1.5 T.

(6) Hsteel = 1000 A/m (on the basis of B versus H magnetic curves).
(7) Magnetic coil contains the ampere turns (Kirchoff’s law): NI = �HiLi = 300

A-turns.
(8) Taking I = 2A yields N = 150.
(9) Calculated inner coil diameter for a coil: dc = 2.28 × 10−2 m.
(10) Calculated coil length: lc = 2.4 × 10−2 m.

Iterative calculation is used to design the hydraulic circuit and magnetic circuit.

3 Finite Element Analysis of MR Damper

Through hydraulic and magnetic design, the main design parameters for MR damper
have been selected. Now the piston head geometry is analyzed in detail because
the design parameters directly affect the behavior magnetic saturation. For better
vibration control, it is always desired that all of the components are below their
saturation fields [8]. The main design parameters have been analyzed through a
series of numerical magnetic analysis using the finite element method "ANSYS"
(Fig. 3).

4 Results and Discussions

4.1 Effect of Core Diameter (DC) (dc)

The flux density should reach its maximum value across the fluid gap for optimized
damper during its operation. The core diameter is a critical design parameter to affect
the limiting magnetic flux density. In Fig. 4, the magnetic flux density is plotted in
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Fig. 3 Two-dimensional magnetic flux density (BSUM)

Fig. 4 Variation of magnetic
flux density with core
diameter
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the gap versus the core diameter.
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Fig. 5 Variation of magnetic
flux density with magnetic
pole length
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4.2 Effect of the Magnetic Pole Length (LP) (lp)

Figure 5 shows the variation of the magnetic flux density versus gap as a function of
magnetic pole length.

The result of the MR damper model indicated that at the input design variables
(dc = 22.8 mm, lp = 6 mm), the magnetic flux density is 0.877 Tesla which is more
than the saturated value of 0.83 Tesla. At the optimum values (dc = 21.8 mm, lp =
6.1 mm) through magnetic analysis, the magnetic flux density is 0.828 T, which is
close and less than saturated value.

5 Conclusions

The maximummagnetic flux density in the fluid gap is generated below the saturated
value by optimizing the dimensions and also verified by simulation. In this study, the
effects of the design variables (DV’s), core diameter (dc) and magnetic pole length
(lp) on the magnetic flux density in the fluid gap were investigated. The result of the
MR damper model indicated that at the input design variables (dc = 22.8 mm, lp
= 6 mm) the magnetic flux density is 0.877 Tesla which is more than the saturated
value of 0.83 Tesla. At the optimum values (dc = 21.8 mm, lp = 6.1 mm) through
magnetic analysis, the magnetic flux density is 0.828 T, which is close and less than
the saturated value. So this studywill help to design theMR damper for better control
of vibrations.



Geometry Optimization of Magneto-Rheological … 705

References

1. Sung, K.G., Choi, S.B., Park,M.K.Y.U.: Geometry optimization ofmagneto-rheological damper
for vehicle suspension via finite element method. Adv. Sci. Lett. 4, 805–809 (2011)

2. Sallon, M.Y., Samad, Z.: Finite element modeling and simulation of proposed design magneto-
rheological valve. Int. J. Adv. Manuf. Technol. 54, 421–429 (2011)

3. Samad, Z., Salloom, M.Y., Hawary, A.F.: Simulation and design optimization of magneto
rheological control valve. Int. J. Mech. Mater. Eng. IJMME 6(2), 231–239 (2011)

4. Cesmeci, S., Engin, T.: Modeling and testing of a field controllable magnetor heological fluid
damper. Int. J. Mech. Sci. 52, 1036–1046 (2010)

5. Kciuk, S., Turczyn, R., Kciuk, M.: Experimental and numerical studies of MR damper with
prototype magnetorheological fluid. J. Achiv. Mater. Manuf. Eng. 39(1), 52–59 (2010)

6. Nam, Y.J., Park, M.K.: Electromagnetic design of a magnetorheological damper. J. Intell. Mater.
Syst. Struct. 20, 181–191 (2009)

7. Grunwald, A., Olabi, A.-G.: Design of magneto-rheological (MR) valve. Sens. Act. A Phys.
148(1), 211–223 (2008)

8. Case, D., Taheri, B., Richer, E.: Finite element modeling and analysis of magnetorheological
dampers. In: Proceedings of the ASME, International Mechanical Engineering Congress and
Exposition (2011)



Comparative Investigation of Process
Capability of Surface Finish in Milling
of EN19 Steel Using VMC

Rupesh Chalisgaonkar

1 Introduction

Nowadays, the process capability investigation has an important role to enhance
manufactured product’s quality in industries. The process capability represents and
assures that the dimension or surface quality of part/product would fall between
engineering specifications/customer specification.

Process capability index (Cpk) shows the process centering with respect to the
specified specification limits of the product. Cpkl represents that the process capa-
bility index of manufacturing process is neater to lower limit whileCpku indicates the
proximity of process nearer to upper limit. The minimum value of process capability
index is selected considering precautionary safety [1]. Process capability investi-
gation is implemented in all stages of product development from design to quality
inspection to ensure part’s specification lies between tolerance limit [2]. The two
parts in nature could not be similar which yields the possible variation of product
dimensions in manufacturing process. The assignable cause of variation could be
controlled by process parametric setting during the process, while non-assignable
causes are inherent and difficult to control. Motorola emphasized to produce defect-
free product using six sigma limits during manufacturing process. If the specified
limits of product dimension are greater than three sigma limits, then the number of
rejected parts would be minimized. Apart from it, process center could be changed
without resulting in any loss in rejection. Process capability index (Cpk) exhibits the
centering of the process while tails of the curve represent the proximity to design
specifications. If the process is not centered during manufacturing process then there
will be more chance to produce defective parts [3]. In today’s competitive market to
satisfy customer demand (high material removal rate, surface finish and tolerance),
the other factors such as cutting tool, machining conditions and machine tool are to
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Table 1 Cutting parameters with their level

Process parameters (unit) Parameter designation Level 1 Level 2 Level 3

Cutting speed (rpm) A 420 710 1000

Feed rate (mm/rev) B 0.02 0.0765 0.133

Depth of cut (mm) C 0.1 0.2 0.3

be selected accordingly [4]. EN 19 alloy steel possesses higher range of ductility,
impact resistance and wear resistance properties. The EN 19 alloy steel is has a wide
applications for making components in automobiles, aircraft, oil and gas industries
and transportation industries [5]. Several research works was reviewed [6–8]. It was
evident from available literature review that a very little work has been reported
containing comparative evaluation of process capability index of surface roughness
in milling process of EN 19 steel. The proposed work would also focus to explore the
best tool among coated and uncoated carbide tool considering process capability of
surface finish. The research work carried out could be beneficial for manufacturing
industries.

2 Experimentation (Material, Method and Measurement)

The rectangular workpiece of EN 19 steel was chosen for experimental study.
The chemical composition of EN 19 steel was C: 0.43%, Mn: 0.79%, Si: 0.23%,

S: 0.017%, Cr: 0.93%, Ni: 0.40, Mo:0.21% and balance Fe.
CNC vertical machining center of Jyoti PX 40 make was utilized to perform

the experiments. End mill cutters of two different types (each having 6 mm diam-
eter) titanium nitride coated carbide and uncoated carbide were taken for machining.
Machining slotwas cut of dimension30mm×6mmonworkpiece.Thepart program-
mingwas done usingDELCAMsoftware of theCNCVMC.Three cutting parameters
mainly cutting speed (RPM), feed rate (mm/rev) and depth of cut (mm)were selected
for study (Table 1). Taguchi’s L9 orthogonal array was implemented for design of
experiments. The experiments were repeated three times to reduce the experimental
error. Surface roughness (Ra) of the milled workpiece was computed using surface
roughness tester (Mitutoyo make).

3 Results and Discussion

3.1 Computation of Process Capability

Computational steps to calculate process capability of surface roughness are as
following.



Comparative Investigation of Process Capability … 709

Mean (X):

Process mean was computed for each experimental trial by using the following
equation.

Mean (X) =
N∑

i=1

yi/N (1)

where

yi value of surface roughness for each experimental trial.

N Number of trials.

Standard Deviation (σ)
Standard deviation for each experiment trial was computed by using the following
equation.

Standard deviation (σ ) =
√∑N

i=1(xi − X)
2

N
(2)

Process Capability Index (Cpi)
The Eq. 3 was used to calculate Cpi of all experimental trial.

Cpi =
{
X − LSL

3σ
,
USL− X

3σ

}
(3)

The specifications limits set for setting limits are as follows.
Upper specification limit (USL) for SR (coated tool) = 2 μm.
Lower specification limit (LSL) for SR (coated tool) = 0 μm.
Upper specification limit (USL) for SR (uncoated tool) = 4 μm.
Lower specification limit (LSL) for (uncoated tool) SR = 1 μm.
The value of mean, standard deviation and process capability index of surface

roughness for both tools were computed and reported in Table 2.

3.2 Single Response Optimization

In order to minimize the deviation of target of output parameters (SRcoated and
SRuncoated) from defined specification limit, the S/N ratio of process capability index
(Cpi) was maximized. Following formulae were used for calculating S/N ratio.
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Table 2 Computing of process capability index (Cpi)

Exp.
No.

SRcoated (X ) SRcoated (σ ) SRcoated (Cpi) SRuncoated (X ) SRuncoated (σ ) SRuncoated (Cpi)

1 0.700 0.0816 2.857 1.813 0.223 1.215

2 1.160 0.1947 1.438 2.090 0.448 0.811

3 1.515 0.0206 7.841 2.540 0.639 0.803

4 0.900 0.1083 2.769 3.100 0.588 1.077

5 1.375 0.1592 1.308 3.713 0.180 2.386

6 1.550 0.0656 2.287 3.190 0.394 1.532

7 1.160 0.0252 11.126 3.940 0.057 6.182

8 1.260 0.0346 7.120 4.330 0.070 3.201

9 1.375 0.0126 16.556 4.253 0.223 0.733

S/NCpi = −10log10

[
1

n

n∑

i=1

1

y2i j

]
(4)

where

yij surface roughness in ith replicate of the jth trial.

n total number of trials.

Figures 1 and2 illustrate theS/N ratio plots for SRcoated andSRuncoated, respectively.
The single response optimal parametric setting for surface roughness using coated
tool was found at cutting speed (A) 1000 rpm, feed rate (B) 0.1333 mm/min and
depth of cut (C) 0.3 mm, while using uncoated tool it was obtained cutting speed (A)
1000 rpm, feed rate (B) 0.02 mm/min and depth of cut (C) 0.3 mm.

Fig. 1 Mean effect plot of S/N ratio for Cpi (SRcoated)
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Fig. 2 Mean effect plot of S/N ratio for Cpi (SRuncoated)

Table 3 Confirmatory results Process parametric
condition

Cpi SRcoated
process parametric
setting

Cpi SRuncoated
process parametric
setting

Initial level 2.857 (A1, B1, C1) 1.215 (A1, B1, C1)

Predicted value 15.578 (A3, B3,
C3)

6.182 (A3, B1, C3)

Experimental value 15.698 (A3, B3,
C3)

6.163 (A3, B1, C3)

4 Confirmation Experiments

The confirmatory experimental results are tabulated in Table 3. The improvement of
the process capability index (Cpi) from the initial parametric setting was remarkably
higher (Table 3). Hence, the machining performance was found to be improved
significantly.

5 Conclusions

The process capability analysis regarding surface finish was investigated using tita-
nium nitride coated carbide tool and uncoated carbide tool for machining of EN 19
steel in this study. The following points were concluded.

1. The optimized machining conditions for process capability index of surface
roughness (Cpi SRcoated) using titanium nitride coated tool was found to be:
cutting speed-1000 rpm, feed rate-0.1333 mm/min and depth of cut-0.3 mm. For
process capability index of surface roughness (Cpi SRuncoated) using uncoated
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carbide tool, the optimal setting is different (cutting speed-1000 rpm, feed
rate-0.02 mm/min and depth of cut-0.3 mm).

2. The optimized process capability index (Cpi SRcoated and Cpi SRuncoated) was
found to be more than one (15.698 and 6.163, respectively), which exhibits that
the higher process capability in milling process of EN-19 steel could be achieved
at evaluated optimized parametric condition for surface roughness.

3. The comparative evaluation of surface roughness (Table 2) shows that the coated
tool should be preferred as it gives lower surface roughness in comparison with
uncoated tool for milling of EN 19 steel.
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Ergonomic Evaluation of Foundry
Operations Using Energy Expenditure
Prediction Program Software

Sohail Akhtar and Imtiaz Ali Khan

1 Introduction

Ergonomic evaluation of a work place is very significant aspect which increases the
productivity and quality of work. Energy expenditure prediction is one of the most
widely used methods to evaluate the working environment such as foundry envi-
ronment and lathe environment. Skeletal muscles may be assumed as biochemical
machines inwhich the chemical energy is stored in the formof adenosine triphosphate
(ATP), which ultimately goes into muscles and converted into mechanical work and
heat energy, Umberger et al. [1]. In the case where the loading is static, and the work
done by the muscles is zero, the muscle energy is mainly dissipated as heat. Mechan-
ical power can be expressed as the product of joint actuator torque and velocity of
joint. We can find the total mechanical power of the whole system as the summation
of mechanical power of all joints. Ergonomist, applied physiologist, sports scientist,
nutritionist and epidemiologist require the estimates of activity patterns and energy
expenditures. Methods generally used for measurement of energy expenditure are
accelerometer, motion sensors, combined heart rate and motion sensors, integrated
electromyography, etc.

In activities such as repeated loading and unloading large numbermuscles perform
submaximal, dynamic contractions as described by Astrando [2], when a person is
doing this type of work, his endurance is mainly limited by the amount of oxygen,
transported and being utilized by the system (maximum aerobic power). The process
of determination of a person’s maximum limit of aerobic power will not be discussed
in this research, but other excellent observations will be presented in this paper. By
relating the energy spent in a job to the aerobic power of the person for endurance
efforts, an objective evaluation can be made for a worker for carrying a particular
task without getting fatigue.
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For predicting thermal as well as mechanical energy released during simulated
muscle contractions, a model of muscle energy expenditure was established EEPP
[3]. The muscle energy model was assessed at varying levels of complication, which
ranges from simulated contractions of isolated muscles, to whole body locomotion
simulation. In all cases, the satisfactory agreement was found among the simu-
lated and experimental energy liberation. Gunn [4] investigated four household
tasks such as sweeping, window cleaning, vacuuming and mowing, conducted in
the subjects’ homes and a standardized laboratory environment. Energy expenditure
was predicted via indirect methods. The findings propose that the given household
tasks can contribute to the 30 min per day of moderate-intensity activity required to
consult health benefits. The important metabolic equivalent (MET) changes between
the home and laboratory highlight the effects of ‘environment and terrain’ and the
‘mental approach to a task’ on self-paced energy outflow. Levine [5] reviewed and
assessedmetabolic requirements, fuel consumption and the relative effect of different
drink, food, drugs and emotional factors for evaluation of energy expenditure in indi-
viduals. He recommended where high accuracy is required and sufficient resources
are available, an open-circuit indirect calorimeter can be used, whereas at a point,
where facilities are constrained as well as we can sacrifice the ideal accuracy, flexible
systems and non-calorimetric techniques are possibly helpful. For detailed informa-
tion on free-living subject, factorial method is used. Przybyszewski [6] utilizes phys-
ical activity (PA), heart rate (HR) and anthropometry strategies in female Indian tea
pluckers to calculate the energy expenditure. An energy expenditure (EE) prediction
equationwas created utilizing an expandedmethod that initially separates time during
typical workday movement such as resting, plucking and walking, using accelerom-
eter counting. Resting EE was anticipated from weight and age, while minute-by-
minute non-resting EEwas forecasted fromHR and body mass index BMI. He set up
that the energy expenditure can be accurately estimated with a bifurcated equation
based on PA, HR, height, weight and age for a specific population taking part in a
known set of activities. Limited data is available about the longitudinal changes in
vitality necessities in late life Cooper [7]. The reasons for this investigation were to
(i) assess the vitality necessities in late life and how they change during time span of
6 years, (ii) decide whether the variations in fat-free mass (FFM) were linked with
changes in resting metabolic rate (RMR) and (iii) decide the accuracy off antici-
pated total energy expenditure (TEE) to know TEE. In this study, it was established
that TEE, RMR and activity energy expenditure (AEE) diminished in men, yet in
not women, from the 8th to 9th decade of life. Ergonomic evaluation of CNC lathe
environment was performed by Mohsin [8] in 2018, ZHCET, AMU in which energy
expenditure of different sub-tasks were evaluated using EEPP software and then it
was compared with the standards.
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2 Experimentation

2.1 Experimental Setup

In this study, all the foundry operations were performed in the foundry shop of
Mechanical Engineering Department in Aligarh Muslim University. The time taken
in each task was recorded using the stopwatch and the distances and heights involved
were measured using the measuring tape. The weights were measured using the
digital weighing machining. The task started with the pattern making. The weight of
each part of flask is 8.6 kg. The height of table on which the pattern was prepared is
84 cm. Time taken in making the one pattern is 15 min. The height and weight of the
subject are 178 cm and 80 kg. The distance walked by the subject holding the ladle
and crucible is 10 m and the total weight is 7.8 kg. The crucible and ladle were lifted
from the height of 0 to 89 cm. The time taken in pouring the molten metal into the
mold is 3 min. Before the start of the experiment, the subject was given the sufficient
time to be relaxed. Since this job consists od five different sub-tasks, every task was
monitored and the time was recorded using the stopwatch.

2.2 Experimental Procedure

There are various operations in foundry given as follows.

A. Making furnace ready: For melting metal, furnace is used. The unadulterated
metal, interior waste, outer waste and alloying components are utilized to make
ready the furnace. In this process, the charge is melted, the melt is refined,
adjusted themelt chemistry and tapped into a vessel. Harmful gases and elements
are removed by refining from the molten metal to get rid of all types of casting
defects. To bring the final chemistry into the specified limits, some elements are
added during the melting process.

B. Making equipment ready: Next task is to make equipment such as flasks and
rammer ready on the working table. Each past of flasks has the weight of 8.6 kg
which is lifted from the ground to the table of the height 84 cm and other tools
as well.

C. Mold making: In the casting process, a pattern is prepared in the shape which
is required, as shown in Fig. 1. Some uncomplicated designs can be prepared
in a solid pattern or single piece. The complex designs are used to be prepared
in two parts, given the name split patterns. An upper section of the split pattern
is known as a cope, and a bottom one is drag. To create the hollow areas in the
mold, the cores are used.

D. Lifting ladle and walking: The subject lifted and carried the ladle and crucible
to the working table as shown in Fig. 1(b) and 1(c).
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Fig. 1 a Stoop and hand work; b semi-squat and lift; c carry and walk; d hold and arm work

Fig. 2 Comparison of standard and measured values of energy expenditure rates

E. Poring metal: In a foundry, the metal in the molten state is poured into the mold
as shown in the figure. Nowadays, numerous advance foundries are taking the
help of robots or programmed poring machines to help the pouring of liquid
metal. Molds are poured by simply hands with the help of ladle.
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2.3 Results and Discussion

An outline of the research work studies on human performance using energy expen-
diture related to foundry operations shows that very little or no research work has
been done on this topic. Whereas the foundry business is being enormously used all
over the world. In today’s time, the very large number of the workers are related to
the foundry works. Tables 1 and 2 are showing the energy expenditure rates and task
descriptions for various tasks performed during the foundry operations, respectively.
Table 3 is showing the standards based on energy expenditure level, adapted from
textbook and human factors in engineering [9]. Grades of physical work of the oper-
ations that are formed in the foundry shops can be derived from Table 3, such as task
1 falls under the category of light work, task 2 falls under the category of moderate
work, task 3 is also moderate work and so on. Comparing the energy expenditure
rates obtained in Table 1, using the energy expenditure prediction program to the
standard values from Table 3, it can be observed that energy expenditure rates of all
the tasks are in the range of standard values.

Table 1 Energy expenditure measurement by EEPP software

Task title Cycle
duration
(min)

Task
duration
(h)

Total
posture
energy
(kJ)

Total
element
energy
(kJ)

Cycle
energy
(kJ/cycle)

Task energy
rate (J/s or
W)

Total task
energy (kJ)

Task 1 15.00 0.25 138.82 12.55 151.38 168.05 151.37

Task 2 3.00 0.05 27.61 2.05 29.58 164.56 29.66

Task 3 20.00 1.00 182.42 50.20 232.63 193.84 697.89

Task 4 1.00 0.0167 9.12 1.96 11.08 184.78 11.08

Task 5 1.00 0.05 9.12 3.68 12.80 213.37 38.40

Table 2 Description of task Tasks Description

Task 1 Making furnace ready

Task 2 Making equipment ready

Task 3 Mold making

Task 4 Lifting ladle and walking

Task 5 Pouring the molten metal into mold
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Table 3 Standards based on
energy expenditure level [9]

Grade of work Energy expenditure (J/s or W)

Rest 104.60

Very light work 111.56–174.32

Light work 174.32–348.65

Moderate work 358.65–522.97

Heavy work 522.97–697.30

Very heavy work 697.30–871.62

Unduly heavy work >871.62

3 Conclusion

The World Health Organization (WHO) and the Occupational Safety and Health
Administration (OSHA) consider work related energy expenditure to have multi-
factorial causes. The managers and workers in the present scenario are significantly
worried about the workplace, ergonomics, the nature of work and work related safety
and health. This study presented an effective approach for evaluation of foundry
operations using energy expenditure prediction program. For various tasks, a detailed
report through software was generated for the analysis. On the basis of present study
for discrete and mass production environment, the following concluding remarks are
drawn.

The energy expenditure rate while making the furnace ready (Task 1) for the
use determined by the EEPP software is 168.05 J/. Similarly, in the second task
which is making equipment ready (Task 2) at the table, the energy expenditure rate is
164.56 J/s. The rate duringmold making (Task 3) is determined as 193.84 J/s. During
lifting the ladle and walking (Task 4) task, the energy rate is 184.78 J/. The value
for pouring the molten metal (Task 5) is 213.37 J/s. All these values are in the range
of permissible values. Although these values are within the standard limits but some
ergonomic changes still can be suggested for the redesigning of the posture, process
and system to make the values of the rate of energy expenditure further reduced. For
example, from this study, it is observed that the maximum total task energy is for the
task 3, viz., mold making, in which the subject was in the standing stoop posture. So
in some work place, alterations can be introduced which gives the subject a sitting
posture. Also, for the task 5, viz., pouring the metal, the energy expenditure rate is
maximum, here, some modifications can be done in design of ladle so as to reduce
its weight because it is significantly heavy in this particular case. These changes will
further help in increasing the efficiency of the workers and reduce the risks of the
health hazards.
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Dynamic Analysis of Isotropic Annular
Plate with Eccentric Hole Using Finite
Element Method

Manoj Narwariya, Premanand Singh Chauhan, Avadesh Kumar Sharma,
and Yogendra Singh Yadav

1 Introduction

Sometimes, in annular plate structure, eccentric holes are provided for functional
requirements such as assembling of parts or units, for making passage required for
cables and controlling mechanisms. Presence of holes as well as position of holes in
these components commonly responsible for variation of natural frequency and also
reduction in respective potential. The natural frequency of component with eccentric
holes is predicted to vary significantly from a component with central one. Such
types of plates are mostly subjected to dynamic force which create vibration. These
unwanted vibrations can be minimized to make the careful design. Present anal-
ysis is done to fulfil these requirements. Various studies have been worked out to
analyse the vibration characteristics of annular plates using various methods till date.
Lee et al. [1] analysed free vibration of circular plates containing several holes of
circular geometry. Zhou et al. [2] presented the 3D analysis of vibration behaviour
for thick sector plates under different constraints with the help of Chebyshev–Ritz
technique. Malekzadeh et al. [3] developed a 3D elasticity approach for analysing
modal characteristics of laminated composite plate with annular and circular geom-
etry putted on flexible support using FEM technique. Hosseini et al. [4] studied
the modal analysis for annular plates coupled piezoelectrically of various thickness
using Mindlin plate theory. Mirtalaie et al. [5] investigated the modal behaviour of
thick FG annular sector plates using DQM technique. Saeedi et al. [6] analysed the
free vibration of a circular plate with multiple perforations by using the Rayleigh–
Ritz method. Thakare and Damale [7] did the theoretical and experimental study for
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free vibration of a plate with multiple slots and holes. Boutahar et al. [8] examined
the vibrational behaviour of thin isotropic axisymmetric annular plates with both
edges clamped boundary condition to determine the behaviour of large vibration
amplitudes. Powmya and Narasimhan [9] presented the solutions of free vibration
analysis for axisymmetric laminated, polar orthotropic, annular and circular plates
employing FSDT technique. Khare and Mittal [10] studied the numerical results
for modal characteristics for thick laminated circular plates for different constraints,
i.e., simply supported, free and clamped. Mercan et al. [11] examined the free vibra-
tion analysis of orthotropic composite annular plate using the FSDT technique for
two different kernels. Senjanovic et al. [12] worked out for analysing vibrational
behaviour of laminated plates having circular geometry with number of openings in
the plate area. Rao et al. [13] analysed the vibrational characteristics of annular and
circular plate under different boundary conditions. Behera and Kumari [14] devel-
oped a solution for analysing modal response of isotropic, laminated and sandwich
rectangular plate using zig-zag and third-order theory.

In present work, dynamic response of isotropic annular plates with eccentric holes
are studied using FEM.

2 Modelling

2.1 Geometrical Modelling

Geometry of the isotropic annular plate with eccentric holes is presented in Fig. 1.

Fig. 1 Geometry of annular
plate with eccentric hole
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The dimensions of the plate are:
Outer diameter (D) = 1 m, inner diameter = 0.2 m, eccentric hole diameter =

0.1 m and thickness of plate = 0.005 m.

2.2 Material Properties

Material = steel, mass density per unit area of the plate, ρ = 7800 kg/m3.
Young’s modulus, E = 210 GPa, Poisson’s ratio, μ = 0.3.

2.3 Loading

For modal analysis, an isotropic annular plate with eccentric holes are chosen in this
study. All edges of inner rings of centre as well as eccentric holes and outer ring
of circular plate, have been fixed to all degrees of freedom, i.e., clamped–clamped
boundary condition is used to analyse the plate. For harmonic analysis, the same
plate which is subjected to a pressure 1 MPa is used at the whole area of the plate.
Figure 2 shows an annular plate with clamped–clamped boundary condition.

3 Verification of Present Analysis

In order to accuracy the results, current investigation is primarily validated via
performing the comparison study with available literature of Rao et al. [13] as listed
in Table 1. Natural frequency is compared for isotropic annular plate for different
diameter ratios taking thickness as unity and outer radius is chosen to be 0.1 m. From
this comparison, it has been obtained that results observed close propinquity.

Fig. 2 Annular plate with eccentric holes with outer edge and inner edge clamped boundary
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Table 1 Comparison for natural frequencies of isotropic annular plate for different diameter ratios
with clamped–clamped boundary conditions

References Inner diameter to outer diameter (d/D) ratios

0.01 0.25 0.5 0.8

Present 19.303 22.778 32.744 80.908

Rao et al. [13] 19.625 22.802 32.742 80.653

% error 1.64076 0.10525 −0.0061 −0.3161

4 Numerical Results and Discussion

4.1 Modal Analysis

Modal analysis is done to find the natural mode shapes and frequencies of any
component during free vibration. In this study, the first six modes of frequencies
have been obtained for isotropic annular plate with eccentric holes. The results have
been found for increasing number of eccentric holes. The 0.02 element length is used
to mesh the geometry. Figure 3 presents the first six mode shapes of frequency of
annular plate with outer and inner edges clamped.

The response of increasing number of eccentric holes is shown in Table 2. From
this table, it has been observed that the frequency of the plate increases while
increasing number of eccentric holes.

Fig. 3 First six modes of the annular plate
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Table 2 Response of increasing number of eccentric holes on fundamental frequencies

No. of eccentric holes Mode sequence number of fundamental frequency

1 2 3 4 5 6

No hole 102.25 264.2 264.53 513.58 513.67 566.79

One centre hole 342.12 354.01 356.45 542.43 546.06 879.15

One centre hole and
two eccentric holes

405.7 421.14 484.53 632.19 661.9 961.51

One centre hole and
four eccentric holes

448.88 478.05 482.83 613.65 673.51 948.58

One centre hole and
Eight eccentric holes

478.89 546.15 669.61 857.2 865.49 1089.5

4.2 Harmonic Analysis

The resonant amplitudes have been determined at natural frequency to know the
harmonic behaviour of the plate having number of eccentric holes under clamped
boundary conditions taking the following parameters:

Inner diameter to outer diameter ratio of the plate (d/D) = 0.2 m, eccentric hole
diameter = 0.1 m, thickness to outer diameter = 0.005 m and clamped–clamped
boundary condition is used.

The effect of increasing number of eccentric holes on the resonance amplitude at
its natural frequency is shown in Table 3.

From the study, it has been found that resonance amplitude decreases with
increasing natural frequency as the number of holes is increased. Decrement of
resonance amplitude occurs because of clamping the inner edges of centre as well
as eccentric holes.

Frequency Response Function (FRF)
An FRF is used to present the harmonic behaviour of a component. It identifies the
maximum amplitude of a component. Harmonic response of isotropic annular plate
having eccentric holes for clamped–clamped boundary condition with increasing
number of eccentric holes are demonstrated on FRF.

Table 3 Effect of increasing
number of eccentric holes on
resonance amplitude and
frequency

No. of holes Frequency (Hz) Amplitude (mm)

No hole 102.25 9493.06

One centre hole 342.12 655.417

One centre hole and two
eccentric holes

405.7 585.976

One centre hole and four
eccentric holes

448.88 495.534

One centre hole and eight
eccentric holes

478.89 483.51
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Figure 4a–e shows frequency response function for isotropic circular plate,
isotropic annular plate, isotropic annular plate with two eccentric holes, isotropic
annular plate with four eccentric holes, isotropic annular plate with eight eccentric
holes, respectively. Maximum amplitudes have been observed at natural frequencies
for each type of plates which are listed in Table 3.

5 Conclusions

In this paper, FEM technique is used for dynamic analysis of isotropic annular plates
with eccentric holes for clamped boundary conditions. The effect of increasing eccen-
tric holes was fully investigated. By matching the obtained results with published
literature, the present work is examined and a very good agreement is observed.
From the study, it has been observed that as the number of eccentric holes increase,
natural frequency also increases. A very high amplitude has been found for circular
plate under clamped boundary condition on outer edge only. Resonance amplitude
decreases as number of eccentric holes increase. Maximum resonance occurs at first
mode of frequency.
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(a)                                                                               (b)

   (c)                                                                               (d) 

(e)

9493.06 mm at 102.25 Hz 655.417 mm at 342.12 Hz

585.976 mm at 405.7 Hz 495.534 mm at 448.88 Hz

483.51 mm at 478.89 Hz

Fig. 4 Harmonic response on isotropic circular plate for a No hole, b one centre hole, c one centre
hole and two eccentric holes, d one centre hole and four eccentric holes, e one centre hole and eight
eccentric holes with thickness ratio (t/D) as 0.005, diameter ratio (d/D) as 0.2 and eccentric hole
diameter as 0.1
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Effect of Low Weight Fraction
of Nano-reinforcement on Tensile
Properties of Polymer Nanocomposites

Deepak Soni, Avadesh Kumar Sharma, Manoj Narwariya,
and Premanand Singh Chauhan

1 Introduction

The reinforcing of plastic material by the organic and inorganic fillers is the common
phenomena from last long period. Initially, the fillers are added to the polymeric
materials to cut down the production cost and to lighten the final weight of fabricated
objects. The addition of fillers will have some positive as well as some ill effects also,
i.e., some fillers will have positive effect on some properties while have some adverse
effect on other properties.

To overcome the problem of orthotropic characteristics of the filled plastic and to
have somewhat homogeneous properties, the use of particles of regular and irregular
shape are the area of research of many research groups from last many years. The
filler particles of micrometer size range give very promising results in enhancing
the mechanical properties of composites. The main disadvantage of reinforcing
microsize particles is there higher volume fraction requirement for having marginal
enhancement in mechanical properties [1]. Whereas in case of nanometer size range
fillers, the same level of enhancement in the mechanical properties can be achieved
by relatively low volume fraction of filler content [1].

Fu et al. [1] have a detail review of the effect of particle size, particle content and
particle–matrix interfacial bonding on the tensile and other mechanical properties of
the polymer matrix nanocomposites. The author says that as the size of filler material
reduces to nanometer size range there is increase in yield strength of the composite.
The increment in the strength and modulus of the composites also depend upon
the stress transfer between matrix and reinforcement phase. The volume fraction

D. Soni · M. Narwariya (B) · P. S. Chauhan
Department of Mechanical Engineering, IPS College of Technology and Management, Gwalior
474001, India
e-mail: manoj.narwariya@gmail.com

A. K. Sharma
Department of Mechanical Engineering, Rajkiya Engineering College, Mainpuri, India

© Springer Nature Singapore Pte Ltd. 2021
M. Muzammil et al. (eds.), Recent Advances in Mechanical Engineering, Lecture
Notes in Mechanical Engineering, https://doi.org/10.1007/978-981-15-8704-7_90

729

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8704-7_90&domain=pdf
mailto:manoj.narwariya@gmail.com
https://doi.org/10.1007/978-981-15-8704-7_90


730 D. Soni et al.

content of the filler particles will also have a very significant role in the improvement
of tensile and other mechanical properties of the polymer nanocomposites.

Loos et al. [2] observed a great improvement on properties of polyurethane in
addition of MWCNT in the polyurethane/MWCNT composite. The author showed
that by reinforcing low amount of CNT (0.3% weight fraction), the tensile energy to
break was increased by 38%.

The reinforcement of high stiffness ceramics material also produces promising
results in developing various properties of the composites. Shukla et al. [3, 4] rein-
forced 200 nm thick platelets of alumina in highly cross-linked brittle epoxy ther-
moset processed through in situ polymerization. Though the modulus was improved
by 110% with the reinforcement of as received platelets, but the failure and tensile
strength were reduced.

Clay is also one of the most extensively used filler materials for reinforcing the
polymer matrix. Clay dispersion varies from themicrosize tractoids to the nanometer
size range fully exfoliated dispersion. The clay is basically the layered silica having
the dimension of the stacked platelets in the range 1–2 nm (thickness) and length in
the range of few microns [5–10].

Mallick et al. [5] investigated effects of reinforcing the clay on polypropylene
and polyamide-6 matrix. The composites are fabricated through melt blending tech-
nique and two-percent weight fraction (3 and 5%) reinforcement of the clay was
investigated.

Khan et al. [10] prepared the hybrid CFRP reinforced nanoclay epoxy composite
through hand lay-up technique. The nanoclaywas dispersed in epoxywith high speed
shear mixing followed by hot ultra-sonication. A mixture of intercalation to fully
exfoliation dispersion was confirmed by TEM micrographs. The author reported on
enhancement of more than 10% in both ultimate tensile strength and modulus at 5%
weight content of clay in hybrid composites. The increased fiber–matrix interaction
was main reported cause of increased tensile properties.

The reinforcement of some novel metals was also seen in the literature to form the
polymer matrix composites. Evora et al. [11] have reinforced unsaturated polyester
resin with spherical TiO2 of 36 nm average size in varying volume fraction. The
optimumenhancement in the tensile propertieswas reportedwith 1%volume fraction
reinforcement of the TiO2 in polymer matrix.

Lee et al. [12] did the excellent review on use of various nanocellulose as
reinforced material in polymer composites and discussed the tensile properties of
nanocellulose theoretically as well as experimentally. Bhattacharya [13] compared
for various materials like graphene, clay and carbon nanotubes as nanofillers in
polymer nanocomposites to demonstrate thermal, electrical and mechanical prop-
erties. Anil Kumar et al. [14] demonstrated the various combinations of two filler
materials, graphene and silica in polymer nanocomposite by changing the weight
percentage to analyze the mechanical properties. Ashraf et al. [15] investigated
the role of stiffening efficiency, specific surface area and density of nanoparticles
in polymer nanocomposites. Fu et al. [16] reviewed critically for basic aspects of
polymer nanocomposites.
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Fig. 1 Transmission
electron microscope image
of SiO2

2 Material Used

2.1 Particles (Reinforcement)

Nanosilicon dioxide (SiO2) particles were used in this work. Figure 1 shows the
TEM image of the SiO2 nanoparticles provided by the supplier.

Technical details for silicon dioxide particles:

Nanoparticles: SiO2

Purity: 99.8%
Specific surface: 150 m2/g
Density: 0.05 g/cm3

Particle size: Average diameter in the range of 7–14 nm.

2.2 Weight Fraction of Particles

110 g matrix material is taken in this work and 0.553 g nanoparticles of the SiO2 are
added in the matrix material to be 0.5 wt% by the formula as shown below.

wt% = wp

wp + wm

where
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Fig. 2 Variation of Young’s
modulus with the percent
weight fraction of the
nano-SiO2 particles

wp Weight of particle reinforcement,

wm Weight of matrix.

3 Result and Discussion

3.1 Young’s Modulus

Young’smodulus shows as themaximumability of thematerial to be stretched infinite
time with in the limit. Variation of Young’s modulus of the unfilled epoxy and epoxy
SiO2 polymer nanocomposites is shown in Fig. 2. From the figure, it can be easily
observed that the Young’s modulus of the nanocomposites increases with adding the
reinforcement of 0.5 wt%. The modulus of the 0.5 wt% composites was 3.65 GPa,
i.e., about 8% higher as compared to 3.38 GPa of unfilled epoxy. The increase in
modulus was due to reinforcement of higher stiffness nanoparticles in epoxy.

3.2 Ultimate Tensile Strength

The strength is the capacity of the substance to sustain the stress before rupture. In
case of composites, the strength represents the capacity of the material to distribute
the force between the filler and the epoxy matrix. The variation of the ultimate
tensile strength of the neat epoxy and the epoxy nanocomposites reinforced with
SiO2 nanoparticles were presented in Fig. 3. From the figure, it has been found that
the ultimate tensile strength of the composites containing 0.5% weight fraction of
SiO2 nanoparticles was increased by more than 15% with respect to neat epoxy. The
ultimate tensile strength of the neat epoxy is about 52 MPa, whereas the ultimate
tensile strength of the 0.5%weight fraction of SiO2 reinforced epoxy nanocomposites
is 60 MPa.
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Fig. 3 Variation of the
ultimate tensile strength of
composites with the weight
fraction of SiO2 content

3.3 Failure Strain at Fracture

The main deciding parameter for classifying the material as brittle or ductile is
the strain at failure, i.e., the failure strain. The variation in the failure strain in the
composites with the variation of weight fraction of the SiO2 nanoparticles was shown
in Fig. 4. From Fig. 4, it can be clearly be observed that the failure strain increases
with increase in the weight fraction of the reinforcement. The increase in failure
strain at 0.5 wt% of SiO2 was 33%. The increase in failure strain was due to increase
interaction of the nanoparticles with the polymer matrix and supporting the motion
of polymer chain during the stretching against the tensile load. The increase in the
failure strain also represents the better filler–matrix interface interaction. Thus, the
reinforcement of SiO2 enhances the properties of the epoxy by causing the brittle
to tough transition. As if the material has higher deformation before fracture, it has
higher ductility and less prone to the fracture before showing any sign of plastic
deformation.

The picture of the tensile test fracture specimen is shown in Fig. 5. From the

Fig. 4 Variation of failure
strain at fracture with percent
weight fraction content of
nano-SiO2 particles
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Fig. 5 Broken specimen of
nano-SiO2 particles

figure, it is clear that the fracture in all cases is brittle in nature as expected in case
of thermoset brittle epoxy.

4 Conclusion

The tensile properties of the epoxy nanocomposites and neat epoxy were evaluated
in accordance with ASTM standard D-638 by molding the dog-bone specimens
directly by using vertical acrylic molds. The results show that the addition of SiO2

nanoparticles contributes significant improvement in the elastic modulus, ultimate
tensile strength and failure strain of the SiO2 epoxy nanocomposites. The increment
in elastic modulus, ultimate tensile strength and failure strain is 18%, 15% and 33%,
respectively.
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