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Preface

With growing concerns about climate change and environmental degradation,
sustainability has become a strategic priority for organizations around the world.
Governments, consumers, and investors are now pushing automotive organizations
to change their ways of working, culture, and products. So, where does the industry
stand today in terms of its sustainability initiatives and what does the future hold?

International Conference on Advances in Sustainable Technologies (ICAST
2020) organized by Lovely Professional University, Jalandhar, Punjab, India, from
November 6 to 7, 2020, aimed to answer this question and provide a leading forum to
the scientists, researchers, academicians, industry professionals, and students across
the globe for sharing original research contributions and practical developments in the
field of mechanical engineering and sustainable technologies. The conference also
provided an opportunity for national and international experts and industry leaders
to share their experiences and success stories. [CAST 2020 played a key role to set
up a bridge between academia and industry.

Due to the prevailing COVID-19 pandemic, the conference was organized virtu-
ally and hosted around 500 participants from India and across the world to exchange
their scientific ideas. During 2 days of the conference, researchers from academia
and industries went through various scientific brainstorming technical sessions and
presented their most recent cutting-edge discoveries. This conference also provided
a scope to establish a network for joint collaboration between academia and industry.

This book brings together the collection of cutting-edge research articles presented
in ICAST 2020. This book, which caters to the industrial and production engi-
neering aspects, will serve as a reference guide for researchers and practitioners
and is expected to foster better communication and closer cooperation between
academia and industry partners. It encompasses industrial and production engi-
neering areas such as sustainable manufacturing systems, additive manufacturing,
decision sciences, logistics and supply chain management, composites, micro-
/manomaterials, operations management, simulation, computer-aided engineering,
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rapid prototyping, manufacturing management and automation, metrology, manu-
facturing process optimization, machining and machine tools, casting, welding, and
forming.

Allahabad, India Prof. (Dr.) Avanish Kumar Dubey
Jalandhar, India Prof. (Dr.) Anish Sachdeva
Jalandhar, India Dr. Munish Mehta
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A Comparative Analysis of Different )
Techniques of Thermal Barrier Coating e

Priyanka Sharma, Vijay Kumar Dwivedi, and Dipak Kumar

Abstract Numerous methods are used to put the ceramic material upon the substrate
to form a film of the insulating material over it which is named as the thermal barrier
coating to increase the life of the component and to reduce the pollution if applied
in engine components. The coating is done to fulfill certain flaws of the substrate
and to provide the surface that has the tendency to take the high temperature during
operation. Also, thermal barrier coating is used to reach the higher efficiencies for a
particular device like engine. The objective to enhance the efficiencies is to provide
a substitute that can decrease the use of conventional resources like, fossil fuels. In
this study, distinct techniques for the deposition of thermal barrier coating have been
compared on the basis of their characteristics and forte. The methods are presented
with their properties in this paper. It is not necessary that same method is used
for the deposition of the top coat as well as the bond coat but there can be two
different methods based on the requirement of the coating. The techniques used for
the deposition not only affect the life of the thermal barrier coating but also the life of
the component. So, the merits and demerits are compared for the different techniques
in the present study.

Keywords Thermal barrier coating - Coating techniques - Air plasma spray *
Pollution
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EB-PVD Electron beam-physical vapor deposition
HVOF High velocity oxygen fuel
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KSC Kinetic spray coating
TBC Thermal barrier coating
TGO Thermally grown oxide
YSZ Yttria stabilized zirconia

1 Introduction

The heat in the engine or turbine is need to be trapped within the operating compo-
nents to fulfill the requirement and for getting highest efficiency. The barrier that is
provided to the heat flow in the form of a film of insulation over the substrate material
is termed as thermal barrier coatings [1, 2]. The substrate is the base material of the
object or the component of a particular mechanical device which is normally metallic
in nature. Thermal barrier coatings are mainly applied to the parts of a heat engine
and gas turbine to maintain the operating temperature. The purpose of application
of thermal barrier coating is exhaust heat management [3]. The structure of a typical
thermal barrier coating is shown in Fig. 1.

The main properties of thermal barrier coatings cover the following points, low
thermal conductivity, low thermal diffusivity, strong adherence to the base metal,
phase and chemical stability, thermal shock resistance during thermal cycling and
protection from oxidation and corrosion. Due to the low thermal conductivity and
high thermal expansion coefficient, the most amply material used for the thermal
barrier coating is Yttria stabilized zirconia (YSZ) which is ceramic in nature and is
used as top layer of the coating [4-7]. YSZ embodies 7-8% of Y,0O3 by weight and
the thickness of top coat is approximately 125-500 pm. But the layer between top
coat and substrate is known as the bond coat, and this is metallic in nature that has
thickness 50-125 pwm [8].

Another main point of consideration is the method of deposition of thermal barrier
coating. The points of consideration for the deposition methods have been provided
in the following text [3].

e Particle velocity
e Powder size

e .

Substrate




A Comparative Analysis of Different Techniques of Thermal ... 3

® Process and feedstock
e Flame temperature.

To get the more bond strength and better adhesion, the particle velocity should
be of higher range and the feedstock, and process plays an important role in the
better bond strength and thickness of the coating. To get the incremented value of
the hardness and wear resistance of the coating, there must be the lower range of the
powder size of the coating material. Now, for the appearance of the coating, flame
temperature should be high which is important for the fine appearance of the top
coat.

The microstructure of the coating influenced by the following parameters [9],

Torch current

Plasma gas flow rate
Carrier gas flow rate
Torch transverse velocity
Stand-off distance
Material size

Material temperature
Material velocity.

2 Various Techniques of Coating

Numerous techniques for coating are being used for deposition of the top coat and
bond coat on the metallic substrate. Thermal spray coating is most extensively used
method for obtaining the thermal barrier coatings, and it is broadly classified as
follows,

e Atmospheric plasma spraying techniques (APS)—Used for dense coating and it
is the most extensively used method for the deposition of top layer in thermal
barrier coatings.

e High velocity oxygen fuel (HVOF)—Used to get high wear resistance, corrosion
resistance,, and erosion resistance, and it is most extensively used method for the
deposition of bond coat (middle layer) in thermal barrier coatings.

On the basis of source of heat, the classification of thermal spray is given in flow
chart in Fig. 2.

Also, some techniques are based on the diffusion which is also termed as pack
cementation coating and it includes,

¢ Liquid state diffusion—predominantly used to obtain the coating in case of zinc,
chromium, and copper substrate.

e Chemical vapor diffusion (deposition)—Used to obtain the thin layer over
the surface of the substrate and the substrate for this type of technique is
semi-conductor.
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Fig. 2 Flow chart representing the types of thermal spray techniques [10]

Now, some techniques are also used, and they are, physical vapor deposition
(PVD), magnetron sputtering coating, nickel dispersion coating, and electric arc
wire spray coating.

2.1 Atmospheric Plasma Spraying Technique (APS)

The most cosmopolitan techniques to obtain the insulation coating that is thermal
barrier coating over the metallic substrate are the conventional atmospheric plasma
spraying technique [6, 7, 10—15]. It is one of the methods of thermal spray techniques
that includes the spraying via plasma. In this techniques, inert gas extensively argon
is used to generate the plasma by super heating the inert gas through DC arc [9, 10].
Also, a combination of argon and hydrogen gas is used to create plasma. The ceramic
powder is sprayed over the substrate with help of a commercial gun. To operate the
gun, 20-200 KW of the power is required [16].

The ionization of the inert gas is done between the anode and cathode through a
high voltage that is pressurized through a particular nozzle, and then from the nozzle,
it regains its previous state with high amount of heat energy [17]. At this time, the
ceramic material for the coating is supplied to the arc in the form of powder so that
arc can be able to melt the particles and project it well over the surface of substrate
and consecutive splats of ceramic material are obtained on the metallic substrate only
in one go, and hence, thickness can be increased by incrementing the number of pass
[3]. The schematic diagram for the atmospheric plasma spraying coating as shown
in Fig. 3.

The material of anode and cathode is copper and tungsten, respectively. Also, the
argon gas can be replaced by nitrogen and helium depending upon the requirements of
the coating. As the arc is having very high energy of heat so it can melt high refractory
metal like tungsten and ceramic material like zirconia. The plasma coating when done
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Powder Injection Coating
+Carrier Gas
Powdcr
Trajcclory
g —»
8 4\_—
o
g Cathode s
= — :
Anode Substrate
Plasma Torch i Stand-off Distance =

Fig. 3 Schematic diagram of atmospheric plasma sprayed coating [17]

Fig. 4 Laminar structure of
APS [18]

in a closed chamber that is free from air is known as vacuum spraying coating, and
it is done at low pressures having range 0.1-0.5 atm [10] but for oxidation sensitive
material like titanium, VPS is preferred over APS.

Merits. The coating obtained is dense and strongly adhesive in nature [3]. The
porosity in case of APS is comparatively low that is only 10-20% [18]. Also, the
coating is cheap enough that there is a less effect over the price of the component.
The microstructure that is obtained by this coating is laminar in nature as shown in
Fig. 4.

Demerits. The thermal conductivity of APS coating is comparatively low that is
of the range of 0.8—1.1 W/m K [19]. Also, there is a problem of the oxidation of the
metallic powder in case if the material of the coating is metallic in nature.

2.2 Electron Beam-Physical Vapor Deposition (EB-PVD)

The coating technique which is responsible for the deposition of any type of coating
material is electron beam-physical vapor deposition (EB-PVD) [20]. In engines and
aero-engines, EB-PVD has found a wide application, and also, this coating is exten-
sively used in the gas turbines [18]. The arrangement for the setup used in the EB-
PVD techniques is strenuous as compared to any other technique. An electron beam
is originated by an electron gun at the high temperature of 2000 °C and the gun
can be of type of electromagnetism deflection gun or pierce gun [20]. The beam
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Fig. 5 Schematic diagram
of EB-PVD

Substraic

-—?' Noider
SubsIae

of highly accelerated electrons is directed toward material in the ingot, then there is
melting of the material that is going to deposit on the metallic substrate in the form of
vapors. The system of the EB-PVD techniques is having guns that is four in number
from which one gun is used to raise the temperature of the metallic substrate and
remaining three are there to heat the material carried in three ingots. To obtain the
uniform thickness of the coating, two sample fixtures are utilized that also distributes
the temperature uniformly over the substrate. Also, one pre-vacuum chamber and one
simple chamber are there in the arrangement. The complete device and schematic
diagram are shown in Fig. 5.

Merits. The surface roughness of the coating obtained by this method is of the
order of 1-2 pm which says that the smooth surface of the coating is obtained [20].
The rate of deposition is high, and hence, the adhesion is strong as compared to other
techniques due to the fact that process parameters of the system can be handled and
controlled easily [20]. The life of this coating is more as compared to that of APS
[18]. The microstructure that is obtained by this coating is stress concord at high
rates which is columnar in nature as shown in Fig. 6.

Demerits. The inner surfaces of the specimen are hard to coat by this type of
technique. If the pressure become less than 1.3 x 10~* hPa, then formation of the
cloud of vapor is there on the surface.

Fig. 6 Columnar structure
of EB-PVD [18]

2-511
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2.3 High Velocity Oxygen Fuel (HVOF)

As the name signifies, in HVOF coating, the use of fuel that can be hydrogen, propane,
acetylene propylene, or kerosene along with the oxygen gas is used [2, 10] that is
allowed to burn in the gun to obtain the flame under high pressure. Also, the kinetic
energy of the material is very high due to the reason that the mixture of oxygen, fuel,
and coating material is having the high velocity that has Mach number greater than
5 and hence considered as the supersonic flow [2, 10]. The material is in the semi-
molten form that is further melted and passed through the nozzle [3]. The temperature
of the flame is of the range of 2500-3200 °C [10].

The equipment of the HVOF consists of a gun having three inlets that is used to
mix the fuel gas, coating material and oxygen gas in the mixing chamber and then the
mixture is allowed to burn in the separate chamber termed as combustion chamber.
The nozzle is used to direct the mixture after combustion toward the substrate. The
schematic diagram is represented in Fig. 7.

Merits. High wear and corrosion resistance are obtained in HVOF technique, and
also, the coating obtained by this method is highly dense that has porosity below
0.5% [2]. The microstructure that is obtained by this coating is lamellae elongated
that is in the direction along the substrate as shown in Fig. 8.

Demerits. The coating is not economical but is expensive as compared to other
techniques. Also, the narrow size particles have to be used in the process, and the
completed process is automated.

Combustion Chamber

Cooling water

__ Shock Diamonds Inlet

Fuel Gas
Powder with
carrier gas

—
Oxygen Supply

Cooling water
Outlet

Coating

\ Base Metl or

Substratc

Fig.7 Schematic diagram of HVOF

Fig. 8 Lamellae structure of
HVOF [21]
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Coating
Powder Feeder|

Gun

Gas at high
Pressure

Gas Heater

Fig. 9 Line diagram of apparatus of kinetic spray coating

2.4 Kinetic Spray Coatings

The unconventional technique used to deposit the coating material over the substrate
in which the powdered coating material is accelerated with the help of the high
velocity of a particular gas is termed as the kinetic spray coatings. The range of the
velocity that is used to accelerate the material is of the order of 300-1200 m/s [22,
23]. The coating has found various applications in the fields of automobile, defense,
and aviation industry [23]. This is due to the fact that the coating provided by this
method has low residual stress, low porosity, and low oxide [22, 23].

The kinetic energy of the depositing powder is the main depending factor of this
processes. Da Laval-type nozzle is being used to incident the powdered material over
the substrate [23]. The line diagram of the arrangement of the setup of the kinetic
spray coating apparatus is shown in Fig. 9.

Merits. Low porosity, low residual stress, and low oxide. Also, it is the type of
solid spray coating technique so it has different properties as compared to other
conventional coatings [24].

Demerits. Low ductility is there in the coating due to the fact of plastic defor-
mation. Splat formation is also there in the coating due to the high kinetic energy
[24].

2.5 Comparison Between the Techniques of Coating

The following table shows the comparison of different techniques of thermal spray
based on the hardness, bond strength, and the thickness of the coting.
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Table 1 Comparison of techniques of thermal spray coating process [3, 25]

Property Coating type | APS Electric arc | HVOF KSC
Bond strength [MPa] Ferrous 34> 41> 62 13-23
Non 34> 41> 70 -
Ferrous - - 62 -
Ceramics 21> - - -
Carbides 55-69 - 83> -
Hardness [HRC] Ferrous 40 40 50 45-49
Non 40 80 HRB 55 -
Ferrous - - 60 -
Ceramics 50-70 - - -
Carbides 50-60 - 65 -
Coating thickness limitation [mm] | Ferrous 1.25-2.5 | 1.25-2.5 1.25-2.5 0.5
Non-Ferrous | 1.25-5 1.25-5 1.25-5 0.5
Ceramics - - 1.25 0.5
Carbides 0.4 - - -
0.4 - 0.6 _

3 Conclusion

Various methods for the deposition of the thermal barrier coatings have been studied
in this review that provides the basic idea about the various coating techniques
(conventional and unconventional). It is found that HVOF techniques are the most
suitable method to obtain the coating due to the following reasons:

The coating obtained by HVOF is dense as compared to APS and EB-PVD as its
porosity below 0.5%.

From Table 1, it can be seen that the bond strength of HVOF is more than that of
other coating techniques (APS, EB-PVD, and KSC) that is 62-83 MPa or more
than that in case of carbides.

The value of the hardness is more in case of HVOF that is of the order of 50—
65 HRC as compared to other three coating techniques.

The thickness for APS, EB-PVD, and HVOF coatings is comparatively equal that
is 1.25-2.5 mm in case of ferrous material but the coating thickness in case of
KSC is comparatively less that is of the order of 0.5 mm. So, it was observed the
HVOF has comparatively more merits than other techniques of coating.
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A Review on Post Additive )
Manufacturing Techniques to Improve L
Product Quality

Bhaskar Pandey and Rupesh Chalisgaonkar

Abstract Since past three decades, direct printing of parts for various applications
by the use of 3D-printing technology has gathered a lot of attention. However, many
issues remain with the widespread applications of 3D-printed materials such as regu-
latory issues, sterile environment for part production, and the improvement of mate-
rial properties with the desired structure. This article focuses on review of various
post additive manufacturing processes to improve mechanical properties such as
storage modulus and Young’s modulus and surface roughness. A heat treatment
process after 3D printing was also discussed as potential method to achieve better
mechanical properties by optimizing the crystalline structure of material. It was also
reviewed that traditional AM technique produces products at a rapid rate and with
minimum waste of materials and post processes could improve the surface finish as
well as structure with higher strength in three dimensions.

Keywords Additive manufacturing processes < 3D printing - Mechanical
property - Surface finish heat treatment

1 Introduction

Additive manufacturing (AM) technologies are nowadays have importance in indus-
tries (construction, prototyping and biomechanical) and in research field. Rapid
prototyping which involve possibility of realizing objects of complex shapes is
shifting conventional manufacturing techniques to produce customized products. 3D
manufacturing system has benefits over conventional techniques in terms of over-
producing products with complicated profile, high precision and accuracy, material
savings, design flexibility and personal customization. Fused Deposition Modeling
(FDM) is one of the most common AM methods due to user handy, economic and
able to use conventional thermoplastic polymers such as PLA, ABS, and Nylon
[1]. Three-dimensional (3D) printing technology has also potential to use products
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in biomedical field including engineering scaffolds, implants, printing tissues and
organs, etc. The 3D printing has reduced the additional expenditure involved in
the process of developing a product. FDM method is very common method of 3D
printing which uses a continuous filament of a thermoplastic polymer to print layers
of materials (Fig. 1a).

The filament is heated at the nozzle so that material will convert into semi-liquid
state and finally extruded on the platform in a manner of layer by layer deposition
to transform into final product. Material should be having higher degree of thermo-
plasticity so that it could fuse easily during printing. The main process parameters
which affect the printed part’s mechanical properties are thickness of the layer, width
and filament orientation and air gap (in between or even the same layer). FDM
process is economic, rapid and simple process but having disadvantages such as
poor mechanical properties and poor surface quality. This paper reviews the various
researches done to improve the mechanical properties and surface finish after 3D-
printing process [2].

2 Temperature Effect on 3D-Printed Parts

Perfect 3D-printing temperature for material used such as PLA (polylactic acid) does
not exist and various trial and errors are carried out to achieve the perfect PLA print
temperature. Printing temperature impacts on the quality and effectiveness on 3D-
printed product. An optimal range of temperature should be selected before starting
3D-printing process. Coppola et al. [1] investigated the prominent effects of temper-
ature in the 3D printing of PLA/clay nanocomposites in additive manufacturing
applications.

The two specimen names as Dog-bone and prismatic specimens were manufac-
tured using the technique of fused deposition modeling at three varying tempera-
tures. The temperature was increased in certain range from melting temperature to
higher temperature as (185-200-215 °C) for PLA 4032D and (165-180-195 °C) for
PLA 2003D as raw materials. The specimens were further tested for tensile strength
according to the varying nozzle temperatures. The other mechanical properties such
as young’s modulus (E), elongation at break (eb) and tensile strength (o) were also
measured. It was found that the samples with nanocomposites have higher modulus
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of elasticity as compared to pure samples of polyacitic acid (PLA) for all the printing
temperatures in his experiments. An embrittlement was found to be increased as
nozzle temperature increases in given range for both PLA/nanocomposite speci-
mens printed by FDM technique. Storage modulus variation was studied in defined
range of printing temperature of PLA 4032D and PLA 2003D. The study revealed that
storage modulus starts to decrease with rising print temperature for PLA 4032D while
increases at increased temperature. The study revealed that printing temperature
should be selected in correlation with the melting temperature [1].

It was also observed that the perfect adhesion of any printed sample to its printing
bed was also affected by temperature variation and was achieved by heating the
printing bed to temperatures slightly above the TG of the filament material for mate-
rials such as PLA. The simple reason behind this was that when the temperature
is increased above the filament’s TG it leads to a reduction of the surface tension
between the printing bed and the printing material apart from it larger contact area is
created which gives better adhesion between the bed and the filament. Strong increase
in the adhesion force was also reported as printed bed temperature increases. It was
observed that higher printing temperature generates a contact angle of low value as
compared with the samples at lower temperature which results in more adhesion
[3, 4].

3 Reason of Porosity and Affective Measures

In additive manufacturing density is defined as the pores development during the
layering of the product. Although maximum number of products produced generally
attain a density over 99.5% after 3D printing but repeatedly obtaining same density
in manufactured products is undoubtedly challenging. The problems occurred due
to porosity in a material was that it adversely affected the strength and reduced the
resistance to impact of the product manufactured. Apart from it due to high porosity
cracks, it generates or propagates faster whenever stress are generated during the life
cycle of the product leading to its complete failure. Therefore porosity is a negative
factor for finished product in 3D printing. Several researches have been done to
minimize the porosity of the material.

Internal pores might be existing in 3D-printed specimen. X-ray computed tomog-
raphy (XCT) technique might be useful to find out the details such as size, shape, and
porosity. It was evident that the main parameters that were influenced the porosity of
3D-printed products were the thickness of the wall of specimen and extrusion thor-
ough nozzle and G-code optimization of these parameters. It was found that larger
the extrusion multiplier the porosity reduced significantly consistently. Whereas Wall
thickness in the 3D-printed process allowed for an diagonal internal filling.

Further in some studies, the effect of porosity and crystallinity was studied in 3D-
printed samples. It was found by specimen morphology that the pores intensity is
more in the top and middle layer of 3D-printed specimen. It was suggested that thinner
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samples in conjunction with low build temperature lead to improved mechanical
properties with higher degree of orientation [5].

Porosity is equally important in additive manufacturing or 3D printing of biomate-
rials as porosity along with size of pore of biomaterial scaffolds are crucial parameters
which affect the quality and rate of bone formation. Lower porosity stimulates the
process of osteogenesis by reducing cell proliferation phenomena and enhancing
cell aggregation. Enhanced porosity tends to improve the growth in bone. Size of the
pore shows its affect on the progression of osteogenesis due to vascularization, major
experimental results show that small pores favored hypoxic conditions and induced
osteochondral formation before osteogenesis and on the other hand large pores had
been well-vascularized lead to direct osteogenesis without osteochondral formation
[6].

Increased porosity in controlled manner of 3D-printed parts may be beneficial
in case of biomedical implants. Minas et al. [7] incorporated large pores on top
layer which resulted in better healing process. 3D-printed biocomposites consisting
of higher porosity introduces a hygroscopic property which increases to retain the
water.

4 Surface Roughness Affects and Measures

Surface roughness is defined as the variance or irregularities in a surface topology.
Surface roughness details and specifications are important and crucially required
information in any engineering design as it determines the life of the product and
usability. Metal Additive Manufacturing (AM) processes although takes some care
of the surface roughness but usually fails to meet the precise surface roughness
requirements. This makes it necessary for some expensive post-processing techniques
such as machining or polishing. Surface roughness capabilities of metal AM, post-
processing techniques and their associated time and cost should be considered to
select the optimal manufacturing workflow.
Surface roughness of Metal AM parts have three major contributors that are

Surface irregularities due to layering effects and low process resolution,
Granular micro-surface textures from melting and binding powder feedstocks,
Support structures and the remnants and surface marks left by their removal.

The main process parameters that generally affect the surface roughness of AM
product are speed of printing, power, built part, and cooling rates.

Several studies show that the layer height with wall thickness is critical factors
to be selected for optimum surface roughness. The surface roughness is decreased
when height of the layer and product wall thickness are increased simultaneously
or individually in FDM technique. It was recommended to use lower levels of layer
height, staircase effect and also wall thickness to reduce surface roughness. The
parameter selection should be also based on the size of the nozzle extruder [8].
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Improving the surface roughness can be really easy and can be done without
making any major changes in the main processing or post-processing techniques
simply by optimizing the design which includes geometry and orientation of the
parts and supports. Therefore implementation and making of most optimized design
is the most effective way to control surface roughness.

A new post-processing method has been reported for 3D-printed thermoplastic
parts which are also called constrained remelting. The improvement in the surface
roughness and mechanical strength of the 3D-printed parts was reported. A 3D-
printed PLA sample was inserted in a profiled mold insert with a negative shape and
was then heated to near the melting temperature with additional thickness. Remelting
conditions, the remelting temperature and initial thickness were investigated in terms
of the surface roughness and tensile strength. The results showed that remelting at
160 °C along a 4.0 mm thickness could improve surface finishing. [9, 10].

5 Warping

The major effect of wrapping is the upliftment or rising of the deposited metal at
the ends this is caused due to rapid cooling of the material. During rapid cooling
the material contracts quickly and results in the above problem. Warping also results
in formation of cracks in the print. The main reason for this problem is that the
temperature difference between the layers of extruded product is significantly large,
which creates tension within the product and consequently the lower layer start to
lift up or drag. Easy solution to this problem is to just keep the entire printed product
at the same temperature. But this is a nearly impossible task therefore several ways
have been devised to overcome wrapping such as adjusting bed temperature, using
bed adhesion tools, and setting optimum enclosure temperature.

Alsoufi and Elsayed [11] found that extruded PLA + filament deposited onto
the non-heated platform by moving a printing head in a user-defined pattern, such
as to achieve the desired final 3D shape. It was evident that the optimum value for
temperature of the nozzle was nearly 220 °C with minimum warping deformation of
477 £ 0.12 mm at 15 mm/s printing speed. The accuracy of arrangement resulted
in a small percentages error of about 4.55%. The result of the validation process
showed that there was a significant improvement in warping deformation in each
case by reaching 0.4% error.

It was also found that the printed products with 90° edge also showed less wrapping
deformation. Another study says that it is found effective to use a enclosure or
enclosed 3D printers. Although it makes it a little costly but helps prevent defects
like wrapping and clogging of nozzle therefore properly maintaining the enclosure
temperature should be considered as a crucial step.

Heating bed during printing is also one of the main solution to eliminate wrapping
completely. The core idea is to keep the first layer heated and not let them cool quickly.
This helps the initial layers to remain in contact with the build plate thus avoiding
warping [12].
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6 Quality Methods

Since roughness and layer line are mostly present of the FDM-based products
therefore for smooth surface post-processing becomes crucial. Some of the post-
processing techniques not only adds strength to prints but also helps to reduces the
anisotropic behavior of it. One of the common methods is to annealing the produced
part. Slavkovié et al. [13] studied the mechanical properties of 3D-printed polylactide
acid SMP material. Annealing treatment and printing directions were considered and
found to have significant impact on elastic modulus and ultimate strength of material.
Annealing at 75 °C increased tensile and compressive strength compared to as-printed
SMP tested at room temperature. It is probably due to annealing effects resulting in
residual stress relief and crystallinity stronger layer bonding which causes changes
in the properties of 3D-printed products.

Electrode position-based AM technique improves the deposited metal qualities
and eliminates limitations and improving horizontal and vertical resolution. Electrode
position has the quality of producing films in vertical resolution at a sub-nanometer
range [14]. Electroplating is also considered as a good post-processing technique
as it can improve the strength of the product but also gives a fined surface finish
enhancing the look of the final product. Materials that can be easily electroplated
include ABS.

It was found that if titanium alloy is produced using 3D printing in traverse
direction as compared to longitudinal direction then mechanical properties such as
tensile strength and ductility could be improved [15-17]. Same observations were
identified for alloys, ceramics and polymers [17—-19].

7 Crack Detection in 3D-Printing Process

Cracking is caused due to deformation in higher layers after printing process. The
stress caused between two layers tends to deform the layers due to which crack is
initiated in the object.

Patterson AE [20] studied the most affected areas on which cracks could initiate
and hence grow in 3D-printed materials.

(1)  Cracking caused by faulty print process.

(2) Cracks initiate in the shell and proceeds toward relatively low dense areas of
3D-printed part. The other attributes caused of cracking is also due to rapid
material cooling and residual stresses induced.

(3) Cracking and delamination of parts have been also reported which are printed
into full density parts. This is generally caused by residual stresses and concen-
trations in the part after printing. Effect of residual stresses on full density parts
is prominent more severely than partially filled parts.

Materials having higher rates of shrink develop more cracks after cooling. It was
also found that the cracks stay without further escalation till any external source
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(a) (b)

Fig. 2 a Surface defect crack. b Shell defect crack. ¢ Delamination [20]

acts or imparts energy on the product. Zolfagharian [21] did experimentation using
centrally positioned notches with Nylon 12 filament and PA12 nylon powder to
produce 3D-printed specimens. This printing technique was found to be effective
for improving tensile behavior. MJF (multi-jet fusion) and FDM (Fused Deposition
Modeling) was compared in terms of structural integrity, elongation and toughness.
FDM process was found to be most suitable as compared to MJF considering all
mechanical properties.

Layer height should be 20% smaller than the nozzle diameter selected as reported
in one study. If the layer height exceeds the limit then improper bonding of each
layer of plastic may result. For avoiding cracks during 3D-printing process print
temperature should not be too low and print speed should be controlled properly as
it should not be in higher range [22] (Fig. 2).

8 Material Selection

The applications of additive manufacturing are widespread and escalating at a rapid
rate; therefore, the choice of material for different application becomes important for
a efficient three-dimensional printing process. Generally, 3D-printing process begins
with melting of the metallic feedstock for which usually an electron beam or a laser
beam is used and after that a solid part is obtained layer by layer. Many materials
such as alloys of steel, aluminum, magnesium, cobalt, nickel and titanium along with
pure titanium are considered good for a 3D-printed product. Titanium and its alloys
are used widely in many industries and workplaces such as aerospace and biomedical
fields because of its high performance but the machining cost of titanium is high.
Various steels such as austenitic stainless steels, precipitation harden able stainless
steels, maraging steels are commonly used in AM. These alloys are used to obtain
high strength and wear or scratch resistance that is hardness conditions. Aluminum
compared to titanium is used very less in 3D manufacturing but they are easily
machinable and cheaper compared to titanium. Due to high thermal conductivity
of aluminum, the residual or internal thermal stresses are reduced that allow faster
production. Further, magnetic properties are required in areas like aerospace, etc.;
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therefore, such material are also prepared in 3D printing, and studies are being done
on magnetic alloys such as NiFeV and NiFeMo. Although a vast variety of metals
and their alloys are being used in this printing, majority of the alloys do not fit
good in the process of 3D printing due to melting and rapid solidifications. Additive
manufacturing is now also used in the construction process but here it depends on a
large nozzle size and concrete properties like good extrusion strength and cohesion
among concrete particles. Although a vast variety of material are used in AM process,
polymers are most widely used. In general Metals and alloys are used in aerospace,
automotive. Polymers and composites are used in Aerospace and Automotive, Sports,
Medical, Architecture, Toys and biomedical. Ceramics in chemical industries and
aerospace and concrete in infrastructure and construction [2, 23, 24].

9 Conclusion

3D-printing technique has various advantages over the convention methods like faster
production, less tool requirement, accuracy and it is much economic to use. Although
FDM generally used ceramics as printing ink but nowadays metals, alloys and even
concrete are used for the same. The process suffers from main disadvantage of poor
mechanical properties and surface finish. It was found that printing temperature was
playing a important part to attain higher mechanical properties such as Young’s
modulus (E), net deformation at break (eb), and elastic or tensile strength (o). Even
selecting a temperature higher than the TG of the material resulted in a better material
and bed adhesion which is desiray. If larger extrusion multiplier values (sometimes
as large as possible) are used then porosity could be reduced. In 3D printing, internal
diagonal filling should be allowed in wall thickness. Some research recommends a
low or reduced value of wall thickness, a decreased height and stair casing effect
reduce surface roughness. Remelting is another post-processing method which has
been found to improve the surface roughness and mechanical strength of the 3D-
printed parts. Several methods such as adjusting bed temperature, using bed adhesion
tools, and setting optimum enclosure temperature have been found to overcome
wrapping problem. Annealing treatment and printing directions were found to be
vital important for improving mechanical properties such as elastic modulus and
ultimate strength of material. The various research conducted focuses on to improve
the surface and mechanical properties of 3D-printed product. Future research could
lead to a stage where we can perform AM in a manner without producing the common
defects and even eliminating processes like heat treatment which will definitely
reduce the cost of production and eventually reduce the production time. But for
now, working with metals, ceramics or alloys is still a challenge with the present
technology of AM.
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A Review on Various Types of Burr m
Formation in Drilling i

Vijay Kumar Dwivedi and Anas Islam

Abstract The process of drilling is commonly employed in the processes involving
the complex manufacturing processes. Burr exists in almost all these process whether
it be drilling, milling or any kind other kind of manufacturing operations. The burrs
that are generated on any of the component (part) may lead to several unwanted
effects: practically like not having any proper contact between the members that are
the carriers of currents and also the irregular arrangements between the contacted
surfaces of the components. Burrs could also be injurious while performing some
machining operations since they can be responsible for creating the wear of groove
of the cutting edges. Subsequently, it is necessary to understand those elements that
influences the arrangement of burrs at the exit of the openings in drilling operations
in order to decrease the burr size at the site of their generation. The central target of
this review research work is to complete the previous several years in this significant
theme. The paper remember the conversation for the burr development in different
drilling procedure improvement, impacted by the cutting conditions and the drill
geometry during penetrating of different sorts of work materials, utilizing turn drills.
The drilling improvement is performed to decide the ideal benefits of cutting pace,
feed, point edge and lip angle of clearance for a predefined drill distance across that
at the same time limit burr size, to be specific, burr height (tallness) and thickness of
the burrs.

Keywords Burr formation - Process parameters * Uniform - Transient - Crown

1 Introduction

The formation of burrs in the processes like milling, drilling, grinding and turning
or engraving is one of the main issues that is encountered while going through
(manufacturing) the precision engineering components and producing in the in bulk
quantity. Burrs are of several different kinds that minimize the quality and also affect
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the precision of the products. Thus, it will further increase the deburring costs up to
a significant amount that is incurred in the overall costs of the manufacturing [1].
Exit burrs formation on the edges of parts while drilling, contains several unwanted
features with respect to the quality of the product and also affect its functionality. No
tools for deburring are available when the formation of the exit burr takes place inside
a cavity. Some special types for tools should be used in order to do deburring in such
places; this will increases the cost involved in deburring. Generally, the process of
deburring is done by manual methods as there are several problems arise for making
an automation system of removing of burrs (deburring). The difficulties that are
involved in the automation of deburring are: the automation may cause the damaging
of the edges of the work piece; thus, the work piece might be rejected and the overall
incurred cost may get increased. It might likewise cause significant expense in edge
completing of accuracy parts. The burrs are undesirable as they minimize the finishing
and also interfere in assembling the subsequent parts; such kinds of interference
may also results in the misalignment and can cause the jamming when put into
practice [2]. There are certain reliability issues that degrade the precision of these
involved parts. In present day manufacturing processes, accuracy in the precision of
parts requires more attention regarding both of surfaces and dimensions of diameter
the across, with exceptionally close resiliencies. High calibre and decisively items
ought to be made as per the designed plan measurement with low assembling and
creation costs. To accomplish these objectives, the assembling procedure ought to
be comprehended and its boundaries should be limited [3, 4]. The traditional ways
of manufacturing like metal forming, machining, castings and injection mouldings.
Drilling is considered as one of the widely practiced operation among several methods
involved in machining. Industries like automotives and aerospace commonly uses
the process of drilling. Burr is responsible for creating the dimensional errors that
take place mostly while the drilling operation is being performed. Nearly all the
machining processes give rise to the formation of “burrs”. The burr may be defined
as the material that is extended out of the work piece while doing the machining
operations. Burr may also be called as the material that is deformed plastically; it
is set-up on the edges of the parts of the work piece while doing the shearing or
cutting operations. As soon as the operation of drilling is done, it can be concluded
that these kinds of burrs formed immediately on the cutting edge onset as soon as the
edge of the chisel and the work piece surface comes in contact. The propagation and
formation of these burrs is in the circumferential direction as the bit is travels inside
the work piece. The analysis of the area measurement of burr based on its surface is
shown as in Fig. 1.

The classification of burr based on the drilling speed, size of bit and cooling
medium is as summarized in the Table 1. The images of crown burrs, rolled over burr
and uniform burrs are as shown by Fig. 2a, b, and c, respectively.

The process parameter that affects the formation of burrs are summarized
in Table 2.

A summary of these reviewed papers are briefed as in Table 3.

Table 4 shows the classification of burr as done by Kim et al. First type denotes the
uniform burr which is having smaller height of the burr while the type II corresponds
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Fig. 1 Flow chart for the analysis of area of burr measurement
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Table 1 Type of burr produces with a bit size of 3 mm as per the different process parameters [5]

S.No. |Speed (in rpm) | Coolant type | Type of the burr | Remarks

1 1400-1500 Air Uniform Taken by digital microscope

2 1500-1600 Water Uniform Taken by digital microscope

3 1600-1700 Water Crown type Taken through photo profilometer
4 1700-1800 Air Rolled over Taken by photo profilometer

Fig. 2 Crown burr, rolled over burr, uniform burr taken through photo profilometer at 1678, 1750
and 1450 rpm, respectively

Table 2 Parameters affecting drilling burr formation [6]

S.No. | Category Parameters

1 Process conditions [7-9] | Cutting speed, feed, use of coolant

2 Drill geometry [10, 11] Point geometry, point angle, lip clearance angle, helix
angle

3 Material properties [12] Ductility, hardness, tensile toughness, strain-hardening
characteristics

4 Others [13, 14] Temperature dependence properties
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Table 3 Summary of the previous research work on the Burrs
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S.No. | Ref. authors Methodology Findings
1 Gillespie and Blotter | On the basis of their formation | Poison burr is predominate for
entry and rolled over are
predominant for exit burrs
2 Ko and Dornfeld Orthogonal M/C tests inductile | A burr is formed as the value of
materials the strain increases in negative
shearing direction as the tool
comes near to the work piece
end
3 Hashimuraet et al. Analysis of 3D burr formation | Exit burrs are smaller in case
“oblique cutting” of oblique cutting as compared
to the orthogonal one, but “side
burrs” in orthogonal cutting are
larger than orthogonal
4 Kim et al. Classified burrs as per their Three types of burrs were
applications characterized like small
uniform as type I, large
uniform as type II and type III
for the crown burrs
5 Dornfeld et al. Burr formation while drilling | The generated heat while the
for “Ti6Al4V” drilling operation is being
performed is the major
deciding factor for the final
type of the burr formed
6 Kitajima et al. Classified the exit burrs for Highest value the temperature
drilling in Al-alloys could be observed at the hole’s
centre; also its value decreases
towards outside edges of the
holes
7 Sofranest et al. Shape of the drilling burrs are | Material of the work piece,
governed by various causes geometry of tool (drill) and
process working conditions are
the most dominating factors
8 Gillispie Ti alloys were used for Experiments were done by
characterizing the burr hand drill in uncontrolled and
formations unknown feeding rate; feed
rate is also one of the process
parameters along with other
process parameters
9 Charn and Dornfield | Edge breakout and formations | In case of the oblique cutting,

of burrs

no mathematical equations
could be employed for the
prediction of the burr
formations

(continued)
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S.No.

Ref. authors

Methodology

Findings

10

Sofronas and Taraman

Carried out theoretical models
and also experimentations

Thickness of the exit burr
might be reduced by increasing
the angle of helix, clearance of
the lip angle, decrement in the
feeding rate

11

Stein and Dronfield

Found the sensitivity for
different process parameters in
drilling in case of the
“Stainless steel 304L”

Burr height is influenced by
increasing the feeding rate,
speed of cutting and the wiring
in the drill bit are likely to
increase the height of the burr
produced

12

Sugawara and Inagki

Gave insights about the
quantity about burr formation

Burr quantity increases as the
diameter of the bit decreases in
the range “0.2-2.5 mm”; if the
diameter of the burr below 0.2,
then burr quantity would be
supposed to decrease with
decrease in the bit diameter

13

Min et al.

Gave results on burr height for
“poly crystallined copper”

Suggested the burr height as a
function of the orientation of
the drill in case of the
“poly-crystalline Cu”. For one
grain, the cutting mode may
like as in ductile while for
others, it might be like that of
brittle material

14

Takzawa

Size of the burr produced

The burrs that are formed
through drilling as produced by
a drill having a nick on the
cutting lips were found to be
smaller one as compared to that
of the burrs that are produced
through the conventional burrs

15

Kim

Effect on burr on Ti alloys by
different drill

Two different carbide drills
were used in his
experimentation work. No
coolant was used in these
experimentations. Only smaller
burrs of type I and II are
mostly formed

Table 4 Classification of burrs [6]

Type I Type II Type 111
Burr type Uniform burr having a drilling cap | Transient, crown burr
Height of the burr in | AISI304L | ~0.15 0.15~1.1 | (1.1~1.5) x (d/2)
mm AISI4118 | ~0.18 0.18~1.0
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Fig. 3 Height distribution of burr according to burr data number

to higher burr height. These two types of the above-mentioned types of burrs do not
depend upon the diameter of the drill. The type III is a crown burr which does not
have any type of drilling cap, while its height depends upon the diameter of the hole.

The classifications of the burrs could vary as per the type of the need; e.g. when the
aim is to resist the crown burr formation, type I and II could be mapped together. It is
evident from the graphical representation as in Fig. 3 that the burr height distribution
for the two drill bit diameters, viz. 1.98 and 3.1 mm, the height of the burr varies
as suggested by Kim et al. in 2001.The height distribution of the burr formation has
been briefed by the graphical format as in Fig. 3.

2 Results and Discussions

After a comprehensive survey in this survey, many researchers have provided as per
their findings regarding the major parameters affecting the formation of the burrs,
and in accordance with it, a summary of these parameters have been shown as a pie
chart on the area characterizing the amount due to which the formation of the burrs
gets affected. In the pie chart as discussed in Fig. 4 corresponds the parameters that
are responsible for affecting the burr shape, size and height.
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Fig. 4 Pie chart conceptualizing the parameters that influences the burr formation

3 Conclusions

As found by an exhaustive review of the literature by a number of authors, the
optimal value settings for the feed, clearance angle and cutting speed need to be
find out that influences the burr height and its thickness. Thus, in order to minimize
these unwanted burrs, the proper settings of these process parameters play a vital
role.

Some previous studies also give an insight as the minimization of burrs linked
as an objective function that needs to be optimized (minimized). All the studies
have shown the objective function in case for the minimization of burr is either
to minimize its height or thickness but no study reveals the minimization of these
two simultaneously.

Optimization processes that are ason GA and Taguchis are quite robust in nature
and also powerful ways of optimization that economically satisfies the requirement
of problem (optimization) for problem solving and also are considered as a good
optimization of designs.
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Application of 5s Methodology )
in a Small-Scale Enterprise: Case Study ey

Vijay Kumar Dwivedi, Anas Islam, and Aman Sharma

Abstract Small-scale industries or enterprises play a vital role in building up the
economy and further enhancing the growth of any country. Likewise, there are several
small-scale industries and startups that are currently active in our country. The coun-
tries like India where population holds the second place in the world small-scale
enterprises are of the great importance. As far as the medium and the big indus-
trial setups are concerned, there are always some methodologies that are adopted in
order to enhance its growth and minimize the wastages. While in case of the small
enterprises, there is no any as such provision for applying any lean manufacturing
or management technique for enhancing the work culture and minimization of the
wastages. In this regard, a very known 5s technique (lean manufacturing method) is
applied in one of the small industries located in a district of Uttar Pradesh Aligarh.
The name of the industry is “Reliable Tools,” and it is known for manufacturing the
locks and its parts. After applying this technique, the results and the final effects
of this technique were analyzed based on the wastages of materials, time and other
miscellaneous items. Finally, the results are concluded by comparing costs incurred
before and after applying this 5s technique.

Keywords 5s methodology - Lean manufacturing + Small-scale industries

1 Introduction

The town of Aligarh has for some time been known all through the world for its
lock industry. Truth be told/when the word Aligarh is stated, the unavoidable answer
comes—‘Gracious, the town of the lock. Also, why not? At the point when we
took a gander at the present territory of Aligarh, we see that there are around 3000
units providing locks and their segments using upwards of one lakhs resident with a
turnover of thirty crore for each year”. The manufacturing of locks and their industrial
setups is spread all over the city in small and big firms. As far as present work culture
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is concerned, only big organizations take part in adopting the lean manufacturing
techniques and attain good profits.

A good management will lead the industry/startups to a new height and also
minimize excessive wastages.

5S is commonly the initial phase in wiping out squander (unnecessary items).
5S is the foundation of kaizen, a technique for nonstop improvement concentrated
on certain core values, which include expanded productivity, enhance safety, less
wastages and lesser lead time, etc. The 5S methodology is very well suited for a
place for everything and everything in its place (PEEP) [2, 10, 11]. 5S is a waste
reduction and efficiency enhancing framework that maintains a methodical work
environment and uses visual pieces of information like signboards and charts to
achieve increasingly reliable operational outcomes [1]. The word 5S consolidates
five establishments and these can be expressed as Seiri (Sort) Seiton (Set), Seiso,
(Shine) Seiketsu (Sustain) and Shitsuke (Standardize).

In 5s technique, less wastages and in turn high profitability are achieved [3-5]

e Execute the implementation with the guide of posters, banners, shadow boards,
gadget holders and so on.

¢ Without the sustain column, the accomplishments of different columns would not
keep going long [6].

Themethodology introduced by Hirano states that implementation should be artic-
ulated in such a way that the less complex and important frameworks should be
enforced first. Hirano explains the series by a famous flow chart known as Hirano’s
Ss implementation as shown in Fig. 1.

2 5s Implementation

2.1 Seiri (Sort)

Seiri expects/tends to remove everything from the workplace that is not required for
current process. The implementation of Seiri is executed in the following manner:

e The workplace must be divided into various zones depending upon the work
they are performing with the main goal of including each and every piece of
workplace in the endeavor at the phase such that all these zones are connected
together. Allocate the coordinators for every one of these zones.

e Identify a red name (red tag) holding items. Red marked things are those that are
viewed as pointless in a specific working area/department. The red label keeping
region is the zone ensured for use in the substitution of red names that need further
assessment. Define the red tag. A red tag is a paper name with relating information:

— What’s item?
— How much quantity?
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Fig. 1 Practical approach to incorporate 5s in an Industry [4]

— Why are they expelled (hurt, over a boundings, etc.)?

What is the estimated cost?

The area from which the thing is removed?

— Establish the repeat of red label checking; an example of red tag is shown in
Fig. 2.

2.2 Seiton (Set)

It is indeed important to place the essential products in good alignment such that
these could be quickly grabbed to be used. It is a performance analysis. It is indeed
a matter as to how fast you could get the items you want as well as how efficiently
you could get them back. Ensure that every single superfluous thing is killed from
the working environment [7-9].
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Fig. 2 Example of red tag

Seiri stands for filtering, dividing and dismissing (and keeping). Seiton is about
planning and getting things ready. When we just concentrate on putting stuff aside, it
could lose track as to why we put stuff away that is to be able to bring stuff back easily
when we really need it. Seiton implies to decide when and where objects are required
and also to position items in such a manner that enables productive management. The
staff does not get to search for appropriate equipment or step to some other location
to reach commonly used objects.

Seiton has successfully implemented at reliable tools Aligarh and has been
compared in Figs. 3 and 4.

Fig. 3 Before Seito
implementation

Fig. 4 After Seito
implementation
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Fig. 5 Seiso the workplace is looking uncluttered

2.3 Seiso (Shine)

It implies clean environment, which ought to be priority of everyone in the organiza-
tion. Cleaning is necessary by almost everyone in organization, starting with “upper
management to bottom.” Cleaning should be done not merely for the purpose of sani-
tation, however, for a reason. To maintain a healthy portrait of neatness, everyone
should be personally concerned for cleanup. The workforce must be assigned zone-
wise assignments. Regular cleaning is indeed useful for detecting equipment failure.
In order to work efficiently, a healthy, tidy and tidy area provides focus.

e Determine Shine targets—To make target-based shine procedure regularly as per
the sorted items of the red Tag

Storage space, equipment or empty space

Determine shine assignments

Divide work reliant on the zone of cleaning

Start to shine

Clean completely.

Implementation of Seiso is shown as in Fig. 5.

2.4 Seiketsu (Standardizing)

It basically makes the very first 3s a common procedure by adding simple practise
for “Sorting, Straightening and Scrubbing.” Daily audits of 5s should be performed
with rankings which should be shown for every S.

It is important to promote displaying via images. The attention will be on effec-
tive communication and standardization for 5s. Seiketsu is applied at reliable tools
Aligarh. Reliable tools effectively actualized Seiketsu. Figures 6 and 7 show the
course of action of records before execution of Seiketsu and after the usage. In the
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Fig. 6 Condition of
workplace before Seiketsu

Fig. 7 Condition of
workplace after Seiteksu

primary course of action, there are potential outcomes of missing documents. In any
case, in the second case, it is a lot simpler not to turn out badly while setting and
recovering the records.

2.5 Shitsuke (Sustain)

In the sustain, it implies supporting, networking and training to guarantee that it
is a component of the organization. It is appropriate to continue to practice four
behaviors till they become natural. This may involve appointing a group to really
be accountable to monitoring the implementation of the 5s. The ideals of 5s are for
all. If executives do not obey, it is pointless to ask subordinates to adopt 5s as well.
This mechanism encourages individuals to be organized. Everybody in the working
environment should treat it they would their own home.

® Occasional office the board association is required to watch that the initial four
S’s are actualized splendidly.

e Representatives must make it a piece of their everyday work and not an activity
constrained upon them.

e Commitment, duty, dedication and genuineness are required in usage of 5S on
regular routine.

e Senior the executives should start a festival for the absolute 5S usage and be a
functioning part in the all-out procedure in starting and conveying forward the
program.
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Senior the executives ought to do an occasional survey of the status of 5S.
Assessments of initial three S’s ought to be done and the outcomes showed on 55
board routinely.

e Single point exercises ought to be utilized to impart the norms for how 5S work
ought to be finished.

e Proprietors lead 5S Kaizen exercises and archive results. Proprietors (administra-
tors) complete everyday check sheets to control factors that quicken weakening
of hardware and to keep clean working environments that help construct pride.

3 Conclusions

Constant overhauls have gotten especially noteworthy in the Indian circumstance
in the earlier decade. The reason for this is the low availability of records, and the
need to achieve overall quality measures inside the open resources. To achieve these,
various associations are grasping the methodology of lean manufacturing.

The 5S the structure is an average starting stage for all improvement tries meaning
to drive out waste from the collecting technique and in the long run improving an
association’s primary concern age by improving things and organizations and cutting
down expenses. The final product of a 5S execution is a critical decrease in space
required for existing activities. Laborers improve their workspaces by cleaning and
sorting out them. Devices and materials are named and put away in composed stock-
piling areas. Racking and racks advance the capacity of things in a littler impression,
improving the request picking process by taking out the need to look for things. Once
completely actualized, the 5S framework raises profitability, makes positive brand
encounters and improves proficiency and association.

Implementation of 5s has successfully done in that industry keeping the point of
view of its sustenance in future by giving proper training to the employs laborers.
Not exclusively will representatives feel good about where they work, yet the conse-
quences for nonstop improvement will add to less duplication, better quality and
shorter lead times. 5S is not just a housekeeping technique; it is an imaginative
answer for expanding productivity. 5S is an entire culture that expands genera-
tion, improves quality, lessens costs, conveys on schedule, improves wellbeing and
improves profound quality.

Future road map for this implementation would be to ensure that all the pillars of
are properly defined and sustained throughout the project and afterward.
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Availability Analysis of Shoe )
Manufacturing Unit Using Petri Nets L

Ankur Bahl, Satnam Singh, and Jaiinderpreet Singh

Abstract Today industries are under immense pressure to achieve production targets
and high payback ratios for survival. This can only be accomplished by assuring the
highest levels of system availability. Availability analysis is helpful to accomplish
minimum failures objective or to enhance the mean time between failures to meet the
production targets. The paper proposes Petri net-based modelling of a shoe manu-
facturing unit to compute the availability of various machines of the unit. The indus-
trial system consists of four machines/subsystems namely sewing machine, skiving
machine, moulding machine, and toe puffing machine. The dynamic nature of the
system is studied through the MC simulation. The effect of failure and repair times on
system availability have been analysed and discussed. The results can be presented
to the maintenance personnel which; in turn; will help them to study the dynamic
behavior of the plant and to decide maintenance priorities.

Keywords Petri nets + Availability - Simulation - Maintenance

1 Introduction

In the present era of modern technology, itis required to build highly complex systems
to achieve production targets. To achieve production targets, it is desired by the plant
managers that these systems should not fail. But during the operation of the plant,
the failure of subsystems may occur due to many reasons such as wear and tear of the
equipment or some faults related to sensing devices. Also, faulty operating proce-
dures adopted by equipment operators may sometimes lead to unavoidable failures.
Failure is an unavoidable phenomenon. Hence it is desired to increase the system
availability. Availability of the system can be enhanced either by redundancy or by
increasing the reliability of the components. The increase in availability is achieved
if the components are more reliable and more effective maintenance measures are
being adopted. As availability is a function of both reliability and maintainability so
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they are used to assess the plant performance. In broader terms, the availability of
the system is measured as the proportion of uptime to the total time the system is in
service. Various tools and techniques have been discussed by various authors for the
availability analysis of complex systems in the literature. Zhang et al. [1] used six
sigma and Gauss—Legendre quadrature formula for carrying out the reliability anal-
ysis of a complex system. Byun et al. [2] discussed a matrix-based system reliability
method to identify the intricate dependence between the various component failure
for reliability analysis.

Few researchers [3] discussed the RAM analysis of tunnel boring machines using
Markov chains. The effect of failure and rates of various components of the machine
on the RAM analysis was analysed. Agrawal et al. [4] carried the reliability analysis
of the dragline using FMEA and Bathtub curve. Pandey et al. [5] presented the
reliability analysis of the butter oil processing unit using Markov chains considering
the constant FRRs of the components. Garg et al. [6] used a Supplementary Variable
Technique for carrying out the long-run steady-state availability analysis of the yarn
plant. Khorshidi et al. [7] studied the reliability analysis of complex large systems
using the FMEA technique. Murthy et al. [8] performed the reliability analysis using a
Markov model of the phase measurement unit considering the transient system states.
Imakhlaf et al. [9] discussed the reliability analysis of the non-coherent systems using
binary decision diagrams. Choi et al. [10] proposed the fault tree model to analyse
the reliability and availability of seabed storage tanks. A four-step procedure of data
collection and modelling the system for the reliability assessment was proposed.
Modgil et al. [11] used Markov-based approach to carry out performance modelling
of a shoe manufacturing unit. Ahmed et al. [12] presented the availability analysis
of gas sweetening plant. Though the fault tree, decision tree, and reliability block
diagrams have been used by various researchers for the availability analysis, but it is
difficult to form them for large complex systems.

Many researchers have used the Markov chains and Supplementary Variable
Technique for the reliability analysis of the complex systems. These techniques
are helpful in calculation of long-run availability but they are difficult to formulate.
Moreover, they involve complex differential equations to calculate the availability
of the system which needs more computational efforts. It is hard to produce state
transition diagrams for complex systems. These traditional tools and techniques do
not address problems like complex parallelism, process dependency, and resource
constraints. These problems are well addressed by Petri nets; which is an effective
modelling tool to represent complex systems. Petri net is a graphical tool; is used as
communication visual aid and being a mathematical tool; helps to study the dynamic
behaviour of the system by setting up the governing equation to the model.

Many authors have discussed the various applications of Petri nets in different
fields. Bahl et al. [13] discussed the use of Petri nets in the availability analysis of a
distillery plant. Sachdeva et al. [14] presented the application of stochastic Petri nets
to study the behaviour of the feeding system of a paper plant. Patel and Joshi [15]
carried out the analysis of manufacturing systems using Petri nets. Liu et al. [16]
presented the use of DSPN for the performance analysis of a subsea low preventer
unit. Kaakai et al. [17] presented the application of hybrid Petri nets in the design of
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new stations for the transit of passengers which help the authorities about the safety
and security parameters. Khan et al. [18] discussed the applications of Petri nets in
deciding the control strategies to reduce the railway. Fecarotti et al. [19] carried out
the performance modelling of fuel cell systems using stochastic Petri nets.

Inspired by the great modelling work done by various researchers; an attempt has
been made in this paper; to use the Petri net as a modelling tool to study the dynamic
behaviour of the shoe manufacturing unit. The detailed analysis of the effect of failure
and repair times of various units of the shoe manufacturing unit on the overall system
availability has been performed.

2 Petri Nets

Algebraically the Petri nets are represented by 5- tuple
PN={P, T, A, W, My}

P is the finite set of places {Py, P,,..., P, }.

T is the finite set of transitions {Ty, T»,..., T}.

A is a set of directed arcs.

W is a weight function that takes values 1, 2, 3, ...

My is the initial marking.

A marking M can be represented by vector M = {ml, m2, ..., mi} where mi
represents the number of tokens in the place Pi.

Whereas graphically the PN are represented by the circles representing the places,
rectangles representing the transitions, arrows representing the arc. There are two
arcs input arcs (places to transition) and output arc (transition to places). The dynamic
behaviour of the system is depicted by the movement of the token from place to place.
The elements of the Petri net are represented in Table 1.

3 System Description

The shoe manufacturing plant has four different machines, namely sewing machine,
skiving machine, moulding machine, and toe puffing machine. The process of shoe
manufacturing starts with input raw material in the form of leather and polymer sheets
of various sizes and shapes are which are fed to the sewing and skiving machine. In a
sewing machine, the leather sheets of different shapes and sizes are stitched together.
In a skiving machine, the polymer sheets are trimmed to the desired shape and size.
Both the leather and polymer sheets are then glued together manually by skilled
workers and sent to the moulding machine where the heat is provided to them and
pressure is applied to make a strong bond between them. After this tip of the shoe is
attached to the shoe upper mould by the toe upper puffing machine. The final product
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Table 1 Elements of Petri net
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Place represents the conditions of an
O event
PLACE
Transitions represent the event of a
/1 system. Its firing leads to change in the
state of a system
TRANSITION
— This transition is associated with zero
delays
IMMEDIATE TRANSITION
—_ Arc represents the relation between place
and transition
ARC
Tokens used to represent the current state
‘ of the system. Place holding token
represents the working state of the
TOKEN system

is sent for quality check and ready for dispatch. There is one unit of each sewing and
skiving machine. The failure of any of these machines leads to failure of the system
and production comes to halt. There are two units of each moulding machine and
toe puffing machine. The failure of any one unit of these machines reduces the plant
capacity but does not brings the whole system to halt. The schematic diagram of the

system is shown in Fig. 1.

Leatherand

Polymer Sheets
Raw material

A

Sewing Skiving
Machine Machine

Fig. 1 Schematic flow diagram of a shoe manufacturing plant

Moulding Puffing
Machine 1 Machine 1
Final
Product
.| Moulding Puffing
Machine 2 Machine 2
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3.1 Assumptions for the Modelling

A crew of Six repairmen is available.

The repair of fault is addressed without delay.
Concurrent failure can happen in the system.

Failure and repair rates are independent of each other
The priority policy of FCFS is considered.

After repair, the system state is restored to the original.

AR e e

4 Petri Net-Based System Modelling

To carry out the performance analysis of a shoe manufacturing plant, the interactions
among various units of the system are considered. Petri nets are applied to model the
interaction between them. If the failures occur simultaneously in the various units of
the systems, then repair is done on the first come first serve basis and it also depends
upon several repair facilities available at the time of failure. Figure 2 shows the Petri
net model representing the above system. Table 2 represents the description of the
Petri net model.

4.1 Repres