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Foreword

This book published by Springer is an outcome of the International Conference on
Advances in Manufacturing Technology—ICAMT 2018—that assimilates the
research work of some prominent researchers in the extensive area of manufac-
turing technology.

This book presents an anthology of works presented at ICAMT 2018, covering
subjects in the areas, such as material process, machine tools, cutting tools, man-
ufacturing systems, optimization technologies, 3D scanning and re-engineering and
3D printing, and computer applications in design, as well as exciting subjects in
contemporary manufacturing such as robotics and intelligent materials.

I am also grateful to Chairman Mr. P. Sriram and Principal Dr. K. S. Srinivasan,
Chennai Institute of Technology; members of the ICAMT 2018 Committee; and the
researchers who have actively participated in the elaboration of this book. A special
thanks to Dr. Somashekhar S. Hiremath, Associate Professor, IIT Madras;
Dr. N. Siva Shanmugam, Associate Professor, National Institute of Technology
Tiruchirappalli; and Dr. B. R. Ramesh Bapu, Dean, Chennai Institute of
Technology, who took the responsibility of being the editors of this book.

I would like to extend my sincere thanks to MK Autocomponents India Limited,
ACMEE 2018, 13th International Machine Tool Exhibition (an initiative of
AIEMA—Ambattur Industrial Estate Manufacturers’ Association) for their support.

Chennai, India Dr. V. Dhinakaran
Organizing Secretary-ICAMT 2018

Professor, Chennai Institute of Technology
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Preface

Chennai Institute of Technology organized the International Conference on
Advances in Manufacturing Technology—ICAMT 2018—in association with
ACMEE on June 22–23, 2018. ICAMT 2018 was held for the third successive time
in Chennai. The mission of ICAMT 2018 is to bridge the gap between academics
and industry in the field of manufacturing technology. ICAMT 2018 includes oral,
poster, and tutorial sessions given by experts in state-of-the-art topics.

ICAMT 2018 brings leading researchers from academia, R&D organizations,
and industries from various countries together under one roof and at one time to
discuss new opportunities, emerging trends of new technologies, machine tools,
cutting tools, manufacturing systems, and simulation tools for solving manufac-
turing technology problems at various levels starting from material design to
complex manufacturing system.

Sessions explore innovative as well as revered technologies, research, devel-
opment and optimization, workforce efficiency, and productivity. Special emphasis
is placed on expressing application trends, progress, and future course of manu-
facturing technology. ICAMT is planned to be held once in 2 years and will reflect
the changing scenario in manufacturing and empower the future growth in a
sustainable manner.

Chennai, India Somashekhar S. Hiremath
N. Siva Shanmugam
B. R. Ramesh Bapu
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About This Book

The present issue of Lecture Notes in Mechanical Engineering from Springer is the
outcome of International Conference on Advances in Manufacturing Technology
(ICAMT 2018) held at Chennai Institute of Technology, Chennai, Tamil Nadu,
India, on June 22–23, 2018, as a parallel event with ACMEE, an international
machine tool exhibition conducted in association with Ambattur Industrial Estate
Manufacturers’ Association (AIEMA). This edition of the ICAMT proceedings
provides the in-depth work of different researchers and practicing engineers who are
all working in the field of manufacturing industries and academic institutions
throughout the globe. This book covers diversified topics of contemporary manu-
facturing technology such as:

Material process
Machine tools
Cutting tools
Robotics and automation
Manufacturing systems
Optimization technologies
3D scanning and re-engineering and 3D printing
Computer applications in design
Analysis and simulation tools for solving manufacturing technology problems at
various levels starting from material designs to complex manufacturing systems.
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Evaluation of Tensile Properties
of Nanoclay-Filled Madar
Fiber-Reinforced Polyester Hybrid
Composites

Gunti Rajesh, M. V. Raghavendra Rao, K. Vijay and S. Gopinath

Abstract In the present work, an effort has been made to improve the mechanical
properties of natural fiber-reinforced polyester composite using nanoclay. The com-
posite specimenswere preparedwith varyingweight proportions of short-madar fiber
in the polyester matrix from 2.5 to 15% at an interval of 2.5% without and with nan-
oclay of 1%. The samples were then tested for tensile properties and the results were
analyzed. The results showed that the tensile strength of composite was increased
with increased fiber loading up to 10%, and with further addition of fibers, there was
decrease in the tensile strength. The maximum value attained for 10% fiber loading
was 23.33 MPa. The tensile strength of nanoclay-filled madar fiber-reinforced com-
posite is increased to a value of 25.16 MPa up to 10% fiber loading and then with
further addition of fibers along with nanoclay, the tensile strength is reduced. It is
also observed that there increase in the modulus of madar fiber composite to a value
of 520.2 MPa up to fiber loading of 15% and the tensile modulus of nanofilled fiber
composites is increased to a value of 460.35 MPa up to fiber loading of 15% which
is 11.5% less compared to that of composite without nanoclay. It is observed that
there is reduction in the percentage elongation at break for madar fiber-reinforced
polyester composite with and without nanoclay filler. The drop is 43.7% in madar
fiber composite and it is much higher in composite filled with nanoclay.

Keywords Polyester ·Madar fiber · Nanoclay · Tensile strength

1 Introduction

From several decades, lignocellulosic natural fibers have been widely used in the
development and fabrication of partially degradable polymer composites. Environ-
mental safety and use of renewable materials for making greener world have lead
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industries to use natural fibers as reinforcing materials in composites [1]. Natural
fibers have attractive and possible advantages, such as cheaper in cost, reduced tool
wear, lower density, and reasonable specific strength, apart from their inbuilt fea-
tures such as renewability and degradability. A huge number of natural fibers were
available in the nature those are being used as reinforcements.

Nowadays, polymer nanocomposites reinforced with natural fibers are widely
used for automobile, aerospace, sports, and military applications due to their multi-
functional characteristics such as high specific strength, improved mechanical prop-
erties, flame retardancy, high corrosion resistance, and low cost when compared to
synthetic fiber-reinforced polymer composites [2]. The hybridization is the prac-
tice that can eliminate the shortcomings of the present composites reinforced either
by natural fibers or clay particles, like low durability and higher water absorption
by natural fibers that make them unbalanced with non-polar polymer matrix and
non-degradable characteristic of plastics based on clay particles [3].

The nanocomposites were fabricated with varying compositions (0, 0.5, 1, 1.5,
and 2 wt%) of Cloisite15A as nanofiller along with glass fiber reinforcement in the
polyester. The consequences of addition of nanoclay on the thermal, mechanical,
and dynamic mechanical properties of nanocomposites were investigated [4]. The
results of tensile and impact tests have obtained 1% as the best possible percentage
of clay content in the composite for better mechanical properties. However, the
storagemodulus of compositewas improved for 1%nanoclayfill. Thermogravimetric
analysis indicated the initial degradation that starts at 200 °C for all the samples.
The tensile fractured surfaces analyzed by SEM indicated brittle fracture for glass
fiber-reinforced polyester without nanoclay, whereas by the addition of nanoclay the
fracture has changed to ductile nature. Various categories of nanoclay along with
natural fiber-based composites giving particular importance to their applications as
food packaging and a summary of the most advanced and emerging characteristics
of nano technology to develop eco-friendly hybrid composites compatible for food
packaging were presented [5].

Wild cane grass fiber up to 40% volume fraction and organically modified mont-
morillonite (MMT) nanoclay of 4% were added to polyester resin to prepare hybrid
composite, and their mechanical properties were investigated [6]. The results indi-
cated that the use of nanoclay has shown noteworthy improvement in tensile, flexural,
and impact properties of wild cane grass fiber-reinforced composites. The conse-
quences in addition of nanoclay filler on mechanical and morphological properties
of Napier/epoxy composites were examined [7]. The Napier/epoxy composites were
fabricated with 2–5 wt% of montmorillonite (MMT) nanoclay by vacuum infusion
technique and tested for flexural properties. The results depicted that flexural strength
of composite was increased when 3% of nanoclay was added to it. However, there
was an increase of 180% in flexural modulus of composite with 5% of nanoclay filler.
The biocomposites from unsaturated polyester (UP) resin and chemically modified
bamboo fibers were fabricated with hand layup method [8]. In this study, nanocom-
posite was prepared initially from UP and nanoclay by solution method. Then, that
solution was poured on to the selective mat layers to prepare hybrid composite. Com-
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posites showed good properties at 90% of bamboo fibers modified by vinyl silane
solution of 0.7 and 1% of nanoclay filler.

A relative study was made on the fracture toughness of woven glass
fiber/polypropylene, chopped glass fiber/polypropylene, and nanoclay-filled
polypropylene composites [9]. The technology of nano and microscale particle rein-
forcement in various polymeric fiber-reinforced composites with polyamides (PA),
polyurethanes, polyesters, polypropylenes, and high-performance/temperature engi-
neering polymers such as poly(ether-ether ketone) (PEEK), polyimide (PI), polyary-
lacetylene (PAA), and poly p-phenylene benzobisoxazole (PBO) was examined [10].
The effect of amount of nanoclay and alkali treatment of wood flour on physical and
mechanical properties of low-density polyethylene (LDPE) composites with beech
flour was studied [11]. In this study, 40% of wood flour chemically treated with 2%
alkaline was added to LDPE. Cloisite15A nanoclay particles were added to the com-
posite in different weight ratios. The results indicated a reduced water absorption
rate by increasing the nanoclay content and alkaline treatment on flour. The tensile
strength was also increased with increasing the nanoclay content, besides using the
chemical treatments on flour. Also, the impact strength was improved by 3% with
increased nanoclay content.

The effect of addition of nanoclay particles on the flame retarding properties of
wood–fiber/plastic composites (WPC) were investigated [12]. This study indicated
that the structure of nanocomposites and the clay content used had a great impact
on the flame retardancy of WPC. Effect of addition of nanoclay on the fiber/matrix
adhesion in epoxy/glass composites was investigated [13]. In this study, different
organically modified clays were added at different weight fractions in the epoxy
matrix. The results depicted that the formation of intercalated microstructures due
to nanoclay led to considerable improvement in mechanical and thermal properties
of the epoxy matrix.

Though several researchers have explored the advantages of addition of nanoclay
in the natural fiber composites, there is still ample scope for the development of
nanofilled composites reinforced with new natural fiber composites. In this study,
a new mixture of natural fiber and matrix, i.e. madar fiber and polyester with 1%
nanoclay were considered to fabricate hybrid composite. The short fibers with vary-
ing weight fraction in polyester were considered along with nanoclay, and tensile
properties were evaluated.

2 Materials and Methods

2.1 Materials

The polyester resin of the grade ECMALON 4413 with viscosity of 500–600 cPs
(Brookfield viscometer) and a specific gravity of 1334 kg/m3 at 25 °C was pur-
chased from Bindu Agencies Pvt. Ltd., Vijayawada, India. Methyl ethyl ketone per-
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Table 1 Composite sample
fabrication

S. no. Fiber, wt% Nanoclay, wt% Polyester, wt%

1 2.5 1 96.5

2 5 1 94.0

3 7.5 1 91.5

4 10 1 89.0

5 12.5 1 86.5

6 15 1 84.0

oxide (MEKP) accelerator and cobalt octoate (C16H30CoO4) catalysts namely were
obtained from local market. The organically modified montmorillonite (MMT) nan-
oclay used was supplied by sigma Aldrich, Hyderabad.

Extraction of Madar Fibers
Stem is collected from the madar (Calotropis Gigantea) plant and the fiber from the
stem is extracted by water retting process. Here, the stalks of stems were submerged
in water for 15 days. Then, the stems were taken out of water and were beaten gently
using wooden mallet. The fibers were then extracted and dried in the sunlight for
48 h. The fibers were then chopped to a length of 3–4 mm.

2.2 Fabrication of Composite

Themodified nanoclay and polyester were dried in oven for about 2 h before use. The
MMT particles have a fine particle-size distribution and exceptional dispersion in the
matrix. An amount of 1% organically modified MMT nanoclay was mixed with the
polyester resin by means of a sonicator for a period of 30 min at room temperature
to obtain a homogenous mixture.

The madar fibers of size 3–4 mm were then added at various weight ratios from
2.5 to 15% to the mixture of polyester and nanoclay. The samples were prepared by
filling the mixture in the mold prepared using rubber as per ASTM D638 for tensile
properties using hand layup technique. For each weight ratio of fiber, five samples
were prepared and an average of these was considered to calculate tensile strength.
The detailed ratio of reinforcements andmatrix to fabricate the composite was shown
in Table 1.

2.3 Testing of Composite Samples

The samples were tested for tensile strength on a universal testing machine as per
ASTM standard D638. The samples were loaded on the machine with maximum
load set to 200 kg and the samples were tested at a crosshead speed of 0.5 mm/min
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(a) 7.5% (b) 10%

Fig. 1 Tensile fractured samples of nanofilled polyester composites with 7.5 and 10%madar fibers

and the strain was measured with an extensometer of the machine. The elongation
and their respective loads were noted (Fig. 1).

3 Results and Discussion

From the Fig. 2, it is observed that the tensile strength of untreated madar fiber-
reinforced polyester composite was increased with increased fiber loading up to
10%, and with further addition of fibers, there was decrease in the tensile strength.
The maximum value attained for 10% fiber loading was 23.33 MPa. The tensile
strength of nanoclay-filled madar fiber-reinforced composite is increased to a value

Fig. 2 Variation of tensile strength of nanoclay-filled and unfilled madar fiber-reinforced polyester
composites with fiber loading
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Fig. 3 Variation of tensile modulus of nanoclay-filled and normal madar fiber-reinforced polyester
composites with fiber loading

of 25.16 MPa at 10% fiber loading which is 7.8% higher than madar fiber composite
without nanoclay.

The increase in the tensile strength with increased fiber loading is due to better
interaction between fiber and matrix and the drop in tensile strength with further
addition of fiber beyond 10% is the fact that there is more fiber-fiber interaction than
that of fiber–matrix interaction. It is observed that the addition of nanoclay in the
madar fiber-reinforced composite has considerable effect on tensile strength of the
composite.

From Fig. 3, it is observed that there was an increase in tensile modulus of madar
fiber polyester composite without nanoclay to a value of 520.20 MPa at fiber loading
of 15%. The tensile modulus of nanofilled fiber composites is increased to a value
of 460.35 MPa at fiber loading of 15% which is 11.5% less compared to that of
fiber-reinforced composite without nanoclay.

From Fig. 4, it is observed that there was reduction in the percentage elongation at
break for madar fiber-reinforced polyester with and without nanoclay filler. The drop
in the madar fiber-reinforced composite without nanoclay is 8.35–4.7%, i.e. the drop
is 43.7%. The drop is much higher for nanofilled madar fiber-reinforced composite.
The increase in the stiffness of the composite with the addition of nanoclay might
be the reason for drop in elongation at break of the composite.
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Fig. 4 Variation of % elongation of nanoclay-filled and normal madar fiber-reinforced polyester
composites with fiber loading

4 Conclusions

With the results obtained from the experimental procedure, the following conclusions
were made.

• The tensile strength of madar fiber-reinforced polyester composite with and with-
out nanoclaywas increasedwith increasedfiber loading up to 10%, andwith further
addition of fibers, there was decrease in the tensile strength. The tensile strength
of nanoclay-filled madar fiber-reinforced composite is increased to a value of
25.16 MPa at 10% fiber loading which is 7.8% higher than madar fiber composite
without nanoclay.

• There was an increase in tensile modulus of madar fiber polyester composite
without nanoclay to a value of 520.20 MPa at fiber loading of 15%. The tensile
modulus of nanofilled fiber composites is increased to a value of 460.35 MPa at
fiber loading of 15% which is 11.5% less compared to that of fiber-reinforced
composite without nanoclay.

• It is observed that there is reduction in the percentage elongation at break formadar
fiber-reinforced polyester with and without nanoclay filler. The drop in the madar
fiber-reinforced composite without nanoclay is 8.35–4.7%, i.e. the drop is 43.7%.
The drop is much higher for nanofilled madar fiber-reinforced composite.

• Finally, it is concluded that the fiber loading has influenced the properties of
composite and also there is significant role of adding nanoclay of 1% in improving
the strength of the composite.
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Characterization of Economical
Aluminium MMC Reinforced with Weld
Slag Particles

P. Paranthaman, P. M. Gopal and N. Sathiesh Kumar

Abstract Rapid advancement in technology forces the researchers to search for
advanced materials with higher performance like composites. The composites are
known for their better mechanical properties and less weight, but the cost is the major
factor that hinders the wider application of these materials. In this study, welding
slag is reused as reinforcement to produce economical metal matrix composites,
because slag is produced in enormous amount during welding of materials which
causes pollution. The aluminium alloy (Al 6063) is used as base material. Weld
slag of different weight proportions (0, 5 10 and 15 wt%) is mixed with Al 6063
through stir casting process, and samples are taken for investigation. The mechan-
ical properties of the composites like tensile strength, compression strength and its
wear behaviour are analysed. And also, the microstructure of the MMC is analyzed
through optical microscope (OM) to determine the weld slag distribution in alu-
minium matrix material. The observed result indicates that the addition of weld slag
particles with aluminium increases the mechanical properties. The composite having
15% of welding slag exhibits the best tensile and wear resistance.

Keywords Composite ·Weld slag · Stir casting · Tensile strength · Compressive
strength

1 Introduction

Metal matrix composites (MMCs) gain significant importance worldwide due to
their superior mechanical properties, because materials with better strength and less
weight are well suitable and necessary for engineering applications [1]. Further, the
development of sustainable and reusable materials from existing things has observed
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an ideal global attention and importance from engineers as well as the wide-ranging
community and government [2, 3].

Aluminium and its alloys have superior mechanical properties while adding rein-
forcements duringmetal matrix composite (MMC) development. The wide spectrum
of unique properties can be attained with Al MMCs at comparatively low process-
ing expenditure. The Al-based MMCs have superior specific stiffness and strength,
enhanced elevated temperature properties (concerning its monolithic alloy) and ther-
mal conductivity. The multi-functional characteristic of Al-based composites has
seen its exploitation in aerospace technology, electronic heat sinks, antenna reflec-
tors, automobile drive shafts fins and engine machineries, along with others [4].
Properties of these Al-based matrix composites majorly subject to (1) composition
of the base alloy, (2) the character of material reinforced and (3) the techniques opted
for MMC processing.

Thus, a large amount of research works reported in the literature have attempted
to address how these facets influence the properties and behaviour of aluminium
matrix composites. The majority of research works reported on the literature on Al
composites has been committed frequently only on some of the aluminium alloys,
such as A357, A359, 2618, 2254, 6061 and 7075. However, not much study has
been reported on the exploitation of Al 6063 as matrix material for the Al MMC
fabrication. Al 6063 alloy is themost readily obtainable aluminium alloy in the global
metal markets. It is processed in soaring quantities at small price by the majority of
aluminium processing industries for applications such as the production of glazing
bars and window sections, wind screen and sliding roof sections for the automobile
industry, pipes and tubing and for furniture also. The perspective for developing
aluminium-based MMC with superior performance by using Al 6063 alloy as base
material has created the thrust of this research exertion.

In recent past, an enormous amount of researchworks are carried onwaste particle-
reinforced MMCs. Currently, fly ash cenosphere [5], rock dust [6, 7] and CRT glass
[7, 8] like waste particles are tried as reinforcement, and good results were obtained.
Similar to these wastes, welding slag is noteworthy and is produced while joining
metals which cause the pollution and leftover of resources. But, an effective recycling
technique for this industrial waste is not yet discussed widely.

Hence, the current research intents to reuse welding slag as reinforcement to pro-
duce the composite materials. Further, among various MMC development method-
ologies, stir casting furnishes superiormatrix particle attachment as a result of stirring
action of particles into the metals. The studies in the literature described that the uni-
form mixing and wetting be able to obtain by choosing suitable parameters while
MMC processing [9].

The present research investigation explores the mechanical and wear behaviour
of welding slag-reinforced Al 6063 MMCs. The effect of reinforcement percentage
on mechanical and wear behaviour of MMC has been investigated experimentally.


