COMPOSITES FOR HIG PERFORMANCE
STRUCTURE AND CUTTING MATERIALS

MUMTAZ AHMAD

INSTRUMENT DESIGN DEVELOPMENT CENTRE
INDIAN INSTITUTE OF TECHNOLOGY DELHI
FEBRUARY 2018



©Indian Institute of Technology Delhi (IITD), New Delhi, 2018



Composites for High Performance

Structure and Cutting Materials

by
MUMTAZ AHMAD
Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

INSTRUMENT DESIGN DEVELOPMENT CENTRE
INDIAN INSTITUTE OF TECHNOLOGY
FEBRUARY 2018



CERTIFICATE

This is to certify that the thesis entitled “Composites for High Performance
Structure and Cutting Materials” submitted by Mr. Mumtaz Ahmad to the Indian
Institute of Technology Delhi for the award of the degree of Doctor of Philosophy is a
record of original research work carried out by him. He has worked under my guidance and
supervision and has fulfilled all the requirements for the submission of this thesis, which to
our knowledge has reached the requisite standard.

The results contained in this thesis have not been submitted, in part or full, to any

other university or institute for the award of any degree or diploma.

(Dr. 1. P. Singh)
Associate Professor (Retd.),
Instrument Design Development Centre,

Indian Institute of Technology Delhi,
New Delhi-110016, India.

Date: February, 2018

Place: New Delhi



ACKNOWLEDGEMENTS

I express my deep sense of respect and my gratitude to my supervisors
Dr. I. P. Singh and Prof. R. Sagar. They created a friendly research atmosphere,
enlightened me with great ideas and patiently guided me. It was really a lifetime
experience for me to work with them, and I would not be able to finish my work without
their guidance, support and direction. I will be indebted throughout my life for his
guidance and support.

I am also grateful to my CRC members Prof. S. Aravindan and Mr. S. K. Sud for

their valuable suggestions and comments. I wish to thank Prof. P. V. Madhusudhan Rao,

Head, Instrument Design Development Centre, CRC Chairman, Convener CRC, and
faculty members for all kind of help and support provided by them. I wish to acknowledge
and express my regards to Prof. Sunil Pandey and Prof. N. Bhatnagar for their continuous
encouragement during my research at IIT Delhi.

I feel gratitude and affection to my family members, my wife and children for their
support at home during my research work, as well as, Dr. S. Javed Ahmad Rizvi and Mr.
Anil Yadav, Research scholars in Mechanical Engineering Department for sparing time for
discussion and providing moral encouragement during research work.

Last but not least, I would like to thank Mr. Horam Azad and Mr. Mohd. Masood
of IDD Centre, Mr. Rishi Dagar of Applied Mechanics Laboratory, Mr. Vijay Tiwari
Production Lab. and office staff of Instrument Design Development Centre for providing
all kind of support.

Date: February, 2018

Place: New Delhi (Mumtaz Ahmad)

111



ABSTRACT

Recent advancements in various technologies demand the development of new
materials to sustain external loads at extremely high temperatures, as well as, corrosive
environments. Composite materials have high specific strength, high specific stiffness,
better fatigue life, better wear resistance and good mechanical properties. The aim of this
study is to develop a new composite cutting tool, as well as, composites that may be used
for structural purposes, such as, roofing tiles by using appropriate fabrication techniques.
Cutting tool must be resistant to a combination of mechanical, thermal and chemical
attacks. Ceramics exhibited good wear resistance even when machining hardened carbon
steels. Industries are focusing on improving the materials, manufacturing processes using
automatic mass production machines with latest technology. Therefore, there is a need for
improving the existing cutting tools for mass production or to develop a new tool which
may be an alternative to existing tools. Many commercial processes are available for
making these types of composites. Manufacturing methods include hand lay-up and spray
techniques, resin transfer molding, compression molding, autoclave molding, injection
molding, filament winding, pultrusion etc. It was observed that addition of reinforcement
produced better mechanical properties, such as toughness and hardness. Composites were
developed for high performance structures and the materials developed can also be used

for abrasive cutting.



This dissertation work focuses on the possibility of polystyrene polymeric materials
coated with metallic layer for high performance structure and roofing tiles application.
Roofing tiles can be ceramic or fabricated from composite material using ceramic powder,
polymer composite and other materials, such as, cement and concrete. Advantages of
roofing tile include light weight, low transportation cost, easy manufacturing and
durability. For future application solar power shingles are promising environmental
friendly approach for producing renewable electricity. They appear like regular roof
(asphalt) shingles, which have a special photovoltaic substance in the form of a thin film
on the top, with ability to transform solar radiation (light) directly into electricity without

ruining the aesthetic value of the building.
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