
 

 

TABLE OF CONTENTS 

 

Acknowledgements i 

List of tables iii 

List of figures iv 

List of symbols ix 

Preface xii 
 

1. Introduction 01-07 

2. Literature survey and objective 08-51 
 2.1 Grinding forces 08-11 

 2.2 Specific grinding energy 11-15 
 2.3 Grinding temperature 15-18 
 2.4 Surface integrity 18-48 
  2.4.1 Surface roughness 19-22 

  2.4.2 Microstructure and microhardness 22-26 
2.4.3 Residual stress 26-30

   2.4.3.1 X-ray diffraction method for assessment 

of residual stress 

30-31 

   2.4.3.2 Need of fast assessment of residual 

stress 

32-33 

   2.4.3.3 Magnetic Barkhausen noise technique 33-48 

 2.5 Objectives 49-51 
3. Experimental details and methodology 52-68 

 3.1 Material selection 52 

 3.2 Hardening/Carburizing of low carbon steel 52-54 

 3.3 Experimentation detail 54-56 

 3.4 Assessment of grinding performance 56-62 

  3.4.1 Measurement of grinding forces 57 

  3.4.2 Estimation of specific grinding energy 57-58 

  3.4.3 Analysis of grinding temperature 58-62 

 3.5 Assessment of surface integrity 62-65 

  3.5.1 Metallographic and microhardness analysis 62-63 



 

  3.5.2 Surface roughness analysis 63-64 

  3.5.3 Residual stress assessment using X-ray 
diffraction 

64-65 

 3.6 Magnetic Barkhausen noise analysis 65-69 
4. Results and discussions 69-106 

 4.1 Grinding of low carbon steel 69-89 

  4.1.1 Grinding forces 69-71 

  4.1.2 Specific grinding energy 71-72 

  4.1.3 Grinding temperature 72-73 

  4.1.4 Surface roughness and topography 74-76 

  4.1.5 Metallographic study 76-77 

  4.1.6 Microhardness 77-80 

  4.1.7 Residual stress 80-82 

  4.1.8 Magnetic Barkhausen noise 82-86 

  4.1.9 Hysteresis loop 86-89 

 4.2 Grinding of hardened (pack carburized) steel 90-106 

  4.2.1 Grinding forces 90-92 
4.2.2 Specific grinding energy 92-93 

  4.2.3 Grinding temperature 93-94

  4.2.4 Surface roughness and topography 94-97 

  4.2.5 Metallographic study 97-98 

  4.2.6 Microhardness 98-99 

  4.2.7 Residual stress 99-101 

  4.2.8 Magnetic Barkhausen noise 101-104 

  4.2.9 Hysteresis loop 104-106 
5. Summary and Conclusions 107-112 

 5.1 Conclusions 110-111 

 5.2 Major contributions 111 

 5.3 Future scope 111-112 

            References 113-135 
            Publications 136 



Page | i 

 
ACKNOWLEDGEMENTS 

 
I am using this opportunity to express my sincere thanks and gratitude 

beyond words to my supervisors, Dr. Meghanshu Vashista and Dr. Mohd. Zaheer 

Khan Yusufzai for their consistent help, encouragement and valuable discussions 

during the entire period of my research work. I would not have been able to 

complete the thesis without their utmost involvement and invaluable efforts. They 

motivated me to pursue research problem and the need for persistent effort to 

accomplish the goal. I am truly indebted to them. They are the real definition of a 

best teacher being friendly and behind for all problems of not only mine but all the 

students.

Besides my supervisors, I would like to thank my RPEC members Prof. A.
 

K. Jha and Dr. Kausik Chattopadhyay for their insightful comments and 

encouragement. I sincerely thank Prof. A. P. Harsha, Head of the department of 

Mechanical Engineering and the former heads Prof. A. K. Jha and Prof. A. K. 

Agrawal for providing all the research facilities to successfully accomplish my 

research in the Department. I have deep sense of gratitude to all the faculty members 

of the Department of Mechanical Engineering, IIT (BHU), for their cooperation 

and inspiration. 

I am thankful to my all friends Ashish Pareta, Ravindra, Prashant, Gaurav 

and Manish kumar kishor Singh and seniors Harikishor sir, Prashant sir, Avinash 

sir, Shushant sir and Ambuj sir for their constant encouragement, making joyful and 

memorable life being with my moments of happiness and troubles at IIT (BHU), 

Varanasi. I would also thank my juniors Akash, Sanjay, Atul, Vineet, Deepak, 

Kaushal, Manish, Siddharth for their support.



Page | ii 

I am also thankful to all the lab and workshop staff specially Mr. Lalji ji, Mr. Ajay 

Yadav and Mr. Rajendra Ji and office staff. 

Last but not the least, I would like to express my deepest gratitude to my 

family, my parents Late Smt. Manju Devi and Shri Bramhadish Srivastava, for 

giving my life in first place, for educating me, for their unconditional support and 

encouragement to pursue my interest.  

I also wish to thank my friends and the persons whose names have not been 

mentioned on this piece of paper for extending their cooperation directly or 

indirectly. 

 
 

Ashish Srivastava 
 
 

 

 

 
 
 
 
 
 
 
 


