
INFLUENCE OF ACCURACY OF ASSEMBLY SYSTEMS 

ON COMPONENT TOLERANCING 

NARENDRA KUMAR TEWARI 

A THESIS SUBMITTED TO THE 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 

FOR THE DEGREE OF DOCTOR OF PHILOSPHY 

IN THE FACULTY OF ENGINEERING 

DEPARTMENT OF MECHANICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI ( INDIA ) 

DECEMBER 1971 



CERTIFICATE 

This is to certify that the thesis entitled 

" Influence of Accuracy of Assembly Systems on Component 

Tolerancing " being submitted by Mr. N.K. Tewari to 

. the Indian Institute of Technology, Delhi, India, for 

the award of the degree of Doctor of Philosophy in 

Mechanical Engineering is a record of bona-fide research 

work carried out by him. 

Mr. Tewari has worked under the joint 

supervision of Professor W.B. Heginbotham, Head of the 

Department of Production Engineering and Production 

Management, University of Nottingham and the undersigned 

and he has fulfilled the requirements for the submission 

of this thesis, which to our knowledge has reached the 

requisite standard. 

No part of this thesis has been submitted 

anywhere.»else for the award of any degree or diploma. 

( Dr. B.K. Auja 
Professor and Head of Mech. Engg., 
Indian Institute of Technology, 
Hauz Khas, New Delhi-29. 



THE UNIVERSITY OF NOTTINGHAM 

DEPARTMENT OF 3ODUCTION 
IIv GINEERING AND PRODUCTION 

Head of Department: 	( Seal) 	MANAG TENT UNIVERSITY 
Professor WT. B. Heginbotham 	PARK NOTTINGHAM NG7 2RD 
B. Sc. Tech. , M. Sc. Tech. , Ph. D. 
(Manchester) 
F. I .Prod E., M. I . Me ch . E. , F. R. S. A. 

Dated 10 December, 1971 

CERTIFICATE 

This is to certify that the thesis entitled "Influence of 

Accuracy of Assembly Systems on Component Tolerances" being 

submitted by Mr. N.K. Tewari to the Indian Institute of 

Technology, Delhi, India, for the award of the degree of 

Doctor of Philosophy in Mechanical Engineering is a record 

of bona fide research work carried out by him. 

Mr. Tewari has worked under my guidance and supervision and 

has fulfilled the requirements for the submission of this 

thesis which, to my knowledge, has reached the requisite 

standard. 

The results contained in this thesis have not been submitted 

in part or in full to any other University of Institute for 

the award of any degree or diploma. 

Sd./....H....-.. -- 

L.B. Heginbotham 
Professor and Head of 
Department of Production 
Engineering and Production 
Man agement 
The University of Nottingham 

True Copy 



ACKNOWLEDGEMENTS 

The author is indebted to Professor W. B. 

Heginbotham, Head of the Department of Production 

Engineering and Production Management, University of 

Nottingham, U.K., for his inspiring guidance and for 

providing facilities to carryout the theoretical and 

experimental analysis. 

The author is grateful to Professor B.K. Ahuj a, 

Head of the Department of Mechanical Engineering, I.I.T. , 

Delhi for his guidance and for providing necessary 

facilities during the final stages of this work. 

Thanks are due to Messrs R.P. Thomson and 

J.A. Eziashi of the Department of Production gineering 

and Production Management, University of Nottingham, and 

their teams of technicians for their efforts in fabricating 

the experimental rig and to Mr. V.P. Gulati for typing 

this thesis. 

The author would like to express his gratitude 

to I.I.T., Delhi and the British Council for their 

assistance to enable him to carryout research at the 

university of Nottingham, and to the Department of Trade 

and Industry, U.K., for supporting and financing this 

project. 
• 

N.K. Tewari 



(v) 

CONTBNTS 

P age 

Acknowledgements IV 

Nomenclature viii 

List of Illustrations X 

Summary Xiil 

Chapter I Introduction 

1.1 Brief Introduction to Mechanised I 
Assembly Systems 

1.2 General Discussion on accuracy 9 
Requirements for Mechanically 
Determined Automatic Assembly Systems 

Chapter II Analysis of Errors in Assembly 
Operations 

2.1 Concept of a Typical Mechanised 15 
Assembly System 

2.2 Classification of Errors 15 

2.3 Summation of Errors, excluding 29 
Location and Orientation Errors 

2.4 Further Consideration of Errors 37 
due to Orientation of Components 
of Assembly 

2.5 Summation of Errors, excluding 43 
Location Errors 



CONTE1 TS (contd..) 
Page 

Chapter III 	Experimental. Analysis 

3.1 The Assembly System and. Outline of 46 
Experimental Programme 

3.2 Tests for Determining Errors of 49 
the System 

3.3 Verification of Theoretical Analysis 67 
derived in Section 2.3 

3.1- Verification of Theoretical Analysis 7)i 

derived in Section 2.5 

Chapter IV Discussion of Results and Conclusions 

11.1 General Comments 78 

4.2 Performance of System when Table 79 
is Stationary 

Performance of System s yen Travelling 8o 
Placement Device is Stationary 

4.4 Performance of the System when 81 
both Mechanisms are moving 

4.5 Performance of the System when 82 
the orientation Error is also considered 

4.6 Limitation of the ,Present Analysis 84 

4.7 Conclusions 85 



CONTENTS (contd.) 

Page 

Appendix I 	Summation of Chains of Dimensions 	86 

II 	Determination of Confidence Limits 	92 

III Calculation of Values of Clearances 	93 
for Assembly 

IV 	Verification of Analysis, derived in 103 
Sections 2.3 and 2.5, with lead.- n 

• on Components 

V 	Computer Programmes 	 106 

References 	 109 

Bibliography 	 113 


