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ABSTRACT

An investigation of transverse rolling process, undertaken
in this study, will lead to proper design and development of
machines roquired for ﬁaking various axi-symmetric products such
ag discussed in this thesis.

Chapter-1 of the thesis deals with the importance of
transverse rolling process. Brief history of transverse rolling
process, theory of metal forming and related concepts have been
dealt in detail.

The entire thesis deals basically with three specific
uses of transverse rolling (i) rolling of edges of strips with
flat rolls, (ii) rolling of circula; discs with flat rolls and
(1i1) rolling of edges of strips with triangular edged rolls,
All these experimental processes have been analysed theore-
tically.

Chapter-~l1 deals with experimental work of rolling the
edges of strips with flat rolls. A review of those transverse
rolling processes using similar process as used in this chapter,
have been made. This chapter gives full details of experiments
which include constructional and functional detalls of the
machines. Observations have been made to study the effects
of roll penetration and thickness of specimen being rolled,
on rolling loads.

Chapter-Il1I deals with theoretical analysis of edge
rolling process. An upper bound approach has been followed with
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some simplifying assumptions. The theory has been developed to
predict the effects of roll penetration, roll diameter, thickness
being rolled, on rolling load. Deformation pattern has been
studied by making the grids on a cross-section of a strip. The
effect of rolling on the hardness of the rolled surface have also
been observed. Analytical results have been compared with theore-
tical results, which were found to be following the same trend as
the experimental, but quantatively some differences were there,
Chapter-IV deals with experiments performed for rolling
edges of circular discs on a transverse rolling machines. With
the help of these experiments the trend of variation of rolling
forces torque and shoulder length with the variation in depth of
penetration, rolling thickness etc. have been established.
Chapter-V describes theoretical work done by various
authors for this type of rolling, Analytical formula has been
derived using upper bound theorem to predict the effects of
various connected parameters on rolling load and shoulder length,
The optimum shear angle is calculated by minimising the total
rate of energy distribution. Trend of variation of rolling load
and torque with variation in rolling thickness, roll diameter,
specimen diameters, material work hardening has been established
theoretically, Theoretical results have been compared with the
experimental results arrived in Chapter-lIV and were found to

be in agreement to a large extent.
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Circular disc or strips having V-shaped edges have con-
siderable utility in various industrial applications. Chapter-=Vl
deals with investigations of such a process, In Chapter-Vl this
processc has been visualised by pressing the edges of strip by
triangular straight dies. Efforts have been made'to study the
effect of wedge angles, strip thickness on the deforming load.
Under bound technique has been used to predict rolling force
. and deformed shapes. Experimental results for pressing strip
edge with triangular straight dies have been compared with those
arrived theoretically and have been found to be in conformity teo
a large extent.

In Chapter-V1I, the achlevements of various experiments
and theoretical analysis discussed in this thesis have been
summarised. Scbpe of further work has been briefed. In the
end list of references, computer programme and other annexures

have been given,



CONTEN

CERTIFICATE
ACKNOWL EDGEMENTS
ABSTRACT
CONTENTS

LIST OF PLATES
LIST OF FIGURES
NOMENCLATURE

CHAPTER-I

1.1
1.2
1.3
1.3.1
1.3.2
1.4
1.4.1
1.4.2
1.5
1.5.1
1.5.2
1.6
1.6.1
1,6.2

1.7
1,71
1.7~

INTRODUCTION

Introduction

Historical back ground
Machanism of Metal Forming

Metal behaviour in plastic deformation
Yield criteria

Friction

Friction and its Behaviour
Mechanism of friction in rolling
Load bounding theorem

Upper bound theorem

Lower bound theorem

Transverse Rolling

What is Transverse rolling

Importance and scope of transverse
rolling process

Present work
The Experiment
The analysis

Page

i1
113

24
24



CHAPTER-I1

2.1
2,2
2,3
2,3.1
2,302
2.3.3
2,3.4
2.3.5
2.3.6
2.4
2.4.1
2.4,2
2.4.3
269

CHAPTER-III
|
3.2
3.3
3.3.1
3.3.2
3.3.3
3.3.4
3.3.5

CONT cont

TRANSVERSE ROLLING OF EDGES OF RECTANGULAR

STRIPS WITH FLAT ROLLS
Introduc tion
Historical background
The rolling rig
Working principle.

The rig

The roll

Load cells

Load cell calibration
The work piece

The Experiment

Scheme of Experiment
Experimeptal Procedure
Yield=-Stress Testing
Hardness Testing

ANALYSIS OF EDGE ROLLING PROCESS
Introduction

Past work

Analysis

Assumptions

Deformation Pattern

Rolling Equilibrium

Deforming shapes

Rolling Deformation Model

Page

26-63

41
41
a1
a4
44

54
54
54
59
62
62

64-105
64
64

72
74

75
77



vii

NTEN ont
Page
3.3.6 Velocity Fields .o 77
3.3.7 Rolling Load o . .o 80
3.3.7.1 Deformation power oo 80
3.3.592 Frictional power oo 81
3.3.7.3 Total Rolling load ese 83
3.3.7.4 Roll contact angle oo 86
3.3.8 Determination of Lc oo 87
3.3,9 Forces on Roll oe 90
'3.3.9.1 Normal component oo 20
363902 Tangential rolling force oo o1
3.4 Results and Discussion ) ee 92
CHAPTER~1V TRANSVERSE ROLLING OF CIRCULAR DISCS
WITH FLAT ROLLS ’ , 00 106=149
4,1  Introduction «o 106
4,2 Historical background oo 109
4,2.1 Past work .o 109
4,2.2 Present work es 119
4.3 The Rolling Principle ee 121
4.4 The Rolling Machine ee 123
4,4,1 Constructional Details ee 123
4.4,2 The roll ee 1B
4 .4.5 The specimen .. 125
4,4,4 The hydraulic control ee 133

4,4,5 The operation .o 134



4.5
4.5.1
4.5,2
4,5,3

4.6
4.7
4,701
4.7,2
4.7.3
4.7.4

CHAPTER=-V

Sef
Se2
9.3
53,1
95.3.2
56363
5.4
969
5.5.1
5.6
5.6.1
5.6.2
5.7

The Measurements

Force Measurements

Torque Measurement
Displacement‘Measurement

Scheme of Experiment

The Experiment

For Studying product geometry

For studying rolling forces and torques
For hardness testing

Yield stress testing

THEORETICAL ANALYSIS OF DISC ROLLING
PROCESS '

Introduction:

Past Work

Analysis

Deformation Technique and Assumptions
Shear angle

Flange length

Rate of Energy Dissipation
Calculation for AngleY
Calculation of Lg

Rolling Foxrces

Normal Rolling force
Tangential rolling force
Rolling Torque

viii

Page
135
135
13¢
140
141
144
144
145
149
149

i50-197
150
151
154
154
160
164
167
169
170
170
171
172
173



CONTENT cont

5.8 Results and Discussions

5.8.,1 Geometry of deformed product

5.8,2 Rolling load

CHAPTER~VL
6.1

TRANSVERSE ROLLING WITH ANGULAR ROLLS

Introduction

6,2 Past work

6.3 Present Work

6.3.1

Experimental

6.4 Analysis

6.4.1 Assumptions

6.4.,2 Deforming Model
6.4.3 Velocity field
6.4.4 The rolling load

6:404.1
6.404.2
6.4.4,3
6.4.4.4
6.4.4.5
6.4.4,6

Deformation power
Frictional power

Total rolling load
Radial rolling force
Tangential rolling force
Rolling torque

6.4.5 Shoulder length

6. 4050 1

Shoulder length when P cot « >T

6.4.6 Calculation of Le

ix

Page

174
174
186

198-249
198
198
200
200
209
209
209
214
217
217
218
220
222
223
224
224
225
227



CONTENTS (cont
Page

6.4.7 Calculation for angle oo 227
6.4,8 Deforming load in case of straight die .. 229

6.5 Yield Stress Test .o 229

6.6 Results and Discussion ve 234
CHAPTER-VII CONCL.USIONS AND SCOPE .o 250-255

7.1 Conciusions oo 250

7.2 Future Scope oo 24

REFERENCES 'Y ) s 256-272

ANNEXURE=~III1 o 275



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

