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ABSTRACT

Higher accuracy demanded from modern machine tools
is adversely affected by deformation occurring by static and
dynamic forces during cutting operation. While static
deformations have attracted the attention of investigators,
dynamic aspect has not been sufficiently studied. This
thesls reports a study on dynamic characteristics of a
milling machine structure. Complete milling machine structure
has been analysed both numerically and experimentally.
Utilization of the results of present study can lead to
higher dynamic rigidity of milling machine structure.

Matrix method has been chosen for the numerical
analysis of the structure. The resulting eigen value problem
has been solved by Jacobi, QR and Bathe's methods. Using
the actual cross-sectional properties of a milling machine
structure, these three methods have been compared. Bathe's

method has been found to require least computation storage.

An one-fourth scaled perspex model of the actual
milling machine has been analysed for lowest twelve
frequencies and mode shapes by Bathe's method. These compare
favourably with the experimental values obtained on the model
leading to the conclusion that the analytical method used
is highly reliable.
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To study the effect of ribbing three additional
perspex models have been constructed with solid elements
replaced partially or fully by ribbed hollow sections. The
close agreement of analytical and experimental results of
these models further leads to added confidence in the
method. The effect of d/b (Depth/Breadth) ratio of column
in milling machine structure has also been studied

analytically.

The kind of comparison between analytical and
experimental results reported above has also been done on the
actual milling machine. The natural frequencies and mode
shapes as determined from the model of the milling machine
structure scaled upto the actual machine using the similarity
analysis are compared with the natural frequencies and mode
shapes of the actual machine experimentally as well as

analytically.

It is concluded that the Bathe's method for solution
of eigen value problem can be used effectively for large
machine tool structures. From the analysis of the scaled
models, it has been observed that the ribbing of cross-arm
and saddle base increases the natural frequencies as well as
results in weight reduction of structure; mode shapes however
retain the same pattern. Increase in d/b (Depth/Breadth)

ratio of column results in increase in natural frequencies
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also. Trom the above it 1s concluded that dynamic rigidity
of milling machine structure may be increased either by

ribbing cross-arm and saddle base or by increasing d/b ratio

of the column.

LR B B BN J



CONTENTS

Page
INNER COVER PAGE OF THESIS oo i
CERTIFICATE .o iii
ACKNOWLEDGEMENTS .o iv
ABSTRACT .o vi
TABLE OF CONTENTS .o ix
TERMINOLOGY . wif
LIST OF FIGURES .o XY
LIST OF TABLES .o X Vi
REFERENCES .o 125
APPENDICES .o 134

TABLE OF CONTENTS
CHAPTER = 1
INTRODUCTION AND LITERATURE SURVEY .o 1
1.1 AIM OF THE PRESENT WORK oo 1
1.2 LITERATURE SURVEY oo 3
l.2.1 Introduction oo 3
1.3 FORCED VIBRATION IN MACHINE
TOOL STRUCTURE o 5
1.3.1 Matrix Methods .o 5
1.3.2 pgExperimental Methods oo 9

COntd. s 0o 00



CHAPTER = 2

FORMULATION OF THE PROBLEM AND COMPUTER PROGRAM .. 12

2.1 INTRODUCTION .o 12
2.2 TFORMULATION OF THE EQUATION OF MOTION oe 13
2.2.1 Assumptions for Analysis .. 15
2.2.2 gtiffness Matrix of Beam Tlement . 15
2.2.3 Mass Matrix of Beam Element - 17
2.2,4 Assembled stiffness of Whole
gtructure .o 21
2.3 TIGEN-VALUE PROBLEM oe 21
2.4 COMPUTER PROGRAM oo 25
2.5 CHECKING OF THT PROGRAM .o 26
2.6 CONCLUSIONS . 27
CHAPTER - 3

COMPARIGON OF JACOBI, QR AND BATHE'S METHOD FOR
DYNAMIC ANALYSIS OF MILLING MACHINE STRUCTURE . 28

3.1 IHTRODUCTION .o 28

3.2 ANALYTICAL APPROACH .o 29
3.2.1 Jacobi Method .o 31
3.2.2 QR Method vo 31
3243 Bathe Method .o 32

3.3 RESULTS . 32

34 DISCUSSION .e 37

3.5 CONCLUSIONS .e 38

CHAPTER - 4

COMPUTATIONAL RESULTS FOR SCALED MODELS OF

MILLING MACHINE STRUCTURE e 39

4,1 INTRODUCTION .e 39

Contdesees



4,2
4,3

4,4

4,5
4.6
4.7

MODELS FOR ANALYSIS
EFFECT OF RIBBING

EFFECT OF d4/b (DEPTH/BREADTH)
RATIO OF COLUMN

RESULTS
DISCUSSION
CONCLUSIONS

CHAPTER = S

BXPERIMENTS AND EXPERIMENTAL RESULTS FOR SCALED
MODELS OF MILLING MACHINE STRUCTURE

5.1
5.2
5.3
5.4

5.5

-

5.6
5.7

5.8

INTRODUCTION

ADVANTAGES OF SCALED MODEL TECHNIQUE
CHOICE OF MODEL MATERIAL

FABRICATION OF THE MODEL

5.4.1 Different Models Considered
For the Analysis

EXPERIMENTAL SET-UP

5.5.1 Mounting of Model Structure
5.5.2 Mounting of Exciter

5.5.3 Experimental Detail for Models
5.5.4 Conditions for the Experiment

RESULTS
DISCUSSION

CONCLUSIONS

CHAPTER - 6

DISCUSSION OF ANALYTICAL AND IXPERIMENTAL

RESULTS FOR SCALED MODELS OF STRUCTURE

6.1

INTRODUCTION

LN

LN 4

xi

39

49
49
56
59

61

61
61
63
64

65

65
67

63
70

73
77
78

79
79

CQntdoo¢oo



xii

6.2 DISCUSSION .o 85
6.3 CONCLUSIONS oe 87
CHAPTER =~ 7
COMPUTER _AND EXPERIMENTAL RESULTS OF ELLIOT
UNIVERSAL MILLING MACHINE STRUCTURE .o 88
7.1 INTRODUCTION o 88
7.2 EXPERIMENTAL DETAILS : e 92
7.2.1 Measuring Technique for
Tynamic Analysils oo 92
7.2.2 Mounting of Vibrator .o 24
7.2.3 Conditions for Experimentation .o 99
7.3 RESULTS «s 99
7.4 DISCUSSION .o 106
7.5 CONCLUSIONS s 109
CHAPTER - 8
SIMILARITY ANALYSIS .o 110
8.1 INTRODUCTION e 110
8.1.1 gtatic gimilarity o 111
8.1.2 Dynamic gimilarity oo 112
8.2 RESULTS ee 113
8.3 DISCUSSION oo 116
8.4 COHCLUSIONS oo 121
CHAPTER - 9
CONCLUDING REMARKS AND SUGGESTIONS FOR
EURTHER WORK .o 122
9.1 CONCLUDING REMARKS ee 122

9.2 SCOPE FOR FURTHER WORK s 123



