
---------—

%,4c

Tit•c
. ' i

■>/

TABLE OF CONTENTS

Acknowledgements 9

List of Figures 14

List of Photographs 15

List of Tables 16

List of Symbols 17

CHAPTER: 1 INTRODUCTION

1.0 Introduction & Literature Review 20

1.1 Broken Rotor bars and End rings 23

1.2 Air Gap Eccentricity 24

1.3 Bearing Damage 25

1.4 Stator Winding Faults 25

1.5 Motivation 26

1.6 Objective /Plan 27

1.7 Thesis Organization 28

1.8 Conclusion 30

CHAPTER II METHODS OF DETECTION

2.1 Introduction 32

2.2 Methods of Detection 33

2.2.1 Flux Monitoring 34

2.2.2 Vibration Analysis 34

2.2.3 Induced Voltage in Stator 35

2.2.4 Partial Discharges 35

2.2.5 Electrical /Current Signature Analysis 36

9



2.3 Conclusion 39

CHAPTER 111 FAULTS IN INDUCTION MOTOR

3.1 Introduction 42
3.2 Rotor fault 43

3.2.1 Cause of rotor fault 43
3.2.1.1 Thermal stresses 43

3.2.1.1.1 Thermal overloads 43
3.2.1.1.2 Thermal unbalance 44
3.2.1.1.3 Hot spots and excessive losses 45
3.2.1.1.4 Rotor sparking 45

3.2.1.2 Electromagnetic stresses 47
3.2.1.2.1 Electromagnetic effects 47
3.2.1.2.2 unbalance magnetic pull 47
3.2.1.2.3 Electromagnetic noise and vibration 48

3.2.1.3 Residual stresses 48
3.2.1.4 Dynamic stresses 49

3.2.1.4.1 Shafts torque 49
3.2.1.4.2 Centrifugal torque 49
3.2.1.4.3 Cyclic stresses 50

3.2.1.5 Environmental stresses 50
3.2.1.6 Mechanical stresses 50

3.2.2 Fault modeling and analysis 51
3.2.2.1 Fundamentals of Twice slip frequency Bands 53
3.2.2.2 Motor current slip ratio amplitude 58

3.2.3 Results and Discussion 61
3.2.4 Effect of time varying load on rotor detection 62
3.2.5 Effect of speed fluctuation inertia 68

3.3 Bearing faults 71
3.3.1 Bearing failure causes 71
3.3.2 Diagnostic of bearing faults 73
3.3.3 Categorizing bearing faults 75

3.3.3.1 Single fault detection 76
3.3.3.2 Generalized roughness 76

3.3.4 Result and dissection 77
3.4 Eccentricity faults 79

3.4.1 Introduction of eccentricity 79
3.4.2 Causes of eccentricity 80
3.4.3 Diagnosis of air gap eccentricity 81
3.4.4 Experimental test results 84

10



3.5 Stator fault 85
3.5.1 Introduction 87
3.5.2 Diagnosis of stator fault 88
3.5.3 Experimental and results 92

3.6 Conclusion 96

CHAPTER IV EAULT DETECTION ALGORITHM

4.1 Introduction 101
4.2 Fault Detection Techniques 101

4.2.1 Classical Fast Fourier Transform 101
4.2.1.1 Sampler 101
4.2.1.2 Preprocessor 102
4.2.1.3 Fault Detection Algorithm 102
4.2.1.4 Post Processor 102

4.2.2 Instantaneous Power FFT 103
4.2.3 Bi spectrum 103
4.2.4 High Resolution Spectral Analysis 104
4.2.5 Wavelet Analysis 104

4.3 Fault Detection Algorithm 105
4.4 Conclusion 108

CHAPTER V DEVELOPMENT OF HARDWARE

5.1 Introduction 111
5.2 Hardware Scheme 111
5.3 Description and Specification 112

5.3.1 Description of Hardware 114
5.4 Conclusion 115

C HAPTER VI DEVELOPMENT OF SOFTWARE

6.1 Introduction 117
6.2 Software Description 118

6.2.1 Power Quality Module 118
6.2.2 Motor Loading Module 118
6.2.3 Rotor bar Module 119
6.2.4 Eccentricity Module 120
6.2.5 Misalignment Module 121
6.2.6Stator Inter turn Fault module 122

11



6.2.7 Bearing Faults 122

6.3 Conclusion 123

CHAPTER VII LABORATORY & FIELD TRIALS

7.1 Laboratory Trials 125
7.2 Field Trials 131
7.3 Conclusion 133

CHAPTER VIII CONLCUSION 135

CHAPTER IX REFERENCES 143

Paper Submitted at National / International Conferences 148

APPENDIX A: Test Results of Field Trials

12


