Preface

Contents

Vil

1. Introduction 1

2.

1.1
1.2
1.3
1.4
1.5
1.6
1.7

Electric Field Stresses /

Gas/Vacuum as Insulator 2

Liquid Dielectrics 3

Solids and Composites 4

Estimation and Control of Electric Stress 4
Numerical Methods for Electric Field Computation 9
Surge Voltages, their Distribution, and Control 20
Key Terms 21

Multiple-Choice Questions 21

Review Questions 22

Short Questions 22

References 23

Conduction and Breakdown in Gases 26

2.1
22
2.3
2.4
2.5
2.6
2.7
2.8
29
2.10
2.11
2.12
2.13
2.14

2.15

Gases as Insulating Media 26

Collision Processes 27

Ionization Processes 29

Townsend’s Current Growth Equation 33

Current Growth in the Presence of Secondary Processes 33
Townsend’s Criterion for Breakdown 34

Experimental Determination of Coefficients cand y 35
Breakdown in Electronegative Gases 37

Time Lags for Breakdown 39

Streamer Theory of Breakdown in Gases 42

Paschen’s Law 44

Breakdown in Non-Uniform Fields and Corona Discharges 47
Post-Breakdown Phenomena and Applications 52

Practical Considerations in using Gases and Gas Mixtures
for Insulation Purposes 54

Vacuum Insulation 56

Key Terms 63

Worked Examples 63



xii  Contents

Multiple Choice Questions 65
Review Questions 67
Problems 68

References 68

3. Conduction and Breakdown in Liquid Dielectrics

3.1
3.2
33
34
3.5
3.6

Liquids as Insulators 70

Pure Liquids and Commercial Liquids 75

Conduction and Breakdown in Pure Liquids 76
Conduction and Breakdown in Commercial Liquids 79
Testing of Insulating Oils (Fluids): Transformer Fluids &2
Conclusions 83

Key Terms 84

Worked Examples 84

Multiple-Choice Questions 85

Review Questions 87

References 88

4. Breakdown in Solid Dielectrics

4.1
4.2
43
4.4
4.5
4.6
4.7

Introduction 89

Intrinsic Breakdown 90
Electromechanical Breakdown 97
Thermal Breakdown 92

Breakdown of Solid Dielectrics in Practice 94
Breakdown in Composite Dielectrics 98
Solid Dielectrics used in Practice 703
Key Terms 121

Worked Examples 121

Multiple-Choice Questions 123

Review Questions 125

References 125

5. Applications of Insulating Materials

5.1
52
53
54
5.5
5.6
5.7
5.8

Introduction 127

Applications in Power Transformers 727
Applications in Rotating Machines 729
Applications in Circuit Breakers 73/

Applications in Cables 133

Applications in Power Capacitors /35

Applications in High-Voltage Bushings /37
Applications in Fractional Horse Power Motors /37
Key Terms 138

Multiple-Choice Questions 138

70

89

127



Contents xiii

Review Questions 139
References 140

6. Generation of High Voltages and Currents 142

6.1 Generation of High Direct-Current Voltages /43
6.2 Generation of High Alternating Voltages 161
6.3 Generation of Impulse Voltages 169
6.4 Generation of Impulse Currents /85
6.5 Tripping and Control of Impulse Generators /89
Key Terms 191
Worked Examples 191
Multiple-Choice Questions 199
Review Questions 202
Problems 203
References 204

7. Measurement of High Voltages and Currents 206

7.1 Measurement of High Direct-Current Voltages 206
7.2 Measurement of High AC and Impulse Voltages 215
7.3 Measurement of High Currents—Direct, Alternating and Impulse 253
7.4 Cathode-Ray Oscillographs for Impulse Voltage and

Current Measurements 267

Key Terms 272

Worked Examples 272

Multiple-Choice Questions 277

Review Questions 280

Problems 281

References 282

8. Overvoltage Phenomenon and Insulation
Coordination in Electric Power Systems 285

8.1 Natural Causes for Overvoltages—Lightning Phenomenon 286
8.2 Overvoltage due to Switching Surges, System Faults and
other Abnormal Conditions 374
8.3 Principles of Insulation Coordination on High-Voltage and
Extra High-Voltage Power Systems 328
Key Terms 346
Worked Examples 346
Multiple-Choice Questions 354
Review Questions 357
Problems 358
References 359



xiv  Contents

9. Non-Destructive Testing of Materials and
Electrical Apparatus

9.1 Introduction 36/
9.2 Measurement of Direct Current Resistivity 36/
9.3 Measurement of Dielectric Constant and Loss Factor
9.4 Partial Discharge Measurements 38/
Key Terms 389
Worked Examples 389
Multiple-Choice Questions 394
Review Questions 397
References 398

10. High-Voltage Testing of Electrical Apparatus

10.1 Testing of Insulators and Bushings 399
10.2 Testing of Isolators and Circuit Breakers 406
10.3 Testing of Cables 410
10.4 Testing of Transformers 4175
10.5 Testing of Surge Arresters 420
10.6 Radio Interference Measurements 423
10.7 Testing of HVDC Valves and Equipment 426
Key Terms 431
Multiple-Choice Questions 431
Review Questions 433
References 434

11. Design, Planning and Layout of
High-Voltage Laboratories

11.1 Introduction 436

11.2 Test Facilities Provided in High-Voltage Laboratories
11.3 Activities and Studies in High-Voltage and UHV Laboratories

11.4 Classification of High-Voltage Laboratories 438

11.5 Size and Ratings of Large Size High-Voltage Laboratories

11.6 Grounding of Impulse Testing Laboratories 452
Key Terms 455
Multiple-Choice Questions 456
Review Questions 456
Problems 457
References 457

Appendix : Important Formulae
Author Index
Subject Index

361

399

436

437

458
461
465



