
Contents

1 Fundamental Principles of High-Voltage Experimental Techniques 1

1.1 Generation and Measurement of High Alternating Voltages 1

1.1.1 Characteristic Parameters of High Alternating Voltages 1
1.1.2 Test Transformer Circuits 1
1.1.3 Construction of Test Transformers 3
1.1.4 Performance of Test Transformers 5
1.1.5 High Voltage Generation with Resonant Circuits 6
1.1.6 Peak Voltage Measurement with Sphere Gaps 7
1.1.7 Peak Voltage Measurement Using Measuring Capacitors 9
1.1.8 Peak Value Measurement with Capacitive Voltage Dividers 10
1.1.9 Measurement of r.m.s. Values by Means of Electrostatic Voltmeters 12
1.1.10 Measurements with Voltage Transformers 13

1.2 Generation and Measurement of High Direct Voltages 14

1.2.1 Characteristic Parameters of High Direct Voltages 14
1.2.2 Properties of High-Voltage Rectifiers 14
1.2.3 The Half-Period Rectifier Circuit 15
1.2.4 Voltage Multiplier Circuits 17
1.2.5 Electrostatic Generators 20
1.2.6 Measurements with High-Voltage Resistors 22
1.2.7 Measurement of r.m.s. Values by Means of Electrostatic Voltmeters 22
1.2.8 Voltmeter and Field Strength Meter Based upon the Generator 

Principle 23
1.2.9 Other Methods for the Measurement of High Direct Voltages 25
1.2.10 Measurement of Ripple Voltages 25

1.3 Generation and Measurement of Impulse Voltages 26

1.3.1 Characteristic Parameters of Impulse Voltages 26
1.3.2 Capacitive Circuits for Impulse Voltage Generation 28
1.3.3 Calculation of Single-Stage Impulse Voltage Circuits 31
1.3.4 Further Means of Generating Impulse Voltages 33
1.3.5 Peak Value Measurement Using a Sphere Gap 34
1.3.6 Circuit and Transient Response of Impulse Voltage Dividers 36
1.3.7 Experimental Determination of the Response Characteristics 

of Impulse Voltage Measuring Circuits 41

http://d-nb.info/790067994


VI Contents

1.4 Generation and Measurement of Impulse Currents 43

1.4.1 Characteristic Parameters of Impulse Currents 43
1.4.2 Energy Storage Systems 45
1.4.3 Discharge Circuits for the Generation of Impulse Currents 47
1.4.4 Current Measurement with Measuring Resistors 50
1.4.5 Current Measurement Using Induction Effects 50
1.4.6 Other Methods of Measuring Rapidly Varying Transient Currents 52

1.5 Non-Destructive High-Voltage Tests 52

1.5.1 Loss in a Dielectric 5 2
1.5.2 Measurement of the Conduction Current for Direct Voltage 53
1.5.3 Measurement of the Dissipation Factor for Alternating Voltage 54
1.5.4 Measurement of Partial Discharges at Alternating Voltages 58

2 Layout and Operation of High-Voltage Laboratories 65

2.1 Dimensions and Technical Equipment of the Laboratories 65

2.1.1 Stands for High-Voltage Practical 65
2.1.2 High-Voltage Testing Bays 66
2.1.3 High-Voltage Research Laboratories 70
2.1.4 Auxiliary Facilities for Large Laboratories 71

2.2 Fencing, Earthing and Shielding of Experimental Setups 72

2.2.1 Fencing 72
2.2.2 Earthing Equipment 72
2.2.3 Shielding 76

2.3 Circuits for High-Voltage Experiments 76

2.3.1 Power Supply and Safety Circuits 76
2.3.2 Setting up High-Voltage Circuits 78



Contents VII

2.4 Construction Elements for High-Voltage Circuits 81

2.4.1 High-Voltage Resistors 81
2.4.2 High-Voltage Capacitors 83
2.4.3 Gaps 85
2.4.4 High-Voltage Construction Kit 88

3 High-Voltage Practicals 92

3.1 Experiment “Alternating Voltages” 93

3.1.1 Fundamentals: Safety Arrangements - Testing Transformers -
Peak Value Measurement — r.m.s. Value Measurement — Sphere Gaps 93

3.1.2 Experiment 94
3.1.3 Evaluation 95

3.2 Experiment “Direct Voltages” 96

3.2.1 Fundamentals: Rectifier Characteristics — Ripple Factor —
Greinacher Doubler-Circuit - Polarity Effect — Insulating Barriers 97

3.2.2 Experiment 100
3.2.3 Evaluation 103

3.3 Experiment “Impulse Voltages” 103

3.3.1 Fundamentals: Lightning Impulse Voltages - Single Stage Impulse 
Voltage Circuits — Peak Value Measurement with Sphere Gaps - 
Breakdown Probability 103

3.3.2 Experiment 106
3.3.3 Evaluation 109

3.4 Experiment “Electric Field” 109

3.4.1 Fundamentals: Graphical Field Determination — Model
Measurements in Electric Fields - Field Measurements 
at High Voltages 109

3.4.2 Experiment 114
3.4.3 Evaluation 116



vm Contents

3.5 Experiment “Liquid and Solid Insulating Materials” 117

3.5.1 Fundamentals: Insulating Oil and Solid Insulating Material 
— Conductivity Measurement — Dissipation Factor Measurement —
Fibre-Bridge Breakdown — Thermal Breakdown — Breakdown Test 118

3.5.2 Experiment 122
3.5.3 Evaluation 126

3.6 Experiment “Partial Discharges” 126

3.6.1 Fundamentals: External Partial Discharges (Corona) — Internal
Partial Discharges — Gliding Discharges 126

3.6.2 Experiment 132
3.6.3 Evaluation 135

3.7 Experiment “Breakdown of Gases” 135

3.7.1 Fundamentals: Townsend Mechanism — Streamer Mechanism — 
Insulating Gases 136

3.7.2 Experiment 139
3.7.3 Evaluation 143

3.8 Experiment “Impulse Voltage Measuring Technique” 144

3.8.1 Fundamentals: Multiplier Circuit after Marx - Impulse Voltage 
Divider — Impulse Voltage-Time Curves 144

3.8.2 Experiment 147
3.8.3 Evaluation 150

3.9 Experiment “Transformer Test” 151

3.9.1 Fundamentals: Specifications for High-Voltage Tests — Insulation 
Coordination — Breakdown Test of Insulating Oil - Transformer 
Test with Alternating Voltage — Transformer Test with Lightning 
Impulse Voltage 152

3.9.2 Experiment 156
3.9.3 Evaluation 157



Contents IX

3.10 Experiment “Internal Overvoltages” 157

3.10.1 Fundamentals: Neutral Shift - Earthing Coefficient — 
Magnetization Characteristic — Jump Resonance — 
Subharmonic Oscillations 159

3.10.2 Experiment 166
3.10.3 Evaluation 169

3.11 Experiment "Travelling Waves” 169

3.11.1 Fundamentals: Lightning Overvoltages — Switching 
Overvoltages — Surge Diverter — Protective Range - 
Waves in Windings — Impulse Voltage Distribution 170

3.11.2 Experiment 176
3.11.3 Evaluation 179

3.12 Experiment “Impulse Currents and Arcs” 180

3.12.1 Fundamentals: Discharge Circuit with Capacitive Energy 
Storage — Impulse Current Measurement — Forces in a Magnetic 
Field — Alternating Current Arc - Arc Quenching 180

3.12.2 Experiment 184
3.12.3 Evaluation 189

Appendix 1 Safety Regulations for High-Voltage Experiments 190

Appendix 2 Calculation of the Short-Circuit Impedance of Transformers 
in Cascade Connection 192

Appendix 3 Calculation of Single-Stage Impulse Voltage Circuits 194

Appendix 4 Calculation of the Impedance of Plane Conductors 196

Appendix 5 Statistical Evaluation of Measured Results 200

References 207

Subject Index 211


