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ABSTRACT

The research carried out for this dissertation involved
the desian, construction and testing of an instrument
which couid both detect and store partial digcharge
signels. This device wus23 a novel approach to the
analysis of the signal in that it stores only the
Polarity, peak value and time of occurrance of the
signal. This is done because all informatiun required
to fully reconstruct the signa! can be gathered from
this information. The partial discharge could be
detected in a range 1pC to 10000pC with a time
resolution of 25 micro seconds, which compares
favourably with the specifications of present analogue
devices on the market. The instrument was tested on
certain specimens of known discharge characteristics and

found to give good correlaticn with the expected results.
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ABSTRACT

The research carried out for this dissertation involved
the design, construction and testing of an instrument
which could both detect and store partial discharge
signals. This device uses a novel approach to the
analysis of the signal in that it stores only the
polarity, peak value and time of occurrance of the
signal. This is dore because all informaticn required
to fully reconstruct the signal can be gathered from
this information. The partial discharge could be
detected in a range 1pC to 10000pC with a time
resolution of 25 micro seconds, which compares
favourably with the specifications of present analogue
devices on the market. The instrument was tested on
certain specimens of known d.scharge characteristics and

found to give good correlation with the expected results.




TR T TR
1
%

iv

ACKNOWLEDGEMENTS

I would like to acknowledge the assistance of both the
CSIR and the University of the Witwatersrand in my
personal financial assistance. Further I would like to
thank the Uiiversity of the Witwatersrand for its
financial assistance in funding the pyject.

| I would like to ¢ive my personal thanks to my
- supervisors Professor J.P. Reynders and Professor M.G.

Rodd for their unfailing help.




CONTENTS

DECLARATION
ABSTRACT
ACKNOWLEDGEMENTS
CO'(TENTS

LiIST OF FIG'IRES
LTCT OF TABLES

PAPER: THE PROCESSING OF PARTIAL DISCHARGE
SIGNALS

REFERENCES

APPENDIX A THE DESIGN AND OPERATION OF THE
CIRCUTTS

APPENDIX B CALIBRATION RESULTS

APPENDIX C SAMPLE RESULTS

APPENDIX D SLEW RATE LIMITATION IN THE
SYSTEM

APPENDIX E SIGNAL PROCESSING PROGRAMS

APPENDIX F THE MC68000 MICROPROCESSOR
SYSTEM

e Ld

Page

53
104

11¢
115

126




LIST OF FIGURES

Figure Page
= My Block diagram of analogue partial

discharge detector 4
3.1 Partial discharge detection circuit 8
y W Waveform produced by discharge

detection unit 20
8.1 Basic block diagram of the system 22
8.2 System expanded to four amplification

channels 26
8.3 System with ewitching network 27
8.4 System to hanc'e bosth positive and

negative signals 29
8.5 System with multiplicaticn

information 32
B.6 Full block diagram 34
8.7 Reset times of the input signal 36
8.8 Decay times for the input signal 38
10.1 Fositive and negative

comparator circuits 46
Al Input filter 56
A2 Resonant circuit 57
A3 Sheet 1 Peak detector circuits 61

Sheet 2 62
Sheet 3 63

A4 Comparison batween the input signal

and the attenuated output of the peak

detector £
AS Generation of the pulse used to

select the analogue switch €8
A6 Generation of the peak detected pulse 70




L

vii

Figure Page
A7 Sheet 1 Comparator and analozue switch

selection circuit. 73

Sheet 2 74

A8 Comparator output voltage waveforms 77

%> Sheet 1 Analogue-to-cdigital conve:ision

circuits 82

Sheet 2 83

Sheet 3 84

Al10 Microprocessor interface board 88

Bl Negative calibration table 102

B2 Positive calibration table 103




viii

LIST OF TABLES

Table Page
Bl Results of Spc calibration charge 94
B2 Results of S50pc calibration charge 95
B3 Results of 500pc calibration charge 96
B4 Results of 5000pc calibration charge 97
BS Results of -~5pc calibration charge 28
B6 Results of -50pc calibration charge 99
B7 Results of -500pc calibration charge 100
B8 Results of -5000pc calibration charge 101
Cl1 Discharge results from 0.5mm spark gap 106
CZz Discharge results from 0.5mm spark gap 107
C3 Discharge results from polyethelene shee: 108
C4 Discharge results from polyethelene sheet 109
D1 System response to a 500ns pulse 112
D2 System response to a 1 micro second pulse 112
D3 System response to a 2 micro seccnd pulse 113
D4 System response to a 4 mi o second pulse 113
DS System response to a 10 mi- - second pulse | 114
Dé System response to & 20 micio second pulse 114
El Data capture program 116
E2 Hexadecimal equivalent of tle cata capture

program 118
E3 FORTH data manipulation program 123




viii

LIST OF TABLES

Table Page
B1 Results of Spc calibration charge 94
B2 Results of 50pc calibration charge 95
B3 Results of 500pc calibration charge 96
B4 Results of 5000pc calibration charge 97
B5 Results of -Spc calibration charge 98
B6 Results of -50pc calibration charge 99
B7 Results of -500pc calibration charge 100
B8 Results of -5000pc calibration charge 101
Cl Discharge results from 0.5wm spark gap 106
C2 Discharge resulls I{rom 4 BPATK gap 07
C3 Discharge results fr .sys.helene shent 108
C4 Discharge results from polyethelene shest 109
D1 System response to a 500ns pulse 112
D2 System response to a 1 micro secornd pulse 112
D3 System re .nse to a 2 micro second pulse 113
D4 System r« 'nse to a 4 micro second pulse 113
DS System response to a 10 micro sscond pulse 114
D6 System response to a 20 micro se.ond pulse 114
El Data capture program 116
E2 Hexadecimal eguivalent of the di¢: : capture

pProgram 118
E3 FCJUTH data manipulation prograr 123




PAPER: DIGITAL PROCESSING OF PARTIAL DISCHARGE SIGNALS

: | Introduction

The insulation that surrounds the conductors in high
voltage devices can contain small imperfections in the
form of tiny air pockets. When a voltage is applied to
these devices the voltage gradient created across the
air pocket is greater than that in the solid material.
When this is high enough a discharge in the pocket

termed a partial discharge resull:.

This discharoz causes degradation of the insulation
which can cause insulation failure, and ultimately

total failure of the device. (5)

The partial discharge is seen at the terminals of the
device as a very fast current spike superimposed on the
power frequency signal which i3 either driving or beirng

produced by the machine.

This discharge is of a very short duration, with a rise
time of 1-5ns and a slightly longer fall time, which
means that these discharges are extremely difficult to

measure directly.

It has been shown that if a partial discharge is used to
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excite a parallel RLC resonant citrcuit the peak value
of the output is direct.ly pro,ortional to the charge

contaired in the discharge,. (2)

Hence if a partial discharge excites a resonant circuit
all the information about its charge can be obtained Dby
capturing the peak value of the cutput of the resonant
circuit. Further, if tres time of occurrence of the
discharge with resmpect to the AC waveform can be
ascertained, a total picture of the activity can be

reconstructed.

The research programme discussed in this paper was
undertaken to produce an inetrument which would be able
to detect the peak value of a partial discharge,
ascertain its polarity and time of occurrence, and to
pags this information to a microcomputer for long term
storage and/or manipulation. The manipulation involves
calculating the actual value of the discharge and
coupling this to its time of occurrence. It will then be
possible to use such a device with non standard
waveforms such as a very low frequency signal or ramp
signal to investigate the inception of partial

discharges.

Work in the field of digital processing of partial
discharge signals was pioneered by Austin and James (6)

who developed a data logging system which interfaced a
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.\



pe
xRt
R o

minicomputer with an existing analogue discharge
detection system and I.A Black (1) who developed a
system which would discriminate noaise from the
discharce informatior.. When the noise elimination system
is developed from this project, the noise will be
eliminated by the use of software techniques, which
differs from Black's work because he used hardware %o

achieve this.

2 Description of present analogue techniques

There are two methods used to detect signals using

a. Narrow band testing.

b. Wide band testing.

Narrow band testing, (also known as radio interference
testing,) is used to pick up the radio frequency
disturbance caused when a partial discharge occurs.
This method uses a high senaifivity selective voltmeter,
designed as a narrow band receiver. The receiver output
is then amplified on either a cathode ray tube or a peak

detecting meter. (3)

For wide Dband testing ( See Figure 2.1) the partial
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