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Abstract: 
Computer-based Partial Discharge (PD) 

data acquisition and analyses are common in 
use. Ovcr the last two decades, there has been 
tremendous growth in PD data processing to 
extract information. There are efforts made to 
make data banks of different PD signature pat- 
terns based on #-p-n measurements on insula- 
tion models. Problems related to standard PD 
measurements and quantification has resulted 
into ambiguous interpretations. This paper 
presents an alternative representation of PD 
data which includes the PD pulse time char- 
acteristics and its phase position. The repre- 
sentation is indicative of PD phenomenon and 
will be useful for PD diagnosis. 

1 Introduction 
Partial Discharge (PD) measurements arc per- 
formed with computer-aided analysers which 
record the charge magnitudc and the time posi- 
tion of the PD pulses. Numerous statistical and 
digital signal processing techniques are applied on 
PD data to interpret the results. Some of the re- 
search topics relates to the unclcrstanding of the 
phenomenon and diagnosis include: 

Stochastic nature of PD: PI) phe- 
nomenon is studied on a pulse to pulse ba- 
sis to correlate the charge magnitude and 
the time difference between pulses. Memory 
propagation effects are investigated to char- 
acterise the discharge phenonienon 11-3,'. 

Discharge mechanism: PD can exist 
as pulsating and non-pulsating discharges. 
The change from pulsating to non-pulsating 
discharge occurs due to change in mecha- 
nism from spark discharge to pseudo-glow or 
glow dischargc. The non-pulsating discharges 
elude detection 141. 

Fingerprint analyses: Distribution pa- 
rameters and q4 - p - n patterns are obtained 

 

for various artificially created defects. Recog- 
nition of the discharge sourcc by computer 
algorithms are attempted which will help in- 
sulation defect diagnosis /S/. 

0 Measurement techniques: PI) dctcctor 
and analyser characteristics affect the mea- 
sured data. Correct and universal quantifica- 
tion of data is possible only with well defined 
standard systems /6/. 

The present paper is an attempt to identify the 
PD fingerprint indicative of the stochastic proper- 
ties of the discharge independent of the measuring 
instrument. 

2 Pulse Sequence Analyses 
Pulse sequence analyses are performed to obtain 
the characteristic time involved in the discharge 
process which is dependent on local field condi- 
tions 131. 

PD experiments were performed with a point- 
plane electrode system and the pulse records were 
obtained for corona discharges at different applied 
voltages. The PD measurement setup consisted of 
a resistive measuring impedance (50R), conven- 
tional P D  detector and an analyser. The output 
of the measuring impedance wa fed to the detec- 
tor and also monitored on the channel one of the 
digital storage oscilloscope (DSO). The detector 
was interfaced with the analyser and the detec- 
tor's output was connected to channel two of the 
DSO. 

The analyser stored the PD pulse information 
in form of PD records on the computer. A sample 
extract from a PD record is shown in Figure l(a). 
It can be observed that the pulses occur in bursts. 
Burst is a cluster of pulses characterised by small 
time interval between them. 

Figure l(b) gives the distribution of the time 
between pulses obtained from the record at 110% 
of the inception voltage. The distribution shows a 
large number of pulses with small time differences. 



Figure 1: Corona discharge (a)PD phase-charge 
plot for pulses in one half cycle (b) time difference 
distribution (c) time difference distribution with 
threshold. 

Pulses with large time differences are negligible 
compared to the pulses with small time differences 
and therefore, they are not visible in Figure l(b). 
The distribution primarily give the time difference 
information of pulses within the clusters (intra- 
cluster time information). The distribution shows 
significant contribution of pulses having less than 
30ps  time interval. 

To study the inter-cluster spacings (time inter- 
val between clusters), a threshold of 30ps is con- 
sidered on the time difference distribution and an- 
other distribution is obtained (Figure l(c)). It can 
be seen from the figure that the inter-cluster time 
varies upto 8001~s. 

Analyses were performed on intra-cluster and 
inter-cluster pulse hehaviours with the help of dis- 
tributions. From the record obtained at 110% 
of the inception voltage, the pulse data were ar- 
ranged to give 4-q-n distribution (Figure 2(a)), 
4 - t - n (phase-time difference-number) distri- 
bution (Figure 2(b)) and the charge distribution 
(Figure 2(c)). These distributions were used to 
investigate the dependence of the charge magni- 
tude and the time interval between pulses on the 
applied stress. Since, the dependence is studied 
on a pulse to pulse basis, the instantaneous stress 
comes in play. The study on the intra-cluster 
pulses and the inter-cluster pulses are treated sep- 
arately and are given below: 

Figure 2: Corona discharge (a) 4 - q - n distri- 
bution (b) 4 - t - n distribution (c) charge distri- 
bution 

2.1 Intra-cluster pulses 
Intra-cluster  charge magnitude 4 - t - n 
distribution show pulscs with small time dif- 
ferences to appear at all active phase win- 
dows. To study the charge distributions at 
different phase angles, conditional charge dis- 
tributions were obtained as showri in Fig- 
ure 3. Figure 3(a) is the charge distribution 
at 275 degree phase angle and Figure 3(b) is 
the charge distribution at 300 degree phase 
angle. These conditional distributions can 
be compared with the unconditional charge 
distribution (Figure 2(c)) and it can be con- 
cluded that the discharge magnitudes do not 
show significant depcndence on the phase po- 
sition of the pulse. This brings out an impor- 
tant conclusion that intra-cluster pulse msg- 
nitudes do not depend on the instantaneous 
stress. 

Intra-cluster time interval  Variation of 
pulse time interval were studied along with 
the phase of the AC voltage. The time be- 
tween pulses were observed maximum at the 
start and the end of the pulse sequence in any 
half cycle, minimum being at the peak stress. 
Figure 4 gives the osciilogram of detector's 
output obtained with the DSO at 200% in- 
ception voltage. It can be seen that the PD 
detector shows a DC shift (no pulse) at the 
negative peak of the applied voltage. The 
pulse magnitude also decreases with increase 
in the stress. The analyser made no measure- 



Figure 3: Conditional distribution of charge mag- 
nitude with (a) 275 degree phase angle (b) 300 
degree phase angle 

Figure 4: PD Detector's output, lV/div (ver), 
Zrnsldiv (hor) 

ments around 270 degree phase angle 

Oscillograms of pulses developed across thc 
measuring resistance were captured at thc 
negative peak of the applied voltagc for six 
difFerent voltages in the range of 110% to 
200% inception voltage. Figure 5 gives the 
oscillogram obtained at the applicd voltage 
of 200% inception voltage. The periodic vari- 
ation of thc pulses can be clearly seen from 
it. The time between pulses were found to 
vary from 35ps at 110% inception voltage to 
21s at 200% inception voltage. 

As the time interval between pulses decreased 
along the phase and at the same phase with 
different applied voltages, it can bc concluded 
that the intra-pulse spacing decrease with in- 
crease in the instantaneous stress. 

The time difference between some pulses were 
found to be less than the resolution time and 
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Figure 5: PD pulse oscillogram, 50mV/div (ver), 
(1ps/div (hor) 

the dead time limits of the detector arid the 
analyser respectively, and hence no memure- 
ment of pulses at some phase angles (ncar 
270 dcgrec) were observed. The output of 
the detector can show decrease in the pulse 
magnitude along the phase upto 270 degTee 
phase due to superposition errors caused by 
the overlappiug of pulses. However, it is diffi- 
cult to comment on the discharge magnitude 
trend at very high applied stress as thc mode 
of discharge may change due to the strong 
local field. 

2.2 Inter-cluster pulses 

To study thc inter-cluster pulse characteristics, a 
set of distributions (Figure 6) were obtained by 
conditioning the distribution set shown in Fig- 
lire 2 by the threshold value of 30ps. The 4-4-71 

(Figure F(a)) distribution shows a positive corre- 
lation with instantancous stress, the chargc mag- 
nitudc increasing with increase in the stress. 

It can be seen in the 4- t - n distribution (Fig- 
ure 6(b)) that the clusters are distributed with dif- 
ferent inter-cluster time, thc largest inter-cluster 
time occurring at around the negative peak of the 
applied voltage. This is possible because of sinu- 
soidal variation of the stress, thc rate of change 
in the stress decrease in the phase range of 180 
degree to 270 degree and same delta change in 
stress near 180 degree will occur a t  a lesser timc 
as compared to that near 270 degrec. However, 
the probability of finding clusters at higher stress 
decreases with increase in stress as then the clus- 
ter spans for larger time. 

The charge distribution is found to be different 
from the unconditional distribution (Figure 2(c)) 
exhibiting dependence of charge magnitude on 
time characteristics of pulses. 



Figure 6: Corona discharge with threshold of 3 0 p  
(a) + q - n  distribution (b) 4- t -n distribution 
(c) charge distribution 

Figure 7: 4 - t - n patterns for (a) Intcrnal dis- 
charge (b) Surface discharge (c) Corona discharge 
in presence of a dielectric. 

3 q5 - t - n Representation 

Figure 7 gives 4 - t - 7~ patterns for internal 
discharge (Figure 7(a)), surface discharge (Fig- 
ure 7(b)) and corona discharge in presence of a 
dielectric (Figure 7(c)). It can be observed that 
the patterns are distinct and will be useful for 
discharge recognition. As has been discussions 
abovc, the d, - t - n can be used to explain PD 
pulse time characteristics. Implementation of the 
4 - t - n analyser is simple as only measurement 
of time position of the pulse is required. Thc dc- 
tection of the pulse can be done using logic com- 
parators which will make the 4 - t - n analyser 
very fast overcoming the resolution limitations of 
conventional analysers. 4 - t  -n analysers are also 
independent of measuring instrument characteris- 
tics and experience of the user. 

3.1 Conclusions 
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