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Abstract: Partial discharge (PD) pulses are mea- 
sured to assess the condition of the insulation under 
test. The pulse magnitude and its phase position are 
the most commonly measured parameters. The PD 
pulse magnitude is used as an index to the quality 
of the insulation under test. The phase information 
is used to identify the type of PD. The most com- 
mon method of PD analysis is s ta t is t id  analysis on 
PD distributions. The representation of PD data 
as distributions all though convenient for represen- 
tation of magnitude variations, loses the PD pulse 
sequence information. Recent studies have shown 
that PD pulse sequence contains information use 
ful for understanding of PD phenomena. The pa- 
per presents pulse sequence studies with PD data 
obtained from model insulation systems represent- 
ing different types of discharge models. The study 
brings out different characteristics of discharges and 
their variations with the applied voltage. The pa- 
per discusses the changes in the charge magnitude, 
the time between pulses and their relation with the 
phase of occurrence of PD. The use of time informa- 
tion for simple measurement and recognition of PD 
is also discussed. 

Introduction 

Modern PD analyzer provides a complete record 
of PD events obtained during the time of observa- 
tion. The PD record contains charge magnitude and 
phase position data for all PD pulses measured. The 
time between PD pulses can be computed from the 
phase data. A variety of analysis techniques can he 
applied on the data to extract characteristic infor- 
mation. Figure 1 gives a schematic block diagram 
that shows different approaches used for analysis 
and interpretation. The distribution analysis fol- 
lows probabilistic models and is popularly used for 
ageing characterization, the pulse sequence analy- 
sis method characterizes temporal behavior of data 
and thirdly, the group for various analysis based on 
transforms or state based techniques (eg. Fourier 
transform, Neural analysis etc.) are mainly used for 
classification. 

The paper presents pulse sequence studies. This 
approach for analysis is selected for the following 

BaSiC 
Qusmirier 

Figure 1: Block diagram of various schemes for PD 
analysis 

reasons. 

It can reveal information useful for understand- 
ing of the physical process involved with the 
system [l]. 

Characterization based on time information has 
measurement advantage [2,3]. 

Pulse sequence analysis can lead to instrument 
independent characterization. Narrow band 
and wide band detector differ in their resolu- 
tion ability and therefore the data collected us- 
ing them may vary [3]. 

A new compositional technique for pulse s e  
quence analysis is developed to characterize PD. The 
technique identifies and characterizes structural in- 
formation present the data. 

The New Compositional Technique 

The pulse sequence data obtained from a PD record 
can be viewed as a train of PD pulses with vary- 
ing magnitude and time intervals accumulated over 
number of ac cycles. PD pulses can be distin- 
guished based on time interval between pulses and 
grouped together as clusters. Grouping PD pulses 
allows group level treatment for the entire sequence 
and also individual treatment for pulses within a 
group. Figure 2 gives the composition followed for 
PD pulses in a PD record. 
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Figure 2: PD data structure 

A cluster can be characterized and represented 
with its structural parameters as shown in Figure 3. 
The definitions of terms used in the representation 
are given below. 

Inter-cluster charge magnitude ( Q I ) :  Inter- 
cluster charge magnitude is the charge magni- 
tude of the first pulse in a cluster. 

Inter-cluster time (TI): Inter-cluster time is the 
time between two clusters. 

Intra-cluster charge magnitude (qi): Intra- 
cluster charge magnitude is the charge magni- 
tude of pulses within a cluster except for the 
first pulse. 

Intra-cluster time (ti): Intra-cluster time is the 
time between pulses within a cluster. 

Cluster size (N): The cluster size is given by the 
number of pulses in a cluster. 

Analysis with clusters 

PD data collected with experiments performed for 
corona discharge, barrier discharge, surface dis- 
charge and internal discharge at multiple overvolt- 
age levels with wide band detector (resolution - 6 p )  
and analyzer system (dead time - lops) are used 
for analysis. Corona discharges were obtained with 
a poineplane (265pm tip diameter) separated with 
8mm gap distance. The same arrangement was used 
for barrier discharges with a PMMA sheet used as 
barrier at 8mm distance. For surface discharge ex- 
periment, the point rested on the dielectric sur- 
face. Internal discharge was created with a sample 
made by having a PMMA sheet with a void of 6mm 
depth and lOmm diameter sandwiched between two 
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Figure 3: A cluster representation of PD data 

PMMA sheets of 1.5mm thickness and placed be- 
tween plane electrodes. 

The study is made with Q-q-n and Q-t-n dis- 
tributions. Q-t-n distribution is a 3D distribution 
of time interval between pulses and phase position. 
It shows phase resolved time interval distribution 
obtained by representing nth pulse in a sequence by 
time interval (At,) and phase position (4,) where 
At, = Qn+l - Qn. The Q - t - n distribution there- 
fore contains pulse information present in natural se- 
quence of occurrence of pulses along its phase angle. 
All 3D distribution patterns are presented as images 
with gray scale intensity representing the count. 

Q- t-n distributions are used to obtain thresh- 
old values to separate clusters from the pulse se- 
quence data [2]. Threshold values of 6op8 for corona 
discharges and of 1 O O p  for barrier, surface and in- 
ternal discharge are selected for analysis. 

The analysis is performed to study dependence 
of PD pulse charge magnitude and time intervals 
on the applied voltage. The study is made at two 
overvoltage levels of 1.3K and 1.5K. The results are 
expressed as observations from the 3D distributions 
and numerical values of cross-correlation coefficient 
between charge distributions. 

Results 

Figure 4 and Figure 5 show unconditional (all 
pulses) and inter-cluster Q - q - n distributions re- 
spectively for corona, barrier, surface and internal 
discharges at 1.5K. Intra-cluster Q - q - n distribu- 
tions were very similar to the unconditional distribu- 
tions and therefore not shown. Comparison of inter- 
cluster and intra-cluster charge distributions with 
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Tahle 1: Cross correlation factors for charge distribu- 
tions 

I1 I I I I II 

Corona 
discharge 

H Type I voltage I q-n I inter I intra 
I I I I 

1.3 V, 1 -0.072 0.998 
1.5 & 1 -0.141 0.999 

Barrier 
discharge 

1.3 & 1 0.900 0.997 
1.5 Vi 1 0.880 0.999 

Surface 
discharge 

+ve Internal 
discharge 

-ve Internal 
discharge 

2" 
1.. 

1.3 V, 1 0.939 0.883 
1.5 V, 1 0.924 0.836 

1.3 V, 1 0.881 0.997 
1.5 & 1 0.948 0.991 

1.3 & 1 0.827 0.983 
1.5 V, 1 0.996 0.998 

Figure 8: 4-t-n distributions: (a) corona discharges, 
(b) barrier discharges, (c) surface discharges and (d) in- 
ternal discharges 

I I 

3. A high resolution 4 - t - n distribution is c a p  
turd with the q5 - t - n analyzer which are 
simple to implement and use. 
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ysis treats PD data as clusters which exhibit 
characteristics of PD type. 

2. 6 - t - n distributions represent pulse sequence 
and can be used for characterization and recog- 
nition of PD. 
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Figure 7 +-t--ndistributions from$-t-nanalyzer: 
(a) corona discharges and (h) barrier discharges 
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