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PARTIAL DISCHARGE BEHAVIOUR OF TWO (OR MORE)
ADJACENT CAVITIES IN POLYETHYLENE SAMPLES

Michael G. Danikas
∗

In the present paper, the partial discharge behaviour of two (or more) adjacent cavities in polyethylene samples is
investigated. The recorded discharge currents had very steep rise times (in the range of ns). The question as to whether
a simultaneous breakdown occurs in both cavities or the breakdown of one cavity causes the breakdown of the other(s) is
discussed.
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1 INTRODUCTION

Partial discharges in enclosed cavities cause deteriora-
tion and degradation of the insulation materials and sys-
tems. Much work performed in this research field has been
directed, among other subjects, towards a better under-
standing of the discharge mechanisms, their relation to
material damage [1, 2] and the techniques employed for
the detection of discharges [3]. This work was followed by
further studies on topics, such as, eg, the electrical field
distribution in enclosed cavities in solid insulating mate-
rials [4], pre-stressing effects in cavities [5], initiation of
discharges in pre-existing cavities or in cavities created
during the ageing process [6] and the effect of extremely
small partial discharges on solid insulation [7].

Significantly less work has been reported on the possi-
bility of having two adjacent cavities in a solid dielectric
[8] and their discharge behaviour. The present paper stud-
ies the behaviour of two adjacent cavities in polyethylene
samples and it examines whether in such a case there can
be an influence of one cavity on the other. The case of
three adjacent cavities and the resulting discharge cur-
rent as well as the related apparent charge are also inves-
tigated.

2 EXPERIMENTAL ARRANGEMENT

The experimental arrangement is shown in Fig. 1. The
purpose of this arrangement was to register fast partial
discharge events in an insulating sample containing cav-
ities. The lower electrode was split into a central mea-
suring disc and a surrounding ring which acted as a cou-
pling capacitor. The radius of the measuring electrode
was made small to reduce stray capacitances but not too
small because otherwise the moving charge carriers would
induce a current in the grounding connection of the sur-
rounding ring [9–11]. The radius R of the measuring elec-

trode should be larger than or equal to 2d (d being the
interelectrode gap spacing). A 1MΩ resistor on the high
voltage electrode offers protection in case of breakdown.
The measuring resistor has to be small enough to improve
the frequency response and still adequately large to give a
reasonable sensitivity. A detailed analysis (regarding the
role of stray capacitances and that of the capacitance be-
tween the measuring electrode and the ground, the choice
of the coaxial cable type and its length and their influence
on the rise time of the discharge current) of the electrode
arrangement during a partial discharge will not be given
here since this has been described in previous publications
[11–14]. From [11–14], it is evident that partial discharge
currents with rise times of 0.6 ns can be measured. This
has been experimentally shown. The fast measurements
of the discharge currents were carried out with the aid of
a 7912 AD digitizer.

Tests were carried out by using polyethylene sheets of
0.16 mm thickness each, seven in all. Two cavities, each
of 0.16 mm thickness and of 2 mm diameter separated by
5 mm from each other were made in a polyethylene sheet
in the middle of the stack. The cavities were orthogonal to
the applied electric field (Fig. 2). The tests were carried
out at 4 kV, 50 Hz. In the case of three adjacent cavities,
the experimental conditions, the dimensions as well as the
orientation of the cavities wrt the electric field were the
same.

3 EXPERIMENTAL RESULTS

The discharge currents were recorded by using a
polyethylene sample with two adjacent cavities as de-
scribed above. It must be noted that, in the context of
this paper, we always refer to individual measurements of
discharge currents. The recorded discharge current had
a rise time of 0.61 ns and gave an apparent charge of
61.5 pC (Fig. 3). The apparent charge was calculated
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Fig. 1. Subdivided electrode arrangement for the study of discharge
currents in polyethylene cavities.

Fig. 2. Two cavities close to each other and orthogonal to the
applied electric field.

by integration as in all subsequent measurements. Fig-
ure 4 shows yet another individual measurement under
the same conditions giving a rise time of 0.66 ns with an
apparent charge of 64.8 pC. Both cavities were subjected
to the same electric field. Which one of the cavities will
discharge first depends on the electrons available, their
positioning in each of the cavities as well as the micro-
geometry of the cavities. For comparison we show the
discharge current in a single enclosed cavity (of 0.16 mm

thickness and 2 mm diameter) in a polyethylene sample
consisting also of seven sheets. It can be seen that the rise
time of the discharge current is about the same (0.64 ns)
and the apparent charge about 35 pC (Fig. 5). Thus we
see that, although the rise time for the above two cases
remains more or less the same, the apparent charge in the
case of two adjacent cavities is roughly twice the apparent
charge appearing in a single cavity.

In the case of three adjacent cavities (of the same di-
mensions as the ones before, all other experimental condi-
tions being the same), the following results were recorded:

Table 1. Individual measurements of partial discharge currents in
the case of three adjacent cavities. The applied voltage was 4 kV.

Rise time (ns) Apparent charge (pC)

1.54 85.2
1.76 88.7
2.20 111.2
2.34 98.3
2.10 88.6

It is evident from the above that, with three adjacent
cavities, the rise time becomes greater and that the ap-
parent charge becomes about three times larger than in
the case of a single cavity.

Although it has been argued that a mutual influence
of the discharges (in the neighbouring cavities) should be
excluded [8], more recently it was theoretically indicated
that the eventual breakdown of one cavity may create
transient overvoltages across the other cavity [15–18].

4 DISCUSSION

The question emerges as to whether two adjacent cav-
ities suffer a simultaneous breakdown, or there is a break-
down in only one of the cavities (probably because of a

Fig. 3. Individual measurement for the case of two adjacent cavities
(orthogonal to the applied electric field). The recorded rise time of
the discharge current is 0.61 ns and the related apparent charge

61.5 pC.

Fig. 4. Individual measurement for the case of two adjacent cavities
(orthogonal to the applied electric field). The recorded rise time of
the discharge current is 0.66 ns and the related apparent charge

64.8 pC.
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favourable positioning of an electron in one of the cavi-
ties) or the discharge in one cavity influences the ignition
of the discharge in the other cavity. From these three
hypotheses, the second one has to be disregarded since
the apparent charge with two (or three) cavities becomes
greater than the apparent charge with a single cavity.
In [15–18] it has been argued that the discharge in one
cavity influences the ignition of a discharge in the other
cavity. This has been shown on the basis of a modified
version of the classical capacitance model [19, 20] and of
the Electromagnetic Transients Program (EMTP).

Fig. 5. Discharge current waveform of a single cavity. The recorded
rise time is 0.64 ns and the related apparent charge 35 pC.

The results taken with two adjacent cavities indicate
that although the rise time does not greatly differ from
the rise time of a single cavity, the apparent charge be-
comes almost double. Although the almost doubling of
the apparent charge suggests the existence of a triggering
mechanism, this explanation does not seem to be ade-
quate enough for the rise time remaining about the same
in both cases. In the case of three adjacent cavities, how-
ever, an increase of the rise time as well as of the apparent
charge were observed wrt the case of a single cavity. This
suggests a possible existence of a triggering mechanism,
ie that an eventual breakdown of one cavity may trigger
breakdown in the second cavity and so on [18]. Such a
triggering mechanism may have a duration in the range of
ns [15]. The results reported here agree qualitatively with
the above assumption since our recording of partial dis-
charge currents (with three adjacent cavities) shows that
such events take place also in the range of ns. However,
a proof that the recorded results are due to a triggering
mechanism cannot be offered at this stage. What we have
here, however, are indications that this can be the case.

What is indicated here is also of industrial impor-
tance because discharging cavities may ignite discharges
in neighbouring cavities. The consequence of a triggering
mechanism would possibly be a more intense discharge
activity in the insulation and its faster deterioration. As
was noted in [15–18], repetitive discharges — because of
the triggering mechanism—may be created, thus causing
deterioration. Such repetitive phenomena may be extin-
guished when the applied voltage is not any more high

enough and they will be repeated at the next maximum
of the applied voltage.

It is evident that, at least for now, we tend to concen-
trate more on the recorded results with a number of adja-
cent cavities (and their related indications) rather than on
a full explanation of these results. It is our view that more
experiments with a number of adjacent cavities must be
carried out in order to acquire a statistical sense of both
the variation of the rise time and of the variation of the
apparent charge wrt the case of a single cavity. Further-
more, as another research aim should be the search for
the ‘inter-cavity critical distance’ between adjacent cav-
ities. Adjacent cavities are characterized as ‘closely cou-
pled’ when the inter-cavity distance is comparable with
the cavity diameter. An interesting approach would be
to investigate, both experimentally and with the aid of
the aforementioned modelistic analysis, whether the pro-
posed triggering mechanism ceases to work beyond a cer-
tain ‘inter-cavity critical distance’. In this respect, data
mentioned in [21–23], regarding cavity densities in poly-
meric power cables, can be the starting point.

5 CONCLUSIONS

Results referring to two (or more) adjacent cavities in
polyethylene have been presented in this paper. A mod-
elistic approach of the interaction between discharges in
adjacent cavities only partially explains the experimental
data of the present paper.
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