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COMMUNICATIONS

ON THE DISCHARGE PHENOMENA
BELOW INCEPTION VOLTAGE: FURTHER
EXPERIMENTAL RESULTS WITH AIR GAPS
Michael G. Danikas

∗

The problem of possible insulation damage — due to random discharges — below the inception voltage has not attracted,
as a subject of research, much attention worldwide. Indications of possible damage below inception in solid dielectrics already
exist. In this paper, we examine the existence of random discharges in small air gaps with a fixed applied voltage. It is
concluded that random discharges (in some cases quite numerous) may appear in air gaps even greater than the air gap at
which normally breakdown takes place.
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1 INTRODUCTION

The problem of possible insulation damage below inception voltage as well as its importance for the industry
have been reported in some publications [1–6]. These papers refer to possible damage of solid insulating materials.
This damage is caused from random discharges that take
place below inception. In the present paper we will try to
show this problem from another point of view, namely
that of the air gaps. If what is mentioned in [1–6] is
correct, then similar phenomena, ie, random discharges,
should also appear in air gaps larger than the air gap at
which normally breakdown takes place.
In this paper, indications are offered indeed that random discharges in such air gaps may appear. This validates even more the conclusions of [1–6].
2 EXPERIMENTAL ARRANGEMENT
AND PROCEDURE

For the purpose of this work, a small Greinacher generator was used [7]. The generator produces invariably
7.5 kV. This is applied to a needle-plane electrode arrangement with the needle electrode having a radius
of 0.3 mm. The discharges that take place are detected
via a typical R –C circuit (R = 150 kΩ, C = 39 µF).
When the electrode set-up discharges, it produces the well
known Trichel pulses on the screen of a Tektronix oscilloscope (type 7623 A, bandwidth 20 MHz) [8]. There is
freedom of movement of the lower plane electrode with
respect to the upper needle electrode. The distance between the electrodes is measured with the aid of feeler
gauges.
The electrode arrangement normally discharges when
the air gap is 1.80 mm (ie, the inception voltage for this

gap is 7.5 kV). In this case (and of course for distances
smaller than that) the recorded discharges are continuous, in most cases bridging the air gap. This means that
breakdown of the air gap takes place. Having in mind that
the generator gives a fixed voltage, it would be interesting
to observe the discharge phenomena at distances larger
than 1.80 mm. It is our belief that if there are discharges
for distances larger than 1.80 mm, then this might be an
additional indication of the fact that discharge phenomena may appear for voltages below inception.
3 EXPERIMENTAL RESULTS
AND DISCUSSION

The needle electrode can be seen in Fig. 1, in expanded
view. The maximum electric field Emax which is developed at the tip of the point electrode is given by
Emax = 2 s Eavg



r ln 1 + (4s/r)



(1)

where, Emax is the field at the needle tip, Eavg is
the average electric field applied in the gap spacing,
s is the electrode gap spacing and r is the radius of
the needle tip [9]. Having in mind that s = 1.80 mm,
the applied voltage V = 7.5 kV (consequently, Eavg =
7.5/1.80 = 4.16 kV/mm), r = 0.3 mm, we have Emax =
15.59 kV/mm.
For this value of the maximum electric field, continuous discharges were recorded. The recording was carried
out with the aid of a detecting and counting electronic circuit (incorporating a programmable micro-controller) and
appropriate software which transferred the total number
of discharges on the screen of a personal computer. In
Fig. 2, the whole experimental arrangement is shown. For
field values such as those above as well as larger ones (ie,
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Fig. 1. Expanded view of the needle-plane electrode arrangement.
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Fig. 2. Experimental arrangement used. By ‘electronic circuit’
is meant the detecting and counting circuit incorporating a programmable micro-controller which transferred the number of
recorded discharges to the PC (personal computer).

Table 1. Results of tests carried out with a gap spacing of 2 mm.
Shown are also the test time as well as the number of recorded
discharges.

Gap spacing Test time Number of
(mm)
(min) discharges
2
60
1274
2
60
128000
2
60
53000
2
50
5
2
45
26765
2
45
57120
2
45
25789
2
45
0
2
40
2148
2
30
54
2
30
103
2
30
1

with the gap spacing smaller), continuous discharges appear on the screen of the oscilloscope and some tens of
thousands of discharges are detected and recorded via the
detecting and counting electronic circuit.
If we set the distance between the electrodes at 2 mm,
the discharge phenomena become intermittent. In this
case, we have, based on Eq. (1) (by setting s = 2 mm,

Eavg = 7.5/2 = 3.75 kV/mm, all other parameters being
the same as before), that Emax = 15.15 kV/mm.
The recorded discharges can be counted in thousands
or become very few indeed. Observation of the discharge
events at 2 mm shows that very often such events could
not bridge the air gap. On one occasion actually, there
were no discharges recorded after a test of 45 min. Table 1
shows the results in detail.
It is worth noting that with the above experimental
conditions the discharge behaviour seems to be erratic
indeed. In some tests, discharges were recorded in thousands whereas in others there were only very few registered. No complete explanation of such differences can be
given for the time being. It is precisely this unpredictability of the discharge behaviour below inception that has
to be taken into account in designing insulating systems
[10].
The fact that between the two aforementioned cases,
the maximum electric field does not differ that greatly
means that there is a very fine distinction between the
field necessary for the inception of discharges and the
field which only occasionally causes discharges. This is
an observation not to be underestimated since it agrees
qualitatively with the data collected in [1–6], where tests
have been carried out with polyethylene. Criticism that
may be directed against this work is that the difference
between 1.80 mm and 2 mm is very small and in such
small air gaps events or transition regimes sometimes
become rather blurred. The answer to this is that with
repeated experiments 1.80 mm was indeed the maximum
gap offering continuous discharges whereas 2 mm was the
gap where discharge events started to be intermittent.
If one remembers well the conclusions of [1–6], namely,
that there are indications that insulation damage can be
caused even below the inception voltage, and that the
nature of damage below inception is chemically similar
to the damage at or above inception, one can reach similar conclusions also for the case of air gaps. It is indicated
here that random discharges may exist even at a gap spacing greater than the maximum air gap which normally
discharges at the applied voltage of 7.5 kV. Random discharges, in the case of 2 mm, appear sometimes very few
but they can also number some tens of thousands.
4 PROPOSALS FOR FUTURE RESEARCH

It is planned to carry out further experiments regarding various gap spacings above 2 mm. Not only the number of discharges but the magnitude of the detected discharges should also be registered. By doing that we will
be able to draw graphs of gap spacing versus discharge
magnitude (or discharge current) and we will be able to
see whether a sharp transition from non-conduction to
conduction exists, as was suggested in [10]. Furthermore,
more complex insulating systems should be tested, like,
for example, polyethylene sheets covering the plane electrode, relating thus the present work with the work of
[1–6]. In this case, a complex system of air/polyethylene
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is created and its behaviour can be investigated. Chemical analysis can be carried out in such an arrangement
for voltages below and at inception and a comparison between the byproducts of both cases will be made.
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This short paper gives some experimental data on random discharges that may appear even in air gaps which
are larger than the maximum gap which is related to continuous discharge phenomena. Random discharges may
exist indeed even below inception. The experimental results offered in the present work confirm qualitatively previous results carried out with solid dielectrics.
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