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FAST MEASUREMENTS OF PARTIAL DISCHARGES
IN POLYETHYLENE CAVITIES WITH THE AID

OF A SUBDIVIDED ELECTRODE ARRANGEMENT:
A STUDY OF CIRCUIT PARAMETERS ON THE

WAVESHAPE OF THE DETECTED PD CURRENTS

Michael G. Danikas
∗

Cavities enclosed in insulating materials are usually the source of partial discharges which in turn cause the deterioration
of the surrounding material leading to ultimate failure. A study of fast partial discharge current measurements is essential
to the understanding of discharge mechanisms. Especially the study of discharge currents with the aid of modern digitizers
may give new insights as to the workings of partial discharges. In this paper, a detailed study of the electrode set-up together
with the relevant circuit parameters influencing the partial discharge current waveshape are given.
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1 INTRODUCTION

Partial discharges (PD) taking place in enclosed cav-
ities cause deleterious effects on insulating materials. A
huge amount of technical literature has been devoted to
the subject of PD [1–6]. PD can be dangerous for the life
time of electrical insulation [7,8]. Such phenomena have
been studied in relation to the life time of the insula-
tion as well as to the material damage caused. Moreover,
the mechanisms of PD have been extensively investigated
[9-11].

Fast measurements of PD currents contribute con-
siderably to our better understanding the workings of
these phenomena in enclosed cavities. Such measurements
greatly help to define the various PD types (Townsend,
streamer or swarming partial micro-discharges) [12-14].
The result of such measurements, however, depends on
the electrode arrangement and its relevant circuit param-
eters. It is the aim of the present paper to study the
influence of circuit parameters on the waveshape of the
detected PD currents.

2 EXPERIMENTAL ARRANGEMENT

The experimental arrangement used is shown in Fig. 1.

Tests were carried out at 4.2 kV, 50 Hz a.c. volt-
ages. The diameter of the upper Rogowski electrode was
200 mm and that of the lower plane electrode 300 mm.
Seven polyethylene sheets, each having a thickness of
0.16 mm, were sandwiched between the electrodes. In the
middle sheet a cavity having a diameter of 2 mm was

Fig 1 Subdivided electrode arrangement for the study of PD cur-
rents in plyethylene cavities.

It is to be noted that the upper electrode is in an
atmosphere of SF6 in order to avoid discharges at its
perimeter. The SF6 did not diffuse into the cavity. In [15] a
detailed study of the breakdown voltages in the cavity
showed that these were very much the same with those of
Paschen’s curve. In Figure 2 an expanded view of the
upper and lower electrodes can be seen together with the
equivalent circuit. The radius R of the measuring
electrode should be small to reduce stray capacitances but
not too small because in that case the moving charge
carriers induce also a current in the ground connection of
the surrounding ring thus reducing the current through
the measuring resistor. It has been shown [16, 17] that the
current im in the lead of the measuring electrode
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electrode is
im =

(

ESR/USR

)

qv (1)

where, q is the charge moving with a velocity v , ESR the
electric field component parallel to v along the true path
of the charge q and USR the voltage given to the mea-
suring electrode while all other electrodes are grounded.
The radius of the measuring electrode should be larger
than or equal to 2d , where d is the gap spacing [18]. In
the present case, since the gap spacing was 1.12 mm, a
measuring electrode of a radius R of 9 mm was used.

Fig 2 Expanded view of the upper and lower electrodes and their 
equivalent circuit (Ct is the capacitance consiting of the capaci-
tance of the cavity, the capacitance of the dielectric in series with 

the cavity and the capacitance of the rest of the dielectric).

Fig 3 The electrode arrangement during a PD. All symbols are 
explained in the text.

Figure 3 shows the electrode arrangement during a
partial discharge. C′

k and C′

k
′ are the stray capacitances, Cb 

+ Cc is the capacitance of the solid insulation adja-cent to
the cavity, Uv represents the cavity as a voltage source
during the PD, Cp is the capacitance between the
measuring electrode and the ground, Rm is the measur-ing
resistor, L1 is the inductance of the cavity and L2 the
inductance of the measuring system. An explanation is
due for Uv : of course it is a current source represent-ing
the PD current, with parallel capacitance (Fig. 4), this,
however, can be transformed into a voltage source with a
series capacitance with the aid of Thevenin’s the-orem
(Fig. 5). In fact the stray capacitance is difficult to be
localized because it is distributed in the electrode ar-
rangement. The same is valid for inductances L1 and L2

but we may consider that these are small enough so that
they can be neglected. The equivalent circuit of the elec-
trode arrangement of Fig. 3 can be seen in Fig. 6, where
Ck is formed from C′

k and C′′

k .

Fig 4 Equivalent circuit of the cavity and its surrounding dielectric
(Ca - capacitance of the cavity, Cb - capacitance of the dielcetric in
series with the cavity, Cc - capacitance of the rest of the dielectric).

Ca acts as a current source

Fig 5 The current source of Fig.4 is transformed into a voltage
sourcew with the aid of Thevenin’s theorem.

Fig 6 Equivalent circuit of that in Fig.3

The response of the circuit of Fig. 3 (without induc-
tances) is

τ = Rm(Ce + Cp) (2)

where, Ce = Ck(Cb + Cc)/(Ck + Cb + Cc), Ck being
the overall stray capacitance. It is seen that the response
time τ may be reduced by decreasing Cp (ie by using
a smaller radius for the measuring electrode) and/or by
using smaller measuring resistors. Suitably chosen val-
ues — and having as diameter of the measuring elec-
trode 18 mm, the total thickness of the seven polyethy-
lene sheets 1.12 mm, the thickness of the cavity 0.16 mm
and its diameter 2 mm — such as Cb = 0.063 pF, Cc =
4.3 pF, Ck = 299 pF, Cp = 20 pF and Rm = 25Ω, give
a response time of 0.60 ns. (A diameter of the measur-
ing electrode 38 mm, with all other experimental param-
eters being the same, gives Cb = 0.063 pF, Cc = 19.3 pF,
Ck = 284 pF and Cp = 42 pF and a response time of
1.5 ns). Regarding the value of Rm , this is formed by
two terminating resistors of 50Ω each, at either end of
a coaxial cable which leads to a 7912 AD digitizer which
can register single-shots up to 0.2 ns/div.
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3 THE COAXIAL CABLE

The coaxial cable (either RG 58 or RG 214) connecting
the measuring electrode to the digitizer should not be un-
necessarily long otherwise there will be reflections which
will distort the PD fast measurements. For this purpose, a
Hewlett-Packard reflectometer was used, connected to the
coaxial cable and eventually to the measuring electrode
in order to study the reflections of the whole arrangement
(Fig. 7).

Fig 7 Arrangement for the measurement of reflections

The reflection measurements have been carried out
through an Rm of 50Ω, a resistance of the coaxial cable
of 50Ω and an input resistance of the measuring appa-
ratus also of 50Ω.

Fig 8 Measured reflections of the coaxial cable and the measuring
electrode (coaxial cable RG 214).

Figure 8 shows the measured reflections of the coaxial
cable and the measuring electrode. Given that the reflec-
tion time (Fig. 8) is 38 ns and the velocity of the signal in
a coaxial cable is 200 Gm/s we have that the cable length
should be

38× 10−9
× 2× 108/2 = 3.8m.

The cable which was used had a length of 4 m. With
the aid of such a cable length the PD measurements can
be carried out in the right manner and the reflections
caused either from the coaxial cable or the measuring
electrode are avoided (the duration of a PD signal is
shorter than 10 ns). The PD fast measurements can also
be influenced by the type of coaxial cable. It has been

shown from previous work that the rise time of a signal
depends on whether the coaxial cable is of the RG 58 or of
the RG 214 type [19, 20]. Figure 9 indicates that smaller
rise times are obtained with the RG 214 cable type than
with the RG 58 cable type.

Fig 9 Dependence of the rise time on the type of the coaxial cable.
Note also that lenghty coaxial cables cause an increase in the rise

time.

On the other hand, it is known that the RG 58 cable
type has a higher damping coefficient (49 dB per 100 m
at 400 MHz) than the RG 214 cable type (13 dB per
100 m at 400 MHz). In the present work the RG 214 cable
type was used. Figures 10 and 11 show the PD current
waveshapes for the RG 214 cable type and the RG 58
cable type respectively. It is evident that the former cable
type causes less damping than the latter.

Fig 10 Effect of the RG 214 coaxial cable on the damping of the
PD current waveshape.

4 THE VALUE OF THE

MEASURING RESISTOR

It has been noted above that the rise time depends on
the measuring resistor Rm . The aforementioned value of
25Ω results from two resistors of 50Ω each in parallel
(50//50Ω). A further reduction of Rm (provided that
all the rest of the parameters of Eq. (2) remain the same)
will in turn reduce the rise time of the PD signal, ie
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we would be able to detect even faster PD events. If
we have instead a 8.8.//50Ω combination, Rm becomes
7.5Ω. That would have as response time for the circuit
τ 0.45 ns. Figure 12 shows a PD waveshape with such a
resistor combination. Although the rise time of the PD
signal is getting somehow shorter, a greater oscillation is
observed. For the measurements of the present work a
resistor combination of 50//50Ω was used.

Fig 11 Effect of the RG 58 coaxial cable on the damping of the
PD cuurent waveshape.

Fig 12 Waveshape of a PD current with an Rm = 7.5Ω

Fig 13 Reflections noted at the tail of a PD current waveshape (5
ns/div, 200 mV/div).

5 THE PARALLELISM OF THE ELECTRODES

Another influence on the PD current measurements
can come either from the non-parallelism of the electrode

surfaces or from irregularities on the cathode surface.
Such irregularities may result from machining or polish-
ing of the electrodes. The aforementioned influence can
be explained by the fact that two electrons starting from
the cathode at the same time they reach the anode with
an (even slight) time difference from each other. (In the
present case, the opposite faces of the enclosed cavity act
as anode and cathode interchangeably when a.c. voltage is
applied [1]). That can cause a “diffusion-like” distortion
of the PD current waveshape. Generally, however, such
a distortion is not too large [19]. In the present work,
the electrodes were polished and cleaned by using the
same method for all experiments. The upper electrode
was heavy enough so that parallelism between the elec-
trodes was ensured and eventually between the opposite
faces of the enclosed cavity.

Fig 14 reflections in the polyethylene sample between the elek-
trodes

Fig 15 PD current waveshape showing a ”bump” (2 ns/div, 200
mV/div).

6 ON THE WAVESHAPE REFLECTIONS

Figure 13 shows a typical PD current waveshape. It
is observed that the waveshape presents at its tail some
sort of reflection. This in all probability is due to the
measuring coaxial cable since the time difference between
the peak of the waveshape and the reflection in its tail is
25 ns. There have been observed, however, also reflections
in the waveshape itself. We will try to explain below
why this should be so. Figure 14 shows an expanded
view of the electrode arrangement. The dimensions of
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the electrodes and also of the signal path are noted in
the figure. The PD causes in the polyethylene a pulse
which travels from the cavity towards the end of the
arrangement where it “sees” an open end and then it is
reflected.

Fig 16 PD current waveshapes for cavities of (a) 0.16 mm, and (b)
0.32 mm thicknes.

This signal is then measured in the measuring resistor
Rm. Given that the velocity of the signal is 200 Gm/s
and the path which the signal travels is ∼ 25 cm, the
duration of this reflection is calculated as

0.25/2× 108 = 1.25 ns.

Figure 15 shows a typical PD current waveshape indi-
cating an anomaly in 1.1 ns from the peak. We think that
such an anomaly is due to reflections from the polyethy-
lene.

7 SOME MORE REMARKS

Typical PD current waveshapes are shown in Figs. 16(a)
and 16 (b). The rise time of the waveshapes is in the order
of 1 ns. The fastest PD current registered had a rise time
of 0.64 ns which approaches the limits set by the choice
of the values of the circuit parameters involved. Such fast
events suggest that the PD in an enclosed cavity are of
the streamer type. This is in agreement with previous
published information on the PD mechanisms in enclosed

cavities [4, 14, 21–23]. Attention has to be drawn to the
latter statement: in the present work we always refer to
PD events just after the application of the high voltage.
The types and mechanisms of PD in cavities in samples
after a prolonged application of high voltage are another
matter and consist a research field of their own [14].

Furthermore, the industrial value of such fast PD mea-
surements is emphasized: such measurements help in bet-
ter defining the nature of PD events in cavities which in
turn helps building PD detecting equipment which may
detect such events. In other words, fast PD measurements
help to better define the calibration requirements of the
discharge detectors.

8 CONCLUSION

In this paper, the influence of various circuit parame-
ters (diameter of the measuring electrode, coaxial cable,
measuring resistor, parallelism of the electrodes) affecting
the recording of fast PD events has been discussed. Rise
times in the order of 0.6 ns have been registered. This
means that in enclosed cavities PD — at least immedi-
ately after the high voltage is applied — of the streamer
type occur.
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