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A B S T R A C T

In practice, cross-linked polyethylene (XLPE) power cables can be subjected to alternating voltage with super-
imposed impulse transients. Such impulse transients may initiate partial discharges (PD) in insulation defects
even below AC inception voltage. An initiated PD may persist under AC, which will cause insulation degradation.
This paper investigates the PD behavior in MV XLPE cable accessories under impulse transients. Different sce-
narios of PD behavior are measured, described and analyzed. Based on the results, the effects of impulse tran-
sients on PD are summarized.

1. Introduction

With their excellent technical properties, cross-linked polyethylene
(XLPE) underground cables for all voltage levels of AC are increasingly
dominating newly installed cable populations. On the other hand, with
long time in service, higher probability of failures arises in the cable
systems. Many failures occurring in underground cables are caused by
third-party damage [1]. But still, more than half of the failures are
caused by internal defects in the cable insulation system, in particular
in the cable accessories. This is due to the insulation interfacial defects,
which were introduced during installation [2,3]. In practice, impulses
caused by switching operations or lightning strikes superimpose on the
power frequency AC voltage. At the insulation defects, even PDs are not
initiated by operating AC voltage, they might be ignited by impulse
transients and keep sustained afterwards. Because of this, PD behaviour
under impulse voltage conditions has gained more and more interest.

So far, many researches have studied the effects of standard im-
pulses on the aging process of cable insulation by measuring usual PD
parameters such as PD inception voltage (PDIV) and extinction voltage
(PDEV). However, not many studies focused on the effects of AC su-
perimposed with impulse transients and PD initiation under these
conditions. With PD measurements on XLPE cable pieces with termi-
nations, Abdolall et al. confirm that the PD level did not change after
the samples were subjected to switching impulses [4]. However, PD
behaviour was observed to be different before and after XLPE cable
samples were aged by impulses in [5–7]. The measured PDIV and PDEV
decreased with aging by impulses, whilst the PD magnitude increased.
Similar influence has been observed in EPR cable insulation under AC

voltages with superimposed impulses by Cao et al. [8]. There are also
material studies of the PD initiation under pure impulses and AC with
superimposed impulse transients. In [9] Densley et al. describe the
features of discharges that initiated under impulse. In [10] PDs were
measured under AC with superimposed impulse voltage, showing that,
PDs initiated by impulses could continue with AC under certain con-
ditions. However, these results are based on polymeric material samples
instead of cable samples. Furthermore, up to now, the measured PD are
described in a classical way, i.e. by means of phase-resolved PD (PRPD)
patterns and usual PD parameters. Time-resolved PD (TRPD) current
waveforms were measured under impulses by Zhao et al. [11], which
revealed the difference in characteristics of discharges occurring under
impulses. However, it was still on material samples.

In order to better understand the PD behaviour in a cable, this paper
investigates the characteristics of PD for artificial defects in a MV XLPE
cable joint under superimposed impulse transients. A lab-developed PD
measurement system is applied to measure PD signals during the im-
pulses. The measured PD signals are analysed and described by PRPD
patterns, TRPD pulse waveforms, and usual PD parameters. The obtained
PD information describes different scenarios of PD initiation under the
impulse, as well as the behaviour of those impulse-initiated PD under AC
voltage after the impulses. By interpreting the PD behaviour, the effects of
impulse transients on PD are derived and summarized.

2. Background theory

There are two necessary conditions for partial discharge inception: a
sufficiently high electric field and the presence of a first electron. At the
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