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ABSTRACT

In thispaper isgiven an overall assessment of the condition
of the mediumvoltage XL PE cable population in Denmark.
The assessment is based on results from Danish failure
statistics. It is concluded that there are no significant signs
of an increasing failure rate for dry-cured XLPE cables
after a servicetime of aleast 30 years. It isalso shown that
a large part of the failures take place while the system is
operated at elevated phase-to-earth voltage on sound
phases due to an earth fault somewhere in the system. An
analysisal so showsthat the systemsoften are operated with
an earth fault in 30 minutes or more beforethe XLPE cable
failure occurs, which is interesting when comparing to
recommended test duration for power freguency testing of
MV cables.

INTRODUCTION

In Denmark like in other countries the first inttdl XLPE
cables in the 1970ies had very high failure raties anly a
few years in services. This was primarily due ®dhowth
of water trees in the XLPE insulation. The crossilig
process of polyethylene used for the first XLPElealwas
based on steam, which meant that the insulatiomein
cables contained significant amounts of water dlydaom
the start and therefore good conditions for themjnoof
water trees. In the late 1970ies the main cablglmpat
that time to the Danish marked changed the cro&slj
process from steam- to dry-curing using hot nitroigstead
to initialize the cross-linking process. This reédcthe
water content in the cables significantly and liéeravard to
a remarkable fall in the failure rate.
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Figure 1: Circuit length for XL PE cables.
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Today approximately 41000 km XLPE cables are itetal
in Denmark, cf. figure 1: most of them dry-curedlafge
part (about 25000 km) has been installed durindgtstel 5
years as part of the replacement of overhead livits
cables. This represents a large investment foDidugish
utilities over a relatively short time period, whicould lead
to a big investment backlog in the future. Therefart is
important to follow the condition of the cablesaasinction
of service time so that the utilities can decidetlusnmost
optimal maintenance plan to reduce such an invegtme
backlog in the future.

In this paper results from a failure statistic presented to
address this topic. Other inputs will be necessarthe
decision making process, but results from a faifagistic
such as the failure rate as function of service twould say
something about the expected lifetime for the cable

XLPE CABLESUSED IN DENMARK

MV XLPE cables used in Denmark are today normally
designed in accordance with [1]. Table 1 is a finealith a
description of the most significant changes to ealasign
and the manufacturing process during the last d46syfeom
one of the main cable suppliers to the Danish nthrke
Changes in design and manufacturing processesdsheul
taken into account in the failure statistic.

Y ear Description

Late 1960ies _Fwst MV XLPE cables are
installed

Three core cable (with round
aluminum cores)

1975

Dry-curing (nitrogen used in the
vulcanization process)

Tandem extrusion: Extruded
adherent insulation screen on large
single core cables
Sector-shaped solid aluminum core
(three core cables)

Table 1: Timelinefor XLPE cablesin Denmark [2].

1978

1981

The majority of DSOs use 3-phase cables with iidially

screened cores. After 1981 both sector shapedaandir
cores have been widely used.

In general there is no tradition for using a radieter

barrier (metal foil under the PE sheath) in Denm¥fater

treeing is therefore a potentially aging mechanismiry-
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cured XLPE cables too, because water relativelyyezemn
penetrate the PE sheath from the surroundivgger tree
retardant XLPE insulation is not used in Denmatkegi
Whether the lack of a radial water barrier or otheans to
prevent or inhibit the growth of water trees widlypoff in
the end or cost too much in reduced lifetime wid b
interesting to observe in the failure statistia. fhe moment
being no change in current practices is expected.

FAILURE STATISTIC

Since the late 1960ies information about failurethe MV
and HV systems in Denmark have been collectedama
failure statistic between the Danish DSOs. Duaéanany
aging related failures on XLPE cables installedthie
1970ies it was decided in the beginning of the 1886
supplement this failure statistic with more detile
information for aging related failures on XLPE el
Detailed descriptions of installation year, cablesign,
laying condition and how the system was operatettheat
time of the failure were added to the failure repor
Today detailed
approximately 665 failed XLPE cables, where théufai
has been ageing related. This does not accousit fageing
related failures on XLPE cables. A comparison wfta
general failure statistic shows that 665 ageingteel
failures accounts for approximately 50% of the agei
related failures on XLPE cables since 1980, clurig3.
Particularly in the 1980ies not all DSOs who sertaded
information about XLPE cable failures participatadhe
general failure statistic. In the 1990ies and zeroe the
other hand there have been some difficulties itirgeall
DSOs to send detailed information about ageingtedla
XLPE cable failures.
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Figure 3: Registered ageing related failureson MV
XLPE cables
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information has been collected for

SOME GENERAL OBSERVATIONS

In the periode between 2005 and 2010 the number of

registered failures in the general failure statistere 174,
198, 221, 231, 156 and 135, respectively. Thirdtypar
damage accounts wihtout comparison for the larsjeste
of these failures: 63%, 63%, 74%, 72%, 78% and 64%
the failures in the period. Ageing related failuaesounted
in the same periode for approximately 19%, 17%, 13%
18%, 14% and 26%. The reasons for close to 20%eof t
failures cannot be accounted for. It is assumetdafeing
related failures accounts for a large share ofethes,
because if the initializing cause and the failusghanism is
unknown it seems plausible that the failure isteslato
ageing. However, in this context ageing shouldgeslun a
broader sense and would for example also accouratrfo
old damage to the PE sheath due to eg. third partyage
or a stone, which has led to accelerated ageittgeatable
and in the end to a fault. Both examples are erteoei
regularly in the failure statistic for MV cables.

In figure 4 is shown the failure rate for XLPE aabin the
periode 2005-2010. The significant drop in theuialrate
between 2008 and 2009 can be explained from thedai
rates due to third party damage, cf. figure 4.nilsir shape
of the failure rate due to third part damage hanlieund
for MV PILC cables allthough the significant dropeady
took place between 2007 and 2008.

1_.

——all —&— Third party damags

—— Aging related

Usnlmown

Failure per year per 100 km

0 } } } } {
20035 2006 2007 2008 2009 2010

Figure4: Failurerate for XL PE cables betweeen 2005
and 2010.

The very low failure rate for XLPE cables indicatieat at
the moment no significant problems with MV XLPE kb
seem to exist. In comparison the overall failute far MV
PILC cables in Denmark is close to 3 failures pEanyper
100 km. Nevertheless, because of the large sharabbds
with relatively short service times (less than Iby2ars),
cf. figure 1, incipienproblems with XLPE cables installed
in the late 1970ies and the 1980ies could be hidud¢me
overall failure rate, which doesn't take serviceds of the
failed cables and the age distribution of the XLé&Hble
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population into account.

FAILURE RATE ASA FUNCTION OF SERVICE
TIME

On figure 5 are shown all registered failed cabidth
known installation year (665 failed cables). It che
observed that most failed XLPE cables have beealied

before 1980, which means that these cables arelymost
steam-cured and not dry-cured according to table 1.

Because of different service experiences with stesrd
dry-cured cables it has been decided in the foligwi
treatment to differentiate between cables instatlefbre
1980 and cables installed after 1980. In that caest
steam-cured cables should be treated in the fiestioned
group and most dry-cured in the latter.

I

I I

I

i
e i e e e e I

!

il et el ol S S A
!

I

Number of failures

1

Installation g,

Figure5: Registered failed cableswith known
installationsyear.

The failure rate is calculated using the follogvequation:

A, =<—=<=——0100 [Failure per year per 100 km
U 3 3 [ per year p |
i h
An Failure rate for cables with service titme
Nin Number of failures in yedron cables with
service timen
Lin Length of cables with service tirhén yeari

Cablesinstalled before 1980

On figure 6 is shown the failure rate as a functibservice
time for MV XLPE cables installed before 1980. The
assumption has been made that non of the cabledean
taken out of service. This means in particulartirafailure
rate after 15 — 20 years is underestimated begaaseof
the cables installed in the 1970ies are no lornyseivice.
However, it has been well known for decades thaseh
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cables have poor performance, so this is not imapart
What is important when comparing steam-cured with d
cured XLPE cables is the first mentioned poor pentmnce
after only a few yaers of service.

4,00 +

w

in

S
+

w
=)
S

o
in
3

in
3

=)
S

Number of failures per 100 km per year
%)
=3
8

o
in
S

0,00

] 5 10 15 20 25 30 35 40 45
Service time [year]

Figure6: Failurerate asa function of servicetimefor
XLPE cablesinstalled before 1980.

Cablesinstalled after 1980

On figure 7 is shown the failure rate as a functibservice
time for cables installed after 1980. It can beevbsd that
the failure rates in general are very low, whichkoais
expected because the overall failure rate, cfréiguis very
low. There could be an indication of a rising fedlwate for
cables with service time approaching 30 years. Hewe
because the observed rise in the failure rate Isw@nd
because the rise is from one very low level to lagolow
level it is difficult to conclude that a rise s &ctually has
been observed. A least such a conclusion shouthtdven
with caution. The higher failure rate after clogse0 years
could also be due to the fact that some steam-aaiels
could have been installed around 1980 and therdfere
included in the failure rate. However, it will bgeresting in
the coming years to follow the development in thidufe
rate, when a larger share of the XLPE cable pojumat
reach service times of 30 years or more.
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Figure7: Failurerate asa function of servicetime for
XLPE cablesinstalled after 1980.

The failure rate on figure 7 is underestimatedtdube fact
that the installation years of the cables onlykar@wn for
approximately 50% of ageing related failures sih©80.
However, the real failure rate is not expected ® b
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significantly higher or have a significantly difeaxt shape:
nothing in the general failure rate suggests that.

OPERATING MODE OF THE SYSTEM

On figure 8 is shown how the system was operatédeat
time of the failure. The figure is based on infotima from
709 failed cables. ‘Other’ covers failures initedd by
switching operation, lighning events, testing, etc.

In Denmark MV system is either resonance earthed or
operated with an isolated neutral, which means that
systems can be operated with an earth fault prdagnwith
an elevated phase-to-earth voltage on sound phHakese
to half of all ageing related failures on XLPE abhappen
while the system is operated with an earth fatilfigure 8.
In the failure statistic there are also severahgplas where
one earth fault has created a cascade of fault§L&tE
cables due to the elevated phase-to-earth voltagewund
phases.
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Figure8: How the system was operated at the time of

thefailure.

In figure 9 it is shown how long time a system bagn
operated with an earth fault before a failure oKL&®E

cable happened. The figure is based on 279 failuhese
this time interval is known. Close to 40% of theappen
within 5 minutes after the first earth fault and/6@appen
within 30 minutes. However, close to 30% of théufss
happen within 60-120 minutes or more after the &egth
fault. This could be interesting information in eaef

maintenance test where cables are stressed with anl2]

overvoltage during a preset time to provoke a faula
weak point. Several recommendations for power feaqu
testing of cable systems exist, e.g. CENELEC [3] & C
[4]. Both focus on after installation test. Theyngeally
agree on the test voltage, which is set tg 2U3] and the
phase-to-phase voltage [4], but differ on the recemded
test durations, which are 15 minutes in [4] and@futes in
[3]. Compared to the experiences from the Danighréa
statistic, cf. figure 9, these recommended teshtims
would potentially have been able to find approxiehab0%
[4] and 70% [3] of the 279 failures in figure 9.
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Figure 9: Duration of system operation with an earth
fault before a second earth fault occurson a XL PE
cable.

CONCLUSION

Service experiences with dry-cured MV XLPE cables
the moment good in Denmark. The overall failures riat
very low and has dropped in recent years. Thirdypar
damage is without comparison the most common caluse
failure on MV XLPE cables.

In case of ageing related failures there could bhe a
indication of a rising failure rate as functionsefvice time
for dry-cured XLPE cables approaching service tinfe&30
years, but the observed increase is small and &oery
low level to another low level, so such a conclosbould
be drawn with caution. More collected data in tbening
years could confirm or disconfirm this.

The failure statistics indicate that a large sluditbe ageing
related XLPE cable failures (close to half) occhilevthe
system is operated with an earth fault and theeefdran
elevated phase-to-earth voltage on sound phasesetie
time duration is known (279 failures) a large sh¢ge-
40%) of these failures have happened after thesykas
been operated with an earth fault in 30 — 60 mmate
more.
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