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VISUAL EXAMINATION OF FAULTY LV
ABSTRACT EXTRUDED CABLES & BRANCHING JOINTS

ExtrudedLow Voltage (LV) cablessystemsare ageing and Visual examinations performed sty branching joints

an assessment of their condition is now necessary to build have shown that, most of the times, the faults are due to bad
up a strategy regarding the management of this asset. This mounting and water ingre€gig.1). Most of the water issues
paper describesn the one hanthesymptomsbserved on are related to pooradhesion between the XLPE insulation
faulty LV cablesand branching joirg by means ofisual of the cable and the resiifrig.2). Due to this lack of
examination, material ancelectrical measurements in  adhesion and undéhe influence of the load cycling, the
Laboratory. On the other handthe paper describes the  joints become vulnerable to water infiltration.
different investigations done in order to control and T ‘ |

-

improve the quality of nelwV extruded cable systems.

INTRODUCTION

By andysing the recent LV failure statistiddelgianDNOs
have observedhat the service life ohewly installed
underground p@imeric cables and branch joingse far

i

shorter than expected@iaking into account the importance Fig. 1: Resin not correctly Fig. 2: Pooradhesion betweer

of those failures to the total dosf the LV network poured the resin and the XLPE
exploitation, a project was launched in order to determine insulation

the reasons for the prematuf@ults and to build up a Most of the faultsthat occurred on cables are due to
strategy regarding the management of this asset. mechanical degradation of the outer sheath and water

The first part of this paper presents the results of the ingress.Severedegradation by corrosion of tiauminum

examinationgnd tests, carried out on abthitty faulty LV SOI.'q conductor is qﬁen obser_ved (Fig. 3 _to_ 6). The
extrudedcables and branching jointaken from the field efficiency of the swelling tapes did not appsafficientto
The mechanical ageing of the insulation and the outer avoid longitudinal water diffusion.

sheath is investigated mainly by performing tensile tests.

The electrical ageing of the instilon is determined by

carrying out a dielectric spectroscopy measurement, ' .

a resistance test and a breakdown voltage test. The resultse o0 2

obtained on faulty cables are compared to those obtained on ',

new reference cables stdl in the LV cable library of
Laborelec.

Based on the results of these analyses, it was decided to
perform quality check on some new LV cables by Fig. 3: Corrosion onthePVC Fig. 4: Corrosion onthe
controlling the resistance against impact, measuring the filler PVC filler
outer sheath thickness and tegthe adhesion of the XLPE =
insulation with diffeent cast resins used for branching
joints. The results of these additional tests are presented in
the second part of the paper. 2K

h_,!‘

Fig. 5: Corrosion of conductors ~ Fig. 6 : Degradation due to
wateringress
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AGEING OF EXTRUDED L V CABLES

Mechanical ageingof the insulation

Thedecreasén elongatiorat breakand tensile strengtbf

the insulation were analyzed by performing tensile test on
11 faulty XLPE insulationsAs shown n Fig. 7, the
obtained valug are higher tha the requiremest of
CENELECHD 603for unagedXLPE insulationlmin.12,5
MPa and 20 % )
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of plasticizers The percentageof plasticizer has been

measured bPyrolysisGCMS on a new outer sheath and on
acged outer sheaths from the field. The results of this
analysis (Fig. 10) show that the remaining percent of
plasticizer is still high enough to avoid cracking of the outer
sheath at low temperatures (> 18 % [1]).
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Fig. 9: Tensile strength daulty outer sheaths
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The decrease in elongation and tensile strength
presented irig. 8in function of the laying year. On the

Fig. 10 : Percentage of polymer/plasticizer/filler

Electrical ageing

Most of the dielectric pectroscopyneasurements on aged
cables showed that the tangent delta increased over the
years. Figurdl compaesthe resultobtained on maged
cablewith those obtained on ference from the cable

assumption that the decrease in mechanical properties is alibrary. In that caseTan delta at 50 Hz (20Q\y) increases

linear function of time[l], we get two trendlines.
According to the first trend line, cables laid before 1968 (45
years) have an elongation hteak below the criterion
standard (200%). According to the second trend line, cables
laid before 1962 would have a tensile strength less than the
standarccriterion (12.5 MPa)More tests on older cables
need to bearried out in ordewtconfirm thisageing model.

Mechanical ageing of the outer sheath

Tensile testwere also performed onfour faulty outer
sheatk. The obtained values of tensile strength and
elongation at break are higher that the requireraétte
CENELECHD 603 for PVC sheatimin. 12,5 MPa and
125 % ) The outer sheath iIRVC contains phthalates to
make thecable flexible. By varying the quantity of
plasticizer, manufacturers can sele&gisely the degree of
flexibility necessary to meet the mechanical requirements of
the end producthermal agingan lead to thevaporation
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from 0.04 to 0.0494419%).
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Fig. 11: Increag in Tg delta after 10 years service
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Dielectric spectroscopmeasurementsere also used as a
quality control(Finger print)of newLV cablesin order to
quickly check thatmanufacturer i not change their
insulationcompound

The haulation resistance testarried outat 1 kV onboth

new and aged cables show similar results. The resistance of
the phases of the aged cable is systematically lower than the

resistance nasured on the same core color frahe
referenceFig. 12)
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Fig. 12: Decrease of the insulation resistance after
years service

Breakdown voltage teswerealsoperformed orboth new
and ageatables. LV cables ged by 3 years of servitewve
broken down during alielectric voltage test at 30 kWhile

a new cable can support a voltage reaching 62\kkough

all theseelectricalresults are acceptablestill shows that

the dielectric strength tends to decrease rapidly once the
cable is in service

QUALITY CHECK OF EXT RUDED LV CABLES

Control of the impact resistance

The EN 503930n LV accessories requests to perform an
impact test at ambient temperature wilteel block of 4 kg
dropped on to thaccessory from a height ofrl It seens
surprising that no impact test ambienttemperature is
required in the standard HD 608 LV cableswherethe
risk of impactis cerainly higheron the cabléhan onthe
accessory. Thetandard HD 603sls for animpact test at
low temperatureaccording to the EN60811506 but the
impact test apparatus using a hamdegs notorrespond

at all with the impacttest of the standard EN50393.
Therefore whetherthe usedLV cableshave the same
impact resistance as the cable accessasiesurrently
unknown For this reasonjipact test were performedn

LV cablesat ambient and lowemperatureby using the
impact testsetup of the EN5033. These tests were
performed on cables with PVC and LLDPE outer sheath.
For the cables wit LLDPE outer sheathhe impactat
ambienttemperaturelamaged the outsheathand slightly
degradedhe insulation(Fig. 13 and 11 The damagis
higher for cakes ofthe samecrosssection but with PVC
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sheath. For these cabl¢he insulation was torn after the
impact(Fig. 15 and 1.

Fig. 13: LLDPE sheath after
impact tes{Outer side)

Fig. 14: Insulation under the
LLDPE steath (after impact)

t

Fig. 15: PVC sheath after Fig. 16: Insulation under the
impact (Inner side) PVC sheath (after impact)
Theimpacttests at low temperatu(el5 °C)have shown
that PVC sheath with armour can be weersitive to
impacts (kg. 17).

A 4

Fig. 17: Impact test performed on LV cabl
with PVC outer sheath cooled at15°C

Quter sheath thickness

The outer sheaththickness ofunagedcables fabricated
between1997and2011wasmeasured in accordance with
the EN60811202. Since the revision of tidBN HD 603

in 2007, the nominal thiclkess of the outer sheatif the
Belgian 4*150 mmz2 1 kV cable (EAXeVHE) 3 mm (instead
of 3,2 mm) and the minimal value is48, mm. The
thickness measurements have shown a tendency of the cable
manufacturers to decrease #werageahickness in order to
be close to the minimum value of45 mm (Kg. 18). This
decrease of the thickness copéttiallyexplain the increase
of the breakdowns of newly installed cables.
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Fig. 18: Outer sheath thickness of new caliégsicated
between 1997 and 2011
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