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INTRODUCTION

The paper focuses on the new possibilities of managing a MV cable networks a complex systerf interconnected
key element of the power supply system: the power cable cable linesandsubject to constant changes.

network. The possibilities are created by the technical
condition assessment of power cables based on partial
discharge diagnosis at dammg (selfextinguishing) AC
voltage. Both cable manufacturers and their users pursue to
obtain a high technical reliability of the power network.

Changesresult, inter alia, from carried out repairs of
damagesnd networkdevelopmentThe aging processf
individual sections of theablemay beat different stages
Thereforeto effectivelymanagehe cable networkcertain
knowledge of théechnicakonditionof individual elements

Modern IT and measurement systems make it possible to (cablesegments, joints, connectorkis necessary.

acquire data enabling a better assessment of the line
technical condition. Undoubtedly, among the new data
sources there is also diagnostics based on partial discharge
(PD) measuremenPQ inception voltagePD extinguishing
voltage, the PD apparent charge value for different voltage
levels, PD intensity, PD disbution as a function of cable
length). Providing a unique data set which describes an
insulation technical condition of particular line elements,
such a diagnostics creates an opportunity to change the
current method of power cable network managemeat to
new more effective one, both technically and economically.
Measurements of partial discharges in MV cable network
were carried out in one of the distribution companies in
Poland in the years 2068010. They were intended to
develop an optimal method fibre use of partial discharges

Itis not enough to evaluatechnical condition athe entire
cable lineas ahomogeneousbject since its not one.

The measurement of partial discharges may be the source of
information about technical condition of insulaton of
individual pieces oftables andccessories.

A lot of information about the parameters qfartial
dischargegPD inception voltagePD extinctionvoltage,

PD valuefor differentvoltage levelsthe intensity oPD,

PD distributionas a function othe line length ) can be
obtained from such measurements.

The key issue igo determine the significancef PD
individual parametersn assessingtechnical condition of

the cable line.

Experience gained by the users of measurement systems
while taking meaurements in exploited networks can be

diagnosis in the assessment of technical condition of power helpful in answering this question.

cables. The main area of research covered MV cable lines
of a total length of 590 km.. The studies on power cables
provided a group of measurements for Paper Insdat
Lead Covered power cables (PILC). From all the

SCOPE OF THE STUDY

Measurements of partial discharges in a MV cable line

measurements there were selected 18 cases where a cabld1°KV) have been carried out in a distribution company

failure was recorded and the measurements of partial
discharges were carried out both before the failure and
immediately after the repair of the fait

Basing on the carried research work and analysis it has
been found that:

Basic parameters indicating the risk of the failure are:
reduced PD inception voltageand the occurrence of
increased PD intensity in a power cable. The study shows
that, the lowe the PD inception voltagethe higher the
percentage of cable sections of an increased PD intensity.
Consequently, a greater number of cable sections which
can be included to the group of increased risk of failure.
No correlation between the increase ob Ralue and
increasing probability of the failure occurrence has been
found..
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The main area of reasearch covered urban territory ( about
950 MV cable lineof the total length of 590 km)ln this
area,66% of cable networks made with the use of PILC
cables

Figure 1 shows thgraph presenting the PIL&ablelength

in function of the yearof construction.Actually the
construction of the MV cable network , subject to research,
started in1961 and the use oPILC cablesfinished in
2007.
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Fig. 1. The length of PILC cables built in MV cable Fig. 2. Power cables failures in the years 20050 as a
network annually function of construction year of the cable sedishere PD
level was measured before the failure
The measuremésof partial discharges icable linesvere
performed with the use of SEBA KMT @/TS-25 Figure 3 presentsPD inception voltagefor each cable
diagnostic systenT.he basiénformation obtainefrom the section in whichpartial dischargesere measuregrior to
analysis oimeasuremeniscludes: the power cable failurdata has been presentadyearly
1 PD inception voltage (Ui), sequence according to the year of cable line construction
§ the averagand the maximurmalues of PD leve starting with the oldestection The graph showshe data
at Ui, for the entiresection,in which the failure occurredthe
§ the averagand the maximunvaluesof PD at whole section comprises also the failure location ) and data
Uo, for the failure location.
1 the intensity oPD occurrence at Uo In five casesthe lowestinceptionvoltagewasoff-site the
1 the averageand the maximum values ofPD failure location( at failure locatiorslightly lower), and in
betweenUo and2Uo. three caseqio partial discharges irthe future failure

location were reportedin all casespartial discharges
inceptionvoltagefor a given section athe cablewvasnot
greaterthanUo.

1 the intensity ofthe occurrence ofPD at test
voltage betweerlUo and2Uo

9 distributiongraphsof PD value as a function of
the cablesection length

In addition based on the the graph of discharge

distribution as a function ofhe cablelength the

location ofdischarges concentratiatong the sections

can be determined

FAILURE CABLES MEASU REMENTS g w0

3.0
Performed tests resulted in group of measurements for ::E
PILC cable lines where, after the completion of the 0’0

measurement a failure occurred. Tdngalysisperformed 304 5 6 7 8 9 1011 12 13 14 15 16 17 18 19
enabled the selection, from the group, 18 sections, where
thefailure was ofelectical character

Figure 2 provides informationon the ageof all cable
sectionswhere the failurewaselectricalin nature

9.0

PD inception voltage [kV]

M PD inception voltage in failure location

H PD inception voltage in cable section

Figure 3 Inceptionvoltageof partial dischargem
damagedpower cablesections

PILC CABLE LINES STU DY

Figure 4shows thetestedcable sections depending on
partial dischargénception voltageFrom 385PILC cable
sectionsmeasured in case 0f226 cable sections?D
inception voltagewasequal to o lessthanUo (8.7 kV).
This group as the one threatengdth failure, was further
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Fig.4 Number of cable sections in which the PD was
measure@s a function oPD inception voltage

Figure 5shows the number of, built each year, cable

sectons, in whichPDwas measuredi addition, thegraph
shows thenumber of sectionsjn certainage groups,in
which thepartial dischargenception voltagevas lesshan
or equal tathe rated voltag&lo. With the increase dhe
lifetime the number ofcable sections of thanception
voltagenot exceedindJo increases.
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Fig. 5Number of , built in each year, sections undergoing

PD tests

Figure 6shows thepercentage ofablesections of PD
inceptionvoltage in differentage groupsn relation toall

measuredectionsn a certain grougdt can be noticed that
apart from théncrease of the percentage of failure sections

along with their increasing age , there is another visitda
of growth It pertains to cable sectiorisom the yeard980
to 1995

CIRED2013 Session 3

Paper No 0383

Fig. 6. Percentagestatement of cablsectionsof PD
inceptionvoltageequal to or lesshanUo.

Figure 7presentgraphsshowing thepercentage ofable
sectionswith increased PD intensity relation taall cable
sectionsof a certan PDinceptionvoltage. Togethewith
decreasing POnception voltage the number of cable
sections with greater PD intensity increasks.results
from previousstudies cable sections dficreasedPD leve)
have been included in the groapa higherrisk offailure.
Based on the abovecan be concludethat the increase of
the potentiatisk of cables failurefollows the decrease of
PD inceptionvoltagein certaincablesections.
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Fig. 7.Percentage afable sectionwith increasedPDlevel
asa function ofPD inceptionvoltage

cJ

®

While analyzing POnceptionvoltagedependencen the

risk of failurein a group opower cableswith increasedD

level a significanincrease ofhe percentage of cables with
failure can be observed together withe tdecrease of
inceptionvoltage(Fig. 8).

The percentage of failure power cable sections increases in
case itis analysed in relation to the sections where increased
level of PD intensity was stated.

Hardly two sections fom the tested grougere
characterzed with inceptionvoltageequal to2.8 kV. In

both thesepower cablesan increased®D intensity was
reported andboth cablegot damaged-or theinception
voltage 3,5 kV, 62% of power cables got damaged and
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demonstrated an increased PD intensity. ilgVhhis

percentage was equal to 42% for the entire group of tested

cables. For thinceptionvoltage4.2kV, thepercentage of
cables thatgot damagedand were characterizeloy an
increased PD intensity was equal to 86, while for the
entire groupof testedcables it equeled 29%.

28 35 4,2 49 6,3

H The percentage of cable sections with failure
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Fig. 8.The percentagef power cables with failure ith
respect taables with the increased PD intensity detected

Anotherarea ostudywas theanalysis ofpossible relations
between thgower cable failures and thalue of partial

dischargesThe study was carried out on a groupable

sectionsfor which PD inceptionvoltagewas not greater
than Uo. While testingthat groupof cables no relation
between the”D value atinceptionvoltage,and the PD
value at voltges Uoand2Uo was detected

Fig. 8summarizesobtained during the study, PD values at
theinceptionvoltageand Uo voltagefor each power cable
section Each of thepresentedirawingscomprises group

of testedcablesectionswith the same Plihceptionvoltage.
The bluebarsrepresenthe discharge value for each cable
section at thénceptionvoltage.Cablesectionshave been
presentedh the order starting frorhe lowest PD valyeat
dischargeinception voltage Green or red bars indicate
discharg valuesat thetest voltageequal toJo. Red colour
indicates a group afablesectionghat were damageatior

to the measuremen&reen colour indicates results obtained
for the remaining power cable sectiqsections that have
not got damaged). At nmltage level no relations between
PD value atinceptionvoltage and Uo voltage have been
reported.
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Fig. 9. Summary of measured cable sections for an
exemplary PD inception voltage

CONCLUSIONS

Exclusively selectefarts of the analystsarried otion the
basis ofmeasurementsf partial discharges iRILC cable
lines have been presented in the article
The mainconclusions from theesearctare as follows:

1 Thereis arelatiobetween th&Dinceptionvoltage and
the cable insulatiortondition Alongwith the decrease
of PD inceptionvoltage the probability of failuré
insulation deterioration increase$here have been
reported no cable failures at PiDception voltage
greater than Uo

9 Probability of failurancreasein areaof increased PD
intensity

1 With the increasingservice life of a PILC cable
(insulationaging the probability of cable lines failures
increases.

1 No correlationbetween théd’D and the probability of
failure has been stateBailuresin the measuredcable
sectionglid notoccur in places of the highest PD value
exclusively

1 Although the PD value increases witheincrease of
the test voltage no relation between test voltage
changesand PD value changes has been stated

9 Essential in the use of partial dischargesgdosis is
having precise and updated information on MV cable



