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Abstract — The contribution deals with the methodobgy of

on-line measurement of partial discharges in XLPE cds.

After the specification of measuring methodology ath used

apparatus the evaluation of the measured data folles.

Contribution gives an example of a real on-site
measurement on 110kV XLPE cable power line in
operation.
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. INTRODUCTION

Presence of partial discharges is a key indicafathe
real state of a cable insulation system. By measeng¢
of partial discharges it is possible to identifetth and
take actions to prevent unexpected failure in tbevgy
system. To achieve this goal several methods.exist

When the presence of partial discharges in an atisul
system of medium-voltage cables is
according to European standard STN EN 60270, using

investigated,

dimension as well. To eliminate the need of hugeago
supply for off-line measuring and to enable to stigate
the power line in operation a new methodology is a
necessity.

Recently most interesting methods are that cantifge
discharge activity on-line, that means without tieed of
switching the devices or parts of power line off-lihe
partial discharges can be investigated by several
procedures:

Spot testing (test time from 15 minutes to few lsquer
circuit) is widely used on transmission lines,

Continuous partial discharges monitoring (test tfroen
several hours to few days) is mainly used on dhistidn
networks,

Permanent partial discharges monitoring is not lyide
used as yet. [1]

[I. SPOT TESTING

The advantage of this methodology is that thereds

a galvanic method is usual. Mentioned methods arseed to isolate the investigated circuit. Cables be

mostly off-line, which means that the line needsbe
switched off. This methodology requires a discharge

tested in operation conditions and it allows arficieit
planning of further investigation and localizatiosf

free power source and a suitable analog or digitakilure in case, when significant discharge adfivis

measuring system. As soon as the length of invastip

cable exceeds several hundreds of meters, the defoan
the installed capacity of the power source growse T
measuring apparatus in most cases is supposed to
mobile, so the needed power supply has
dimensions, and weight of course. These factsfyusite
search for other than off-line partial dischargenitaring
options.

As said for medium-voltage cables of greater lesgthe

present.

The measuring apparatus consists of an oscilloscope
based system with four-channel capturing (shown in
P%.l), filter to eliminate radio frequency interéaces,

IargeIrligh frequency current transformers (shown in Bjgand

transient earth voltage sensors (shown in Fig. 3).

The discharges diagnostic unit is based on a lpgled
data acquisition of partial discharges signalsaanhse-
rates between 100 and 500 MS/s. Detecting anchgtofi

problem is with the discharge-clean power supplythe signals at high-resolutions allow to analyzed an

capacity. For high-voltage cables such a power lgupp

classify the pulses based on their true wave-shapes

cannot be described as mobile because of weight and
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Fig. 1: Measuring apparatus Fig. 2: HFTC sensor [2] Fig. 3: TEV sensor [2]

The data acquired synchronously with the powerecpél Limit  values for partial-discharge apparent-charge
the applied test voltage enables to save phasibdigdbn  observed in XLPE low- to medium-voltage cables and
of apparent discharges. High-frequency currentheir terminations in general are summarized in.Thb
transformers measure partial discharges in th&or high-voltage cables, of course, there is nertdile
investigated cable when right attached at the tatiin  level of the discharge activity. That means, arsglarge
shield. [1] activity detected in these cables require further

. : Jocalization and repair.
The transient earth voltage sensor is a small radio P

frequency aerial which can detect the high frequencTab. 1: Limit values of partial-discharge apparemérge

discharge pulses coming for example from the ansifi 0 - 500 pC Acceptable level

the switchgear, bushings, etc. These pulses tefdve .

pulse widths of a few tens of nanoseconds, andige | 200 - 1000 pC .Recommended to monitor

good medium for the non-intrusive partial-discharge discharges level

detection. [2] 1000-2500 pC | Potential risk, recommended the
Evaluation of the measured waveforms can be pegdrm periodic monitoring

using the PDGold or ScopeControl software. Mertbn | 5 o500 pC Serious risk, location of the sourice
tools utilize the partial-discharge “event recommt to and subsequent repair needed

find short duration, high-frequency pulses and gifgs
them as discharges with the origin in the cableallo
equipment or noise. Ill. PROVIDED MEASUREMENTS

Cable pulses are characterized as monopole shaf¥line discharge activity measurements were caoied
current-impulses detected by high-frequency tramsie as part of a preventive maintenance in order terdene
current sensors. They are integrated and their inatgn  the status of the high-voltage cable insulatioriesys The

given in (pC). They could originate from the caldlaple ~Measurements were performed on two cable lines with
termination or transformer. lengths of 430 and 635 meters, each of which ctetbisf

two parallel cables per phase. Cables have the XLPE

Local pulses have a large amount of hlgh'frequenCYnsuIation system and composite terminations orh bot
content (>5MHz). They are detected from sources ttea ends

the measurement point by both high-frequency ctirren

transformers and transient earth voltage sensomg T A cable shielding on substation side is directiyunded
magnitude of these signals is calculated in dB. as shown in Fig.4 on the left; the transformeresgd
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Fig. 4: Connections of sensors during measurements

connected to ground over a varistor as shown imkig ~ Need to use an external low-discharge power supipéy;
the right. whole apparatus is mobile, in comparison with gailva

off-line methods less complex, less susceptible to

The cables were tested from both ends. The diseharq;nterferences and noise. Nowadays, for periodiing®f

signals were measured using high-frequency Currer%tupported high-voltage XLPE cables this method seem
transformers placed around the cable shieldingvahd to be most effective. However. it does not enabiace

by the transient earth voltage sensors locatethat localization of a failure in case of a higher obveer

bottom terminals. The sensors were fitted separdtel apparent charge in phase-distribution. To reachdbal,
each pair of cables for each phase. still usual off-line methods are required providingre
Figures in Tab.2 show the observed discharge &ctivi diagnostic parameters, as these in insulation syste
consisting of interferences at frequencies of BAD, kHz  capacity or loss factor.

and 1,1 MHz together with a noise during measurésnen

After filtering the noise out from the acquiredrsids and

making corrections to discharge activity resultiingm ACKNOWLEDGEMENT

substation electronic device interference captimgdhe  These publications are the result of implementatibtine
capacitive transient earth voltage sensors, thelthe$  project: “Increase of Power Safety of the Slovak
phase-distribution of partial-discharge apparenargé  Repuplic” (ITMS: 26220220077) supported by the

had the amplitude below 0,5 pC. That means this tim
harmful partial-discharges were detected in testgdcts.
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As contribution briefly describes, on-line measueatnof
the partial-discharges, more precisely so callegotS
testing” is a method, which almost does not affihet
operation of investigated power system elements. rib
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Tab. 2: Limit values of partial-discharges’ apparemarge
Available Waveform Display Local Equipment PD
0o6] 003 e
i 40-
004 002 = 1
4 > y
0024 001 | | ' 5353
~ - ] o 30
s Y= 9 S 25 |
© 0024° 001 ik = 20
004] 002, Z 15
0064 0031 2 102
, — : : —_— , — o8
0 2 4 6 8 10 12 14 16 18 X 04
e (mSec) 0 50 100 150 200 250 300 350
| | —Chan2[— |—cusif— [—aus? ] Phase of Pow er Cycle (deg)

Partial-discharges in time-domain (HFCT)

Partiddctlarges in phase-domain (TEV)

Noise Magnitude (mV)

Noise Events

0

50 100 150 200 250 300 350
Phase of Pow er Cycle (deg)

7D Activity For Muti Channals.
"
10
i”"“"@‘\‘ sty
Al ‘\_‘ ‘ | \‘ ‘\‘ s
| ‘w“il | Mi ‘
EQM’H ‘ ”\” \“
E:_H \“ il | i
g afeill ‘\N«_L,!“ um ‘m ;, [ [
3
I\ [0
A3 | ‘._ |
AL TR Y ‘_
; — |
" |
‘
10
1
. @0 180 7 30
Fhase (Deg)

Noise in phase-domain (HFCT+TEV)

Partial-discharggshase-domain (HFCT-TEV)

(1

(2

REFERENCES

Seltzer-Grant, M., Renfort, L., Mackinlay, R., Dsowv, D.,
Madarasz, R., Schlapp, H., Petzold, F.; “Portabiér@ PD
spot Testing and Monitoring Technology for Disttilon Class
Cables” 2011. ELEKTROENERGETIKA.

http://www.hvpd.co.uk/products/sensors. [Online] 22012.

The contribution was presented on the conference ELEN 2012, PRAGUE, CZECH REPUBLIC




