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cclium-voltngc c;iblcs arc i i f  key iiiiportnncu i n  t he  
pow c I. d i s t r i b t i ti o t i  ii c two I’ k, ‘Che e r  o I_ iii ( I  lis 

~ Icngths of cahle iiow installcri, together with thc 
sociimoiioniic costs of f;iilure, hwc idctitified MV cnhlc 
iictworlcs i i s  i i  tnrgct for f t d i e r  nttciition. 

QI I a I it y -3 ss 11 I ‘c d C I )  11 I p I) ne 11 ts 11 ;IV c I >  c c 1 i ass  e i lib I c d t c  - 
gctlicr ill ;I rncdiuiu-voltagc supply nctwoi:k which, i f  it  fails, 
will ciuisc i q a i r  costs, ctistoii iw coiiiplaiiits, a n d  loss of rev- 
mile or cvcii nssticiated claiois. In fact, iiiatiy sections of the 
tietwork are froquuntly very maturc, consisting nf carliur 
rypcs of coiiipoiieiiis such as p a p  oi l  cablcs and hitiiiuei~ 
joints. Mixtiires of cuinp[”mt types, ;igcs, mid woi:kmaii- 
ship staiirlatcls restilt. iu x n c t w o r k  whose reliability is diffi- 
ciilt to predict. Thc inirclcrii t r c d  is for a . w t  m:ui:igei:s in 
clcctl-ical ucility compiiiics t o  insrigatc prctl ictivc niaincc- 
i ini iw pri)gr:iiiis i i i  ai1 attcinpt to repair potciitidly fnu l ty  
nctwork conipoiients hcforc problenis occiir. Or: cotii-sc, 
snch a prograiii mis t  show n cost bencfit. 

Thc rlctcctiim, Incation, aiid rccogriiciori of partial clis- 
charges (I’D) at ai carly scnge of Ix)ssilile insulation failure in 
iuedium voltngc  ai^ of grc;ir importaim lo ]  maintcnancc 
ptirposes. As a rcsult, iiiaiiiteiiati~c actioiis can bc planncd 
riiorc prcciscly to pi:evcilt uiicxpuctccl discontinuitici i i i  up- 
eratioti of thc cnblc nctwni:k (Fig. 1 ). 

‘ I 4 ( >  obt;iiii a scnsitivc picture of  dischargiiig faults in 
prrwcr cables the I’D should I)c igiiibed, rictcctcd, :iiid locatcd 
at p w c r  frequencies that 31-c corupai-able to operating COII- 

ditions :it 50 or 60 HI. 111 this way, walktic iungiiirudcs in 
[pC] a i d  reprodnciblc patter” oC dischnrgcs ii i  ;I power ca- 
hlc c m  he obtained. 1’1) niuasurciiieiits dnriiig scrvice as wcll 
as oil-site coiitiiiiioiis cncrgizing ;it jO(60) H z  o f  MV cablcs 
wc not always ecoiioinically I-cnlistic lor oil-situ insptctions. 
1)iffcreiit energizing riicthi)rls hnvc beeii i n t i d u c e d  :incl ein- 

ployecl during rccciit ycars 11 -441. Thcrcforc, I)ased on dic  
assumption that  sensicivc dctcction of  crii ical I’D sitcs occiirs 
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The enormous lmgths of cable now 
imtulled3 together with the 
socioecmomic costs of failure, have 
identified MV cable networks as a target 
fw further attention. 

by a i i icthod iiimt sitiiilar t o  SO t l x  cncrgizing conditions, ;i 

incrhod 2s introduced in [4,6,7] For on-sitc I’D cliagiimis of 

M V  cahlcs will be discussctl (Pig. 2). 

Oscillating Wave Test System (OWTS) 
Bcrsdc !I%eory of Osdllathtg Wuvss 

With this inethod, t h e  cable sniriple is chnrgccl with a Di: 
power supply ovcr a period of just a few sccotids to tlic usual 
scrvicc voltage (Fig. 4). T h c n  a specially clesignccl solid sciitc 

switch cofiiiccts 811 nir-coi:e inductor to thc cable sninplc in ;i 
closurc tiiiie of <Ips  (Fig. 3 ) .  Now series of voltage-cyclcs 
star1 oscillating with the resotiant frurpiciicy of  thc circuit: 

f =I/( 27i ’:- \‘I.::T ) , 
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Fig. I l ixr imples of defccts, irtsulriioir dqrcrdrtion, wid (rliliircs possi- 
bis iu U nrcdirrnr-uchtogc cable system: 
o) explutied oil-filled cable joirrt, d i ~  to water eraterirrfi i l a  the joittt 115 

tbree-phase s h u t  circuit occiirred 
b) treeinx iia thc insidlation o j n  4s-year-old S U  C V  iHcrss-isnp~e~iicted 
purucr cublc 
c) nmwntiitg defect itt ( I  cable joint for pinslie-insdared 10 kl'crihle: 
crirhon tracks irftcr )rot properly reriroucri seniicoia 

where L represents thc fixed inductatice c i f  thc air core and C 
represeiits thc capacitancc of thc cablc satiiplc (Fig. 5) .  

-. 
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. 8  I hc air c o w  inductor 11m a low loss factor and design, s o  
that t h e  resoiiiint frequency lies close to h e  range of powcr 
frequency of the service voltage: 50Hz to 1 kHz. Due to the 
fact that the itisulation of powcr cables usually has n tclntivc 
low dissipatioii factor, thc Q of thc rcsonant circuit rcmains 
high depending tip011 cable: 30 to more thaii 100 (Fig. 6 ) .  As 
a result, a slowly clecayiiig oscillating waveform (decay time 
0.3 to 1 sccond) uf tcst voitagc is npplicd to cticrgizc the ca- 
bIc samplc. IIming tcns uf powcr frcquciicy cyclcs thc PD 
signals are initiated in a way similar to 50 (60) I-lz inception 
conditions, AI1 of tlicsc PD pulses are mcnsurerl iisirig a last 
dib' ~Itixcr. ' 
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PD Detmtiom 
The advantage of a high (1 circuit is thai PI3 can he inen- 

siired ou-site f o r  a series of undisturl)eil sitinsoiclal cycles of 
tlie test voltage. 1:or this purpose a spccial PD detcctioii civ- 
ciiit has been used providing serisicivc dutection of dischorgc 
sigtds. Due to thc fact that the switchcd DC powcr supply 
produccs disturhaiices diiritig chargiiifi of thc caldc sainple, 
thc 1’1) circuit is tlirreCorc iiihihitcd during t h i s  tiiiir. Uiiriiig 

the oscillating phase of the test cyclc thu UC powcr supply is 
Jiscniinected tu providc sctisitive I’D iiicwirciiiCiit (Fig. 7). 

Since thc oscillntiiig fteqiieiicy roprcscnts tlie AC condi- 
tions of die powcr liiic frequency, the i~icasureiiieiit band- 
width of tlic PD circuit has bwii chosen in accordaiicc with 
IEC 60270 rccom~nendations. For rhc purposc of location 
hy travelling WBVCS, tlie txwdwidth is inacased up tci 10 
MFIZ (1;ig. XI. 111 coinliitiation witti 3 100 MHY, dib’ iitizcr and 
depeiiditig upo[i cablc type--e.g., XI ,l’L 0 1  paper-oil-tlic 
detection ancl location of PD pnlscs rcmaiiis setisicivc fo i .  ca- 
blc Iciigtli d Cew kiloinctcrs. 

PD E v a h d o n  
The PI) signals, which are igiiitcd during one or 1nm-c o s -  

cillating W ~ V C S  and nre detected by  thc xystcirl, can tw pro- 
cessed for two piirposes. 

First, e x h  of thu I’D pulses caii bc analyzud for reflcctims 
using travelling wavc analysis (Fig. 9). Statistical cvaliiation 
oi PD signals obtained al‘ter scvcral oscillating waves call be 
uscd to  eva1ii;ite rhc loc~rioii of disctiargc sitcs in tlie powcr 
cahlc (Fig. 9). 

Second, valucs of capacitancc C ancl tm 6 can bc calcu- 
lated b a d  upoil the oscillatiiig ~ a v ~ l  tiiiie and hccpeiicy 
characteristics (I;ig, I O ) .  

Third, nftcr several oscillating waves the wIioIc discliargc 
scquence caii bc rcstilved into ;I phasc-tesulved PI) pattern. 
I n  this way pattcrns can be otitainctl that are siinilnr to rliosc 
recogiiized utidcr 5 0  (60) IHz conditions (Fig. 1 I ) ,  

For recognition purposes such IW pliase-resolvccl patterns 
ciin additioiially be processed using st;itistical dkcriininatioii 
a ~ i d  classification tools [8,91. As a resiilt, PI) dntnlmes with 
referencc to  typical deglndntion cxnriiples in cahlcs or cnhh 
nccessorics c m  bc crcntecl for inaiiitcnance purposcs 1.101. 
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Comparison to 50 Hz AC Energizing Method 
Evaluating insulaticin conclition of a cablc suction o n  tlic 

based of the I'D activity, scveral aspects arc of importance 
[I I, 121. Among others, the evnluarioii oiPD inceprion volt- 
ages as well as the measurable I'D atriplitides and finally the 
phase-resolved I'D patterns are iinportaiit: by arialysis ot dis- 
charging site in a cable sectioii. 

To prove rhat PI3 plienotnena (inception cordition, PD 
l e d )  as observed at oscillating wave voltnge stress are truly 
representative of R .5O/hn Hz wave applied voltage, scvcral 
on-site tests hnvc hccn perfor-mcrl it1 thc past, whcrc thc cn- 
Me samples are stressed with SO Hz ;IC vtiltages and oscillat- 
ing wavevohges .  I n  thc following iiiiportniit results of thcsc 
invcsrigations are presented. 

PD hcep thu  Voltage and PD Magndtlrde 
Lnhnrntory cxpcrirnents have beeti peri'ortned io provide 

insiglir 11110 thc inccption conditions and measurable I'D :in- 

plitutlc 171. A series oC PD nieasiirrniei~ts were pcrfoi-mcil (in 
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realistic internal clefecrs made i i i  6 kV plastic insuhted cable 
acccssories. hi particiihr, die saine samples have been etier- 
gized with initially 50 Hs ant! tlieii again using 1066 Hz oscil- 
latirig wave voltages. I n  Pig. 12, results of inception voltriges 
mid wcnsurablc i n  1pC]/1tiCJ 1'13 lcvcls arc sunimarizcd. 

[n Fig. 13, a comlxii-ison of I'D in;ignitudes m e x u r c d  nt 
two voltagc lcvcls on thrcc cablc samples is shown. Using 
botli inechods, the inceptioti of clisch:irges was detected at 
die iollowirig voltages: sruiiple (A): 6 kV; sarnple (B): 3 kV; 
sainplc (C): 5 l<V. 

It follows f n i i i i  thcsc figurcs dint in co inpd" i  with SO 
Hz (ac) t h e  1'L) lcvcl as wcll as thc ['U inccpticin vnltagcs arc 
in h e  same range. As a result, rakiiig into nccouiit the sto- 
chastic bcliavior ut' intcrnnl discharges no signihcilnt d i f fw  
eiice lias heeii ohserved. 

PD Localdolt Mappdttg 
It i s  known tlifltalocallirescricc of  discharges i n  a cahlc suc- 

tion or in cahlc accewnrics iiidicates possible defect, e.g., 
imuiiting dcfcct, lrical insiilatiori rlegmrlation. Therefore, in 
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I Table I I  Measuring ResulfsfromThres 10 kU PaperlOil Power Sections 1 

the case that the I’D inccptioii volr~ge, thc dctcctnhle PD tnJg- 
nitudcs 21s  ell iis p h a s w c d v C d  PD patterns can IW n synip- 
torn for dcviatioii of insulation conditions of ii pmiciilar cahlc 
section, seiisitivc location of dischnrging sites is in ipor~in t .  
For this purposc ns ineiitioiied j i i  tlic previous text, scvcral I’U 
pulses are nn;ilyzcd ns travelliiig waves tor thcir. rcflections. As 
a rcsult a I’D location uiapping c m  hc made, showing diu I’D 
auiplitudes or ititcnsity in futictioii o l  h c  cnhlc Icngtli ancl the 
locarion of cntilc accessories {Figs. ‘I4 arid 3.5). 

In Figs. 14 a i i c l  ‘1 5 ,  I’D location iiiappings a1.c SIIOWII ,  
which hnvc been olmined iisinghnth iiictl~orls applicd to thc 

siiiiic 840 111-long ‘I 0 kV cahlc section. It follows from thcsc 
lipires thi1t1 tising bodi tncthods, tlic sniiw discharge sitcs arc 
ignited I”:”duciiigsiiiiil~~ I’t) ningtiittidcs. 111 particulnr, hoth 
tlic ac 50 H z  energizing as  wcll as thc oscillating \wvc c11ai.g- 
itig indicntcs in tlic joint locatcd ;it 1.50 111 FU discharge activ- 
it.y of 4000 pC, which is niiich liiglicr tliiun clsewliere i n  thu 
cahle sccfion. 

Urilcss i i i  t h i s  particulnr juiiit 3 deviatiiig PI3 bchavior has 
becii (outid, CO judge tlic scIrioiIsiIess of die source of thcsu 
riischargcs for thc iiisiilntion conclition of this particular GI-. 

hlc, further itivcstigiitioii of clischargiiig dcfccts i t 1  tlicsc t y p u  
of acccssorics is necessary. 

Field Experiences 
llascd o!i tlirw cxatnples Croin field iiIcasurcinciits several 

relevant aspccts r c l a t c d  to 1’U rlingiiostics of niediniii-volt- 
age  OWN ciihlcs arc tiiscusscd Iierc [’I 2,131. 

Di ffertmt Iwsulfitio n Conditions 

on tlircc ’I n IcV p:ipcr/oil p u w r  c;ihlc scctions: 
Mriisiireiiiciirs discusscd in this cxmiiple are pcrforiiiccl 

3-core 240 rim2 AI caldc sectioii oC 840 111, dating from 

3-core 9.5 iiiii2 ~ i i  u a ~ e  sucticm of 775 in, dating from 

3-core 240 iniii’ AI cahlu sectioii of 4823 111, d d q  froin 

‘h IW iiieasii remelit rcsults f r o m  thc tlu:ec cablc .sections 
arc rellecrcd in Tnhlc 1. ’I’his comparisoii oC I’D inccptimi 
colditions aud PI3 nmplituclcs s h o w s  t l tn t  i I i  ench of thc cat)le 
scctions different proccsscs o w i r :  

IiiiIcss a t  Uo cal>lcs n and b .FIIOW the siiiiic I’D ningiiitttdcs, 
at K lJo cahlc 1) sliows uiiich liighcr 1’11 than cable a; 
calilc c shows  in coinparison to cnblcs a and I) ;it dlvoltagcs 
mudi higher ru unagniuides. 

This s i i i a l  I coiiipnrism i i iay iudicxe  hac 1111 lcss ticgligible 
diifcrcnccs in 1’1) mapiitutles as obscrvcd a t  II, varioiis deg- 
rdacioti piwxssus arc going 011 i n  all the thrcu cnbic sec- 
tions. 1:igiirc 16 .shows the PD imppings 2% niadc for :ill t l ircc 
cahlcs invcstigntcd. The iiiiippiiigs arc ohtaincd froin sevcral 
P1) iiicasurcmcuts at oscillatiiig voltagcs up to 2 U,). 

Accoriliiig to [ I  47, tlic use of liighcr- frequencies ;it 2“U0 
should not influence thc dcstructiveiiess of the test prnce- 
duw than at 50160 I Iz ac cncrgizing incthocl. On thc con- 
trary, it Iias been sliowti in [ ‘1 4,151 that the Iireakdown :it 
oscillating voltages are ~ i p  to two tiirics highcl: coiripiircd to 
5 O/h O H z .  

‘The I ippc i .  cvdaation clearly sliows PD activity on di1fcr- 
ciit joints (bl;ick squarcs) of a c:hle section. I;or cxnmple, 
tliere is a coiiccntrntioii of I’D :it tlic cable joint i ) t  150 til 
fimm the measiiring placc, with aiiiplitodcs i ip t o  4000 pC in 
all three pliases. Thc calilc joint ;it 500 111 shows a I’D coiiccn- 
tratioii ~vi1.11 PI1 amplitudes up to 3500 pC, hut inaiiily in thc 
reel pl1ases. 

The second evaluation aliows I - I W  PD conccntrations can 
also OCCIII‘ oii ;i location bctwceii two joiiits, in the  p;ipcr/oil 

‘I 4x2; 

‘I 96.3; 

’1.993. 
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rig. 16 I’D mnppini: fruin ineusurenrerrts 011 three it7 irV paper oil 
puiuer cd&s (black sqirarcs ore the locrr&iotis of the cahic joiwts): 
n) 1’1) cntttentraiioii loccrfsd oil the cobie p i n t s  
b) P O  coiiccratrrriioii i t !  ccrble insirlation 
c) t i n  cicriv I‘D comet i t ro t ion  

cablc insulatiun. In this case, a clear coiicenrracioii of PD is 
locatcd a t  17.5 111 froin the inensuring place, between tlic cii- 

ble joints at I OS arid 200 in. ‘Thc nutwotlc documentation re- 
vcals that  at this location, the cable r m s  t h o u g h  a pipcline 
under :i motorway. 

‘The third I’D inripping of Fig. ‘16 shows that R clcnr con- 
centration o€PD i i i  h e  cahle section is riot always tlic casc. A 
iiuitibcr cif 1’13 p u l s c s  is measured in tlie tliree phases, but 
they al l  come from differcut locations in the cablc scctiwi. 

It follows from thc comparisatl that dcgradation proccss 
of a joint or local claiuage of cahle iiisiilntion or even the iusu- 
Inrion degradation of thc wholc chic scction shows at IJ, 
coinparable PD inagiiitudes, The combination of these val- 

A 0 

PD Signal Detection 

lies with rhc I’D iriccption cotiditiotis and dcturinination of 
disc hnrge sites providcs additional i nfo rrnxti on for con&- 
tioil cvnluation. 

Ncvcrthclcss, a t  this inoineiit n o  statciiieiirs caii bc nindc 
ahout the criticality of these tlefecrs, bur it is lcriowti that 1’11 
coiicciitratiniis arc more liarmiill than discliargcs iii thc 
wholc Ictigth of thc cable without concent.rations. To obtain 
this infoririation iiiorc systcinatic on-site tests are tieccssary 
011 similar cablcs as wcll as laboratory investigation 011 scr- 
vice aged cablc samplcs niid acccssories. 
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50 kV Ovorveen - Velserbroek 
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Table II. Measuring resullslrom a50 kV power cabla from 1953 

phase V phaso W 

200 pC 150 pC 

12kV 380 pc 400 pG 400 pC 

800 pC BOO pG 

PD P a t t m  Analysis for Lok@5emgtb Cables 
I r is  kiiown that duc to attciiuation of PD signals, thc de- 

rection a n d  location of disclinrgcs iti long-length cables (> 
4km) i s  clifficult. I n  particular, pulses coiriirig f rom thc oppo- 
site of thc rcmim cnri are hetrer detectable than tliosc coin- 
ing from rhc rc imtc  side (see Fig. 17). 

To discuss rhis problem, iiiwsurcInciIts :ire performed oti 
a 3-corc 240 t n i d  AI cable sectioii dating Frrm l99.3. Total 
lerigtli of th is papcr/r4l cahlc section is 4820 tn. Muasurc- 
l i m i t s  011 this cnhlc scctioti arc performed 011 both sides. Fig- 
urc I X slirws thc I ~ I C D S U I ' C ~ I I C I I ~  results from the two sidcs of 
rlie cable section (1) and c) at ;I tcst vriltagc of 9 kV,,,,, (:I.), In- 
ceptioii voltage, PI3 levels, a n d  PD pattcrns arc siiiiil:ir for 
both iiiensiiring sides. 

1.ocatioti of tlic dctccted PD sigiials cnii be iiiadc for thusc 
pulses originating lroiii 1'1) suiirccs on thu oppositc 1 d 1  of the 
cable section froni the riieasuring side. Figure I9  a shows the 
iiiapping of located PD froiii the 50 kV Owl-wen cidc, the 
mapping irorii the Velserbroek sidc is rcflcctcd i t i  Fig. 19 b. 

As shown in this cxnmplc, n ci~tubiiintion of PD rneasurc- 
mcnts 011 hoth sides, combined witli PD inception voltagc, 
1JD msgnitiirles, attd patueriis c;iii support PI3 diagnostics of 
long-length power cabies. 

Location of Dischcarge Sites in Consbinsttom 
wdth PD Pattems 

']'his examplc IiAndlcs thc t i i c a ~ i ~ r ~ ' i n c i i t ~  pcrfornied 011 

six 1 -corc 'I 20 mni' 50 kV IIIL~SS power cnhle, tlircc with n 
letigtli of 323.5 i n ,  thc othcr three witli fi length of 20XO 111. 

'['hc iiicasuring results from OWTS O F  one of the cnhlcs is re- 
fleccecl inTable I1 (orher cablcs show s;Iiiic rcsults). l 'he cable 
was mcasiircd with C>W'L'S up to 22 l<V,c,l,. 'Hie tahle shows n 
slight growth of PD finiplitudc iis voitAgcs i i icruxu. 

A Iiotablc fact froim the perforined ineasurenient is  that 
with fivc 0 6  the six cables, 110 particular location of rhc mea- 
sured PD nctivities, as shown i i i  cxniiiplcs l a i d  2 ,  could bc 
clctei~wined, Figure 20 shows the itiunsiiiwl I'll pfitternswith 
OWTS from these powcr cnblcs. 'I'hc I'D shows :I sine-rc- 
sembling patcern. 
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Aascd on this b c t  arid that 1'13 magnitudes :ire iii thc low 
I-angc thc 1'D activity origiiiatcs fm1m the total length of thv 
cable, causccl hy  degradation of the insulntiorl iliarerial dui-- 
ing tlic 4.5 yual-s of exploitaiion. 

hi otic of tlic six measured cablcs, it w a s  pmsilde 10 l ~ c a r c  
tlic dischnrgcs. Figure 21 shows thc mcnwrcrl PD palreria froiii 
rliis powci' cable, Here, rhc sitic-rcscinhlitig pit tert i  is visihlr 
roo, but also high 1W sigiials are ~.owcring ;ihovc the pnttcrti. 
Froin these high I'D pcalrs, the locntiori cnii hc tlctcriniiicd. h i  

overview of chc locatcd I'D issliowii in Fig. 22. A m1icciitr&>ii 

of PI3 is locaced at 1.55 111 fronl t l ic iiiexiiring sidc. 

Summary 
Stressing cahlcs with oscillariiig wv~vrc prc iv idr~c  rgiiitiriij 
coilclitions for partial discliargcs di3t arc: s i n i i l m  to ,511 HI 
AC cucrgi7,ing conditions, 111 thiq way tlw ['I> i n c q > r i c l j r  

voltngc, magnitudes as wcll as thc ptiasc-l-esolved 1'1) 
patterns are rccpresentativc f o r  disc1i;irgiiig rlrfccrs. Mor<>. 
rwr, basecl ot i  the ir;iveliiag wnvc priticipk pnrticrilar dic- 
chnrgc sites c m  he tr~ccd Iiack. A s  a rcsult, it caii he 
ccinuludcd that O W S  is il practical atid Convciiiciit s d r r t i m  
for on-situ I'D cliqnosis of riieriiiii~i-voIt;i~L~ po\vci' r : d h  
With rcgarrl to using owrs AS diagnostic tcinls fiir :if- 
tcr-laying tests or inaitilenancc piirposcs of MV cnlde nrt- 
works, scvcrd aspects are of: iinpottiiiw. 1)isdi;irgc:c.q 
dctcctcccl in a cablesection cm hc i -datcd to diffrrciir iiisid;i- 
tiori conditions: 

tlischargiug in a parcicular cahlc iicccssory; 
dischnrgc situ in the cable inculation; 
discharging ol die cablcs insulnrioii witlmul pariicul;w 
dischnrge site. 

'l'hc detection of discharges iii n cdilc is imt siikieiar TO 

jurlgc the seriousness of rhc discliargc soiirce for. die i i x i i l n -  

tion conditinri of a p"rticular cnhlr o r  ;m ncc-wnry. r h r  this 
purpose detailed invcsti&on nf clisdi;ii-giiig drfrcts in a 
type of iilsulatinn i s  ticccssary: 
analysis of 1'13 incuption ctditinris, PD riiagnitiidc.; ,and 
phase-resolved 1'11 yattcriis; 
ageing ancl degradaliou effcctr; iii tlir insiilkoii :itid tlicii- 
mniiifestitig h y  partid discliargcs. 
Vcrifying t h e x  rcs~~lts  011 systciiiatic Eeudlxick troin on-sitc 
tcsts, the OWTS method as a corrapacr and nondcctl-iictive 
triol can becoi~~r: ;in indispensahlc roo1 for dingiio& srip- 
port- and conclition-1)iisecl iii:iiiatciinticc of iu r t l iu i r i -v t~ l t~~~ 
powcr cahlc systems. 

Further Research 
' l l ir god for clecrriciiy iitilitics is tci ohtniti a sciisitivc dctcr- 

niiiintioii of t h  iiisiilatioii cniidirion o l  the mediiiin-vnlc~ige 
powcr c;ihle iictwnrlc. To build lip a ciiblc diagnostic, i i  systcn- 
atic a p p r o d i  is ncccss:iry. Therefore, higli-risk cable sections 
i t i  tlic nctwork should hc itlctitificd md PD iiie:isLirenieiits on 
tllcsc caldc scctioiis pcrforiiied. Iu parricular 1-hrcc steps should 
lw t:ilieii to cicvclop ii conditioii hascd cliagnostics: 

I .  t'roin die iiieastircinetits, systcniatic iiiforniatinn should 
hi: obtniiictl mi typical PL) hcliaviors for diffcrcnt c h i c  scc- 
t in i is .  ' [ 'h is  inforiii:ition contains thc iticepl'ion conditions o f  
(lie I'D (inception voltagc, PU i~igiiitiide, cahle Ccrnpcraturc), 
ihc ph;isc rtwIvccI p t t v r i i s  o f  tlie rncasured I'D signals, at id 
l'~1rtIicrmcirc thc Iocatioii o f  tlic PD in the cable systctri (cablc 
i i i w  L i t  ion, cddc joints, or cahlc tcrininntions). 
2. I:,v;lluation of iiiiportaiii- degl-sdatirin pl-occsscs In ser- 

vice o f  powcr cahlcsslinuld hc madc h y  idcntificnticm d r e l e -  
vnnt  Ixirainetcrs io indicate tlic condition of thc cable. By 
rlevelopi ng n rlatahnsc, cvaiuaciniis oE the systciiiatic inca- 
siiremcuts ai'c simplificd. 

3 .  ];inally, h e  itaa~~lcmciitation o f  diagnostics and lmowlcdgc 
rulcs for diCfereilt irlsiilatirrn inatcrials (cnblc insulacion, ;iccesso- 
tics) slioiilil bc ni;iclc and tlic npplicatirm iii tlic ficlcl checked. 
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