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mTIDI OF EITRUDED OARLE INSULATION IN ONE HD

1 : Ingmtg-

Thres-phase exiraded instlation celilye ‘for-reted voltage up to 6 k¥
may be produced without ra:.eon&atm shislds on the conductors and on
the core iamulation, The Polish standard 1] allows manufscturers to ma-
ke guch cables ua.‘-.ug on]; pnmi ohim:‘ide (PW) which is the material
more resistant to the aﬂtult of - m dhchrgs eroaion than polyethy-
leas (PE}. The standords. tt pther mtr!-ou noecpt in such cable const-
rustion ale¢ PR mmum M Anetance ltlﬁu'd [2] ‘permite producers
te wee that meterial up to the voltage of 3 kV and anither standard [3]
avea up %o 6 kV,

Thres—oore cables without conducting shields sre characterised by the
alaple structure snd sanisr manulfacturing procnn. But some probleas
arige whan & resssrch progm i utabuahad to araluate the techaical
propertiss of the investigated cable constmuon. The standeards mentio-
ped sbeve pmu that nndmnoo 'buts of the cables sught to be carriod
ontwiththo m— voltage qm mmaor the J-phase one, In the
case of & ut.ul field sabls th:.- has £o maning :I.nporhnce. In & cable
with & care’ bineﬂsr the 3-phue voltage field diatribuﬂ.on differs signi-
'fimth trn the ‘-;inu 'rolt-go dintribuﬁm i.a, thc elcatr:l.o field
wtmmummm-uzﬁmmmm- can
intensity & muzmmorm ‘cble insnlation,

mmmwmmu-mﬂmdmmmun
Mﬁ -a% '-Eh 1-)!.'. Wﬂtﬁ ﬂ- !-m ml. !hl lnmuntim
ware mrfomd dﬁ mkht ﬁm hnth mm whields lM nuuhtion
m. - =t
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Investigations were carrisd out on a three core eable model with a P2

insuletion without both conductor shlelds and core shlslls. Its sscticn

is shown in Fig. 1. An aluminiun conductor ef 240-2-“;&« congipte

of a sector shape ecmtucturo.fizona braided by 16 wires of 3 ma dia-

nater,

Pig.1, Ssction of cable model

l-working comductor, 2-FE insulation, 3-estrofol and FYC tagws,
4-returs coaductor, S-PVC jacket

fhe insulation of minimal thicknesa of 3,3 mm is made of milky - whits
¢olour polysthylene with ths irganox 1010 stabilisator. The cable core
hindarconsi-hintmofmoﬂmfaltapemﬂnm??ﬂhpu()ﬂmin
thjckness., The ret;u-n conductor mpuuﬂ of twe coppar tapes of a total
eeciion af 18 :h coated with a PVC jaaknt of thigimegs of about 2 mm.
" %he enduranee voltage tasts wors earried out on omble msmples of the
meagure length of 2,6 m. ¥he times to the breakdosm of the individual co-
re insulsticn at the 3-phase system voltage of 20/34,6 kV and st I-puses

Eystem voltage of 20 k¥ were campared., Tbs J-phase field distribution in
the cable lasted to s breskdown of the first core, Aftay Zhe

breakdown the ocors bas bean disconnected end left unsarthed i.e. the
gystem hus been tranaformed 1nto a 2-phawse one and naxt as a result of a
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soguent breakiown into a l-phase nm Qno-mn mm wyEten I.nru-o
tigations were performed in two versions nml:

4/ the voltage has been’ q!plzhd‘be‘hnnﬂu tested cable en:cund the
urthadretmcmﬂﬂlntheothnmm-artm,.‘ o

b/ the voltage has besn applied bDetween the tested sore nnd the earts
hldretmcura'hmmothnm-nnm o

?arthldxach;raumm:mhﬂunmtdmmtor this tys
pe of cables in endurance voltage test -nll thus their ignition voltage
at a sensitivity of 5pC bas been measured, It has been tried to lokalish
these diecharges and to explain the sechanism 0f their effect upon the
eable insulation.

The obtsined times to breskiswn 1n 3-pmtes solinge bewi ged-ai soth
i-ghave voltage tewts sa¥ shown in Teble 1,

) £ n& mysten were teated 5 oable’ samples carrisd out by using the
hﬂmll mmm:tm. The soale paraasters To and the shape coefficient
have bean counted, T!D -nsﬂtq.(-ﬂ,l» b and 0.9 h) situated clearly out of
the distributions and probably due to technological defscts of the insu~
lation were neglected. Pig 2 shows be time distributions to the first
breskiowh in the systemm: a - in the 3-phase system, b - in the 7-phase
systes with the earthed two ma:l.ning‘ conductors, ¢ - in the i=phase one
with tha unearthed remaining conductors. By a comparison of the scale
paramneters ¢f the distributions a, b and c one can ses that the test con
ditions of the 3 phase voltage aystem seem to be the most dangerous for
the cables (T, = 76,5 h), next the test conditions of the 1-phase gystem
with sarthed remaining conductors (T, = 197 h) and the goft test are the
tegt conditione with unearthed remmining conductors (To = 330 k), The
sbape coeffipient of the distributions are conteined within the iimits
of 1 %0 2,

The test conditicns of the 3-phase voita.ge aystem are going through
ttanges as the catle cores are seguently subjected te the cable brakdown.



242

Pimes to e breskdown of the tested cables at the 3-phase
voltage of 20/34,6 kV and st two ‘test versions of the

i-phage voltage of 20 kV

2able

1

Semple Test ?imes to breakdown [h] To[h]

Ho e : .

lept | 2-nd | 3=th | t=st .| 3~th all

1 S-phase 56,8 | 143 | 205

2 53,0 66 300

3 13,0 643 | PI000 | 76,5 647 -
4 32,0 98 907

5 0,4 103 174

6 ‘L-phnsn, 109,0 - 2h0 376

7 earthed 185,0 | 254 | 42

8 95,0 514 537 | 197 - | 343

9 35,0 gt | 62 | '

11 l-phase . | 168,0 { 860 [>loc0

12 unearthed Qe G 145 160

13 393,60 | 709 |>1000 | 339 - 720
14 291,0 | 365 [»000 |

15 1171,0 | 535 910

ngammmsmmmumtoms-thmmtmi—m-

sen aystem - Maﬂmmmmummummi-pm

voltage toste: with earthed resalning conductors - lins b and with une-
arthed remaining comductors - :Linao,ﬂhnmlapnmetmf are 64T b
(a)s 343 h {b) and T20 h {e¢) respectively. Pne digtributions & and ¢ he-

ve gimilar scale psrsmsters because the 3-phases test trensforms ioto the

t-phase one with unearthed remeining conductors when two cores in each
cable sample are broken down. A less cable gtrenght 1in the 3-phase test
is due to a certain degradation of the core insulation af;_ the time to
breakdowns of the twe Torgoing caores.
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hout earthing -~ line o.
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A1l breakdowme obialned In the dascrlbed mmmﬁmmm
emmtmomwuwmwzvummnmmm:
some Gf the neighbouring corss. The places beve been signed io Pig.! by

Mmmmmummwmummm-ue-
mnemmmmmsmwnwdmmw
tensity caused by the T-phase voltags. Puring the tphase test with une—
arthed remsining cores there 38 induced on these cores a witage of sbout
15% of the supply vocltage due to ogpmcitive coupling, Thus the offeotive
vnlm.bemthmlghm mtﬂlﬂhmlwmtaﬂdt
tmtullmtvoltlgeaﬂthilbﬂn&auhauttoaMMNNMt
gonditions,

Barljar munutm lhﬂ!id that the moﬂu action ur pariial die
cm;umﬁuﬂimht&mhcamﬁdmhhhﬂmmwm
oe test results [4]. The exieting seasurement systews of pertial dlechew
ges are accomodated to Vephass qm tenta, B0, there iz Bo possidility
tammthmdinehnauﬁchmmoﬂﬂthﬁtpmdth
3-phase voltase. Nexsuressuts of partial discharges Mave been cerried ot
in following sysbem in which e l-phaes probe voltegs has besn applied be-
twean: l - .

a/ connscted with theasslves cable cores sbd the earthed retun condw
ctor, .

v/ the single ummmmm—nmmtuumlu
the two remsining cores,

e/ the single m-mmmmnmmnﬁm
hed rempining oable cores.

The ignition voltage of the partial discherges of the smplitude of Spb

nas been measured with the following valuss for the systess: a - 4,0
KV, b« 4,5 k¥,. 0 = 5,9 V. The gysten ¢ with 4w unearthed cables cores
has the lesmst pertisl dischuargew intenaivity. The osuse is probedly of
the same Kind as in the endurence teei namely the decreass of the volta-
#e batween the feed cable cove snd the unbeTtbed coIes.

One has siso trief to loocalise discharge BOUPCEG. mw
mtotmwthbthh-Wmdmmhhmmm

mmamwum»mmmmm
voltage, The isaition voltage at the ssusitivity of 5 pC 4n the tested

mhhm&dimmbnhuxtﬂﬂmlymmmw
iythe into the woliking conludiors.
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An & Temult Of thess tests it had bean ‘steted thet partial discharges
developing i thw sir gaps betwesn the cunsucter and tbe inmulatiocn are
mm“mmmntmdm Wﬁm woltage din wach cables.
mmmummmm.ormmmmmﬁ
matmmmw-mwwumnmmuem
1uwmnmmuaummmh.
Mmdmwmmmmuuhormmuim
mﬁcww&tmmmmwhthnduof
mmimhﬂmumummmmmetwtmm
$ien, mmmmmmmmmwemm-
m”hWMaw”ﬂmmm Thege dis-
Mﬂmﬂmmwﬂﬂmnmmmahﬁtoacmtor
famﬂm an the tmwr supface of Abe. inslation, m ‘the microscope
mmtinAmhu'ithamthofuhmto.4nm" bnnfound.lnrn
4-1:!:mnhounﬁnttWMnldﬁﬁlﬂpcdtmtm-orkmgcon-
ductor in the resturn candnotor ducetton._i‘hh mgssatim conﬂms the
nmmmunctmnurmbm-. ‘
mmw«nmmmtu-nmbemmmmmu-
hﬂmm!‘mﬂtdﬂmi&uﬁﬂﬁwﬂmaﬁ-“odmm—
pulsticn colour, ATter s fow huntreds af houre of probe voltage action a
mumnmmm -muntoramutupumor
mmmhminmawmm-nm The change of the
m-um-mmmummgtoramn Low bundreds
hours resched the whole josulation thickness i.s. about 3 m.

¥ig 4. Preakdown catal wectlon -



cable caruhuhmm M&.MWMuﬂm

Mmmmammmammmwm
m-mthtmt:nm

4.1, Por 3-phsse osbles Without shields o both ccadacters sad cere in
sulaticos eadurence voltage testa ought o e parformed 4a the 3
Fhave wysten {the time t0 ths first hreskiosn tallag under cooides
'nwmmumyn-mmmmmm-
ticas softer. _

¢.2.mmwm\mh&mﬁutdm'w

4.3 The iznitien voltigs 4F partial diséhmrges in csbles without both
of air gaps botwsan the working conductor sod the insulstion.

et In the coss of a designing of » PB ceble without core shialds air

gaps betwesn ths woyking conductor and the mmﬁm ought to

be eliminated,
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5+ Reforences

1, PR=76/E-90300 - Kable elekiroenergetyczoe i sygnalizacyjone o izo-
facji = tworzyw astucznych na nDapig¢cia shamionowe nie przekraczajgce
18/3%0 kv, .

2. IEC Publ. 502.1-1975 - Extruded e0lid-dlelectric insulated power
cebles for rated voltages from 1 kV up to 30 kV. :

3, NKF H 75=35 = Netherlands apecifications for PE or ILPE inpulated
high voltage cable and accessories.

4. Wapilenko E. - Presbicie dlugotrwale izolacjl polietylenowej przy
napigeiu praemjennym 50 Hs, Zeaxyty Haukows Politechniki Gdefskie},£lek-
tryka XLV, 1978 Iy



