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1. Totruvdueticon

Tha Pormation of tbo mechecism of uster twreing apd its effacting on
ihe rnmmllt}_? ot polyeciylecs (PE) insulated peowar cabiés ale net s
£ficlently recognized ip ! Esciaicsi Jateratury in spite of sxtenslvwe
y+peeTeh work wolsn hew been osTried out. At leawt tiree hasic ypeshe-
sie Of tho sc*er weeing iz 18 sre discussad [}}. 43tusl apialens of the
protism of fangsr Tor e PE fomalation darough ¢ 2n” 30t with wgtal s
divfarent, 109, Th. enl Janger of s breskcown of th  ipsuleticon by elan-
Zetion of ths waisy tres i; mopt foequently pointe . ot The Ye<.i twch-—
atquer ©f ihe PE remigtance tc water treeing &re male =2]. It i accep-
ted thet the initistion of the water trees reguires two inings. The

ivat one is She presesce of a comducting liquid or s water wvapour in
sttt wite BE :_3:} grd the second one is an electric field with mn in-
tenvity Tar Lers than cecessary for growing of eirctricen? «raua.

1 45 axpented tha* S water treeing cmuees change: in the proper—
sime L a2 PE lossinsiion during a time, for instance loss factor, re-
eiatiTity or 8lectric wtrength. The results of the first rrasarch stage
spe asgaribed in inle paper. It investigates thie problem om PE Insila~

te ) wed vm o) tare cabieas.
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2, Test wrthodp

Investigations were cxrried out an cable ssaples witk themmoplastie
polyotinylape ingulation af 15 k¥ rute. The cable had an sluminium con-
dnctor twisted Irom everel wirer with a total sectism of 170 mm® whioh
was covered Iy an ertrwded type sbield, The conogpiris -vonductor of thet
orids conairted 4 sesripl ooppRr wires wound g the taps type dasula-
Tisu ghield,

Tasts weyy pesformed oz 4;75 a zsaplas znded by wpecisl lsboratory
terninntions whlch were partial Qiscbarge-Iree Ar the yuuge of the usad
teeting voltagon. Seble ndi:l-.na were taken From oae Renufacturizag epbis
ssgment in which the discharge inception woltags wasx egual 14 k¥ gt 5 pl
rensltivaty.

An the bagic criterion ip arygluating the 1nTlusnos af moliature on ilhe
Cielmeiric propexties o the Yo lusalation the ¥ime %c the breskdvwn of
Ty sable sample lummisition in a viliags eaduwmnes test hae Deen teloen,
Inodiag tont temps the plternating voltaze of s conxtant walue, miéture
and cyclic changes of the insulation tempsrsture acted silmultaccusly,
Snch conditions simulased the dmngers wilch may sct upon the calle insu-
Jatian ia JETvice. The mable samples were divided Antc three grouns of
t pepmertg:.

Froup & « Ary smaples {0k v ogU.aply

grogy B - saupler wlix mster at the mnﬁnc'qu

Frour U~ amsppiés wlth water 75‘& the cancin{:rm eratactar.,

Doy exble prmples Revs Geen weted DY & sclution of dentilled wso e
witn D, 1A smaonsom chloride {lﬂ#ﬁl}, That moluti i £ilie:. cthe wolds 4n
e anpe o c.t‘:-r.&aeg‘.‘a“ic copduekdr. Selution Decrersobr wers woRtaenkie
el reflced vith new elsctrolyte dixing the *at.

Far wable seaples were mubjecied to aetion o ar mltespeting = ltee

ot o4 Ua = 34,0 X7 and oyeld- chap jes of the ineuliion tomss - oTure Sron
2077 tnmlient vemperature}. mp to TC°C with six Lour myclss of @ -ling
erd cooiing, The mesaprvachie of i loss Fooor ond dhe s '

¥z oarriad ut -;.mmiﬁ.u}- durins thne enduzeuse tenw, ATTar v 3
the ixpuise strergin investigation weis c&;rrim-d‘au‘: and op

letior specimeiy wore amslined sicroscoploniiy,



Je Life to the bregkdown

The cable samplesn wifh water in the conductore (group B) had the
leagt life 4o the bremkdown under test conditions, whereas the highest
one had the samples with water in the concentric conducteor {group C}
which did not break down in aspite of the fact that the test was perfor-
ued up to 2 000 hours. The parameters of the time distzibution to bre-
akdown of the investigated cable samples ere shown in Table 1, & Vei~
bull distributicr has been used.

Taeable 1
Parameters of time to breakdown dietribution of PE
sinaulated eable pamples-rated 15 KV in voltage en-
durance test of 34,6 kV

Cable Scale Shape Stete of lpsulation mfter testing
grouy | parameter |parameter
5

A 1,038 1,82 Strong erogeion cf PE surfuce

B 589 3,44 Strong erossion of P2 surfece, nume-
rous water trees of bow-tie type

G 2,000 - ¥o breskdown of insulation, numergug
water treeg of bow-tie and deltes ty-
- pes

Egzaminetiocns of the ceble insulation sample stated =fter the volte-
ge endurance tests have shown that whe breakdowns of the cable insulse
tioﬁ 8t group A and B brte been cagused by & atrong eroseion of the ou-~
ter ingulstion surfeace.az regult of the partiasl discharyge actisn in the
sang of the concentric conductor, The discharge inception voltiage mea-
gured perindicelly ip the cable samples of groups A and B decreesed
frez 14 kV to § kY with & simulivanecus increase of the diacharge magni~
tnde fyom 40 pC to mbout 400 pC at the test voltage egual 21,5 KV,

ihe mction of such partial discharges on the PE surfrce causes fore
mation of craters of a long shape gaeeous cavity which are changed intc
hrepkdown canels &t the continued action of testing voltage [5]a 411
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breakdown cgnsles were situsted in the areas of the strong surface ero-
eEgion.,

The presence of water in the conductor of cable ssmples (group B)has
cgumed the generption insgide the ingulmtion of numerous water trees of
bow—tie type (see Table 2) which were mbsent in the imsulation of group
. ssmpies. One cen say that the presence of water irees in the insula-
tiop deoes not effect principelly the decresse of the time %o breakdown
in the voltage endurance test of PE insulation - the acting of partisl
discharges han a greater imporiance.

' Table 2

Ferametres of water trees in PE insulsted cable

saxples rated 15 kV exposed 4o action of moigture

{Cable ¥ater trees of bow-iie type Water trees of delta type
{ATOUL 3 T
: ! a ; b S 3 & b o,
; F ; o 1/mz min mm 1/mm
; !
'& 40T } C,3 ' 330 - - -

o G,08 ; Gyt 17¢ .01 QM 20
g E J

8 - average lengih, U = maximel observed length,
n -~ meximgl obssrved quantity

The fegt results oo cable samples of group .l in which the weter fil-
ied *ne volda ir the conceptiric conductor confirm Tne above conclusion.
In uness gamples partiel diecharges did not develop, thus toere was 4o
outer surface erossiorn of the PE insulation. Hone of the invesiigated
sapp.es 1ié breek down in spite of the endurance vwest of 2,000 bours
and the emevgence inside the insulstion onumerous weter trees of the bow-
t1e ané delte types. The treee of the second pantern wers situsted ai
ingalatiion shield, ' -

Tne Zact thst there were no principal differences between tne disiri
Sutions of the time to dreakcown at the cavle pmaples of groupe 4 anc B
wap aiso confirmed oY The statisticsl teste. All theee times-womprise

[ad

fae diswribullon with ine ¥eibull perameters I = Q68 nours and L = 2,5,
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4, Loss factor

The loss factor of the cable insuiation bas been mewwetred at lssa test
voltage ‘thefi the discharge inception voltage of cable semple {ususlly Uo?
in order v omit the logses which are eonnected with partial diaschurges.
Tha meagurement fesults ars strongly dispersed. the variation coeffliciant
upually equala from 45% up to 608, Thie fact zakes the resull of analysia
difriculd and does not sllow conclusions.

Iz oplte of thei-e wesk points the depsndepce betwesa the FE iasulation
Toss ¢ cuds oY the cable samples and the way of thair watering may be
pean (3.7,
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#4B.7. ¥aristioy of less femeser of the PE insulation with time of the
LS 1lheys tadurance teat

Tae Toge taugﬂg? o the group 4 ceble sempies did not change practicallr
. -iu; the volimge sndureoece test. In the cadls samples ol group B a pgte~

aGy lntrsase o “he lese factor wae observed, Ii reached a value cbout
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3 times greatear than tan ¢ of the unaged FE insulation after 1,000
houras of the test. Ila the group C cable samples the lose factor did not
change during the firgt 1,000 hours of testing, After that it increased
gimilar as the loss factor of ine group B sempies reaching aftesr the
next 1,000 hours a value which wae mbout 2 timeg greaster than tan J of
ths unaged cable, ) -
Concerning cable ssmples of g;'oup B it may be stated that the loas
factor had decreased in the period without a voliage efter the endurance

tost (Fig.2).
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Pig.2, Varietion of loepe faoctor of the PE insuletion with time sfter
gwitching the test voltage off

I7 the tan & value which & sample has after particular period of the
endurance test ia assumed as 1 then after awiliching the teat voltage off
there will be the fest decreasing of the lose factor, The afiite ' “
vglue equalp about 0,5 and the principal changes ccour in & time to 26
hours frow the moment of switching the test voltage off. This phenomenon
may partially explain a great dispersion of the loes factor values in
the tesgted cablies., This may alago id a principal way infiluence the chan-
gee of the PE loge factor in the voltage endurance test during which the
unvoltege breaks are inevitable (ineulmntion breakdown, conircl messuree
ments and others),

The obtained measurement results show the action of molgture on the
PZ insulstion in eceording t¢ the followlng scheme:

g) electralite psrts penetrate into voids between the PE chaine, the
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electric field having m directicn zonfomsble to the @iffugic. diveetion
greatly accelarates and emplifies that prucces,

b} efter ewitching the temt voltagz off, & reverse precess startsidry
ing of PE insulation, thoug: & pert of the elsctrolise atil}) rexaing in-
.aide the insulation,

Similar conclusions have been formuiaten i paner [3] bagei ~n model in-
veptigations.

5, Velume resiptivity

The P& insulation volume resistivity of the cable gamples Lus bGeen me—
asursd at a direct positive voltage of 50 kV terminated to the comcuctor.
It hag bes=n étated that the volune resistivity of the PE insulation
in all cable sample groups Secreases with ne voltage endurance iteat ti-
m¢. Thet variation clearly depends on ageing factors to waich the iunsulas-

tion was subjected, ms showa in fig. 3.
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Phe biggeet -arisiicae ocoursd in the samples of group B in which alre-
ady after 207 heur test the volwms resistivity decsesges ebcut 50 timee
it comparigon wito the faltlel wadue,

It may be seen =hut the volowma z*eéais"':i'rit"ﬁfaglatma ere caused by
e Tects OCoUTing __nL:-:Lr:ic- the inpulat’ im. ibe Trecerc? Of wate~ ingide the
inBulAatier sy seess in o decigive canner parti‘cipatinﬁ‘ cf the lon mecia-
aier 3. 3destr.c .apdirtden, Waber peasiration into the PE fnsulstion ie

$ro comnpertioe gradted i, ceoen facts are the’ nasy explanation
£ owyn fiffarsneeR Deltuesn The surv g ko= J wrewn 1. Plgp,3 for e

reble mamples of zrouns B and O, Fartiai dlscharges soling in ine tape

ipsuleticn shield sro sruthar Thetar h‘;r.‘j.:;mciné, ‘ne dsrease o the PE
valume resigtivliiy, Thame ¢igohergee caws: the atz‘\;:mz-;a changes o the
PR inatlailon Leadiny to an iarroaee OF the 4leciron SORARCTLG: [":_3. Tra
repllte of the mctisn of that tactor ore “ar L .3e {ourva A ip Fig,%)thas
the onion i wenoT,

The = AplLAivii, msacirements are sb}_g aeffertively to detern? wetting

2T tne PE insuistlon of power cablés.

2, lopuise atrepgth

Im:-lse stvengih iovesy) . ...as were carried o c o arser to deleimie
e T i umac® GF g0l ot .9 the shnrtesiss atreogtt of tae 2F iaguie-

ciom. It seperison with BucThetias inveptigatibus a3 e allvraetiho.

vo.tage Luer novd i s couplic of advgategre, ¥or-inolanoo, LA LT ¢
Tomeies P imnuplgeg spolled tu the  sble panple core, Lt oansniltGn L

Ceoty Lilaltes ciose L3 The conducior (phoaitive Jruuliee: Pt NE fuwde
say, ~4 2 rapductor [Loxetive impuises) celd be de ksl {:&l‘-.

ix £ mesituTe of shori-tims oirensti foe DdAbe, OF IBLGEET T tam T ve

aggow of e PR odnsclatlon hag voeen th Pha LpoaSn O plin Lo e
..d the <hate oF 1.2/50 sng the gouneihamt ek ovalow o To o7 ”
-icmtiome wer: carried (vi oot o dnsad oar oaperat oo Lo =

exmmiats o o

e 3




ned resulte can serve only & suemiitativn ovelustis. of the in zeiigeted
rRenonenRol,

The cable =amples aged Juriuag sbout 3,000 rouve withent molssw
fzroup 4) withetood 0,000 pomitive ilrpuls-s. In tne sgme aamplee = bre
Akdowr et negasiv? imnulees cocuree eiveady on toe level of 17,000 im-
wilses. Yhat drcreare of impuise atrendih L& ocuped by Liatinct ercesimm
of the outer insulation surisce.

The lmpulse strength of sumpies exrosed %o sction of meistuce is far
“ogm and & direction of water diffusion Tl ihe P insulstior has a great
{nfiucnce or tnat decrespe, Ir Froum I Where wOEAD penetretsd fi woohTe
dance with field direciion, Ihe aum:ber of ‘ampuirss to e Dreskdown v
cressed tc the level of seve ni runareg iagiilve ILPRLEEE (gl svernie
%70 impulbtee in & investigated easvles altar «bsut 7,00 sours of
z_geing,, )

In -ae eamples 0 group (O waere th: direntions of %ne elechric 1.eid
ond the weter Aiffusion wer: »pposite,. Lae decvreave off the imprliee
surertn wes less ir spiie of iwiss as Long time of cgeing zad it cceou~
rad ouly at o negative polarity. The max o of irpuissg to the treak-
dow- “sanhed a leve, =of seve-sl thousands ©U the zepative impulses e
sverage 3700 imrulses ino % ilpvestigated BLRLLIEE, o

HBesulie oFf she ippulase atrengtn iavestigelion sicwm thatl noigturs 6h
the BT inguislion couser @ considc-able decrease of sr r¥-tdme slec vle
sirengts, “he pene.rmiion of water from the side of ...° conduetor LE Wo—
re dangerous for ¢abig reliability. In prectice thds ~a. cause & ZON&i-
dersble So-oreage of the nucher of T2fects in the PE cable irnsulation su-
piected 1orthe Jetioe of molsture end situsted in risces where o areat

ausber of ligitnings occoures.

TAw AUTEat.ratiing- thst were carried cul are ahle *o Foraulate geve.
5l on riveionsr ooacemiing the iofluence of molsture wpoL trhe £iectiil-
gl T ooperties of fthe Foouable lazwdiationt

simtoow o the ¥Eoinsuistion under condilon: of wolue-
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£0 sltuTsace test lep.d TC othe devziopment of weier troes of Dow-tle

spd delia types,
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~ preger.2e of scoisture in the PE insulation does not influence the
“ipe U0 breaxdown uncer used conditions of volbage endursnce test, whee
r=as i1 couses & great decrease of the short-time strength.

- ronductivity and lose fastor of the wetted PE igguiation are gren—
T2r thar iz the Jdiy insulstios, the resigtivity measuremenie can be &
#6004 lzdicavor of the guality of PE imnsulation in service,

- .uatset w1t water comprises a real derger for the TE insuwlation
taooiity «ad Lox case of water action wpan ubﬁ cable insulation accol.-

ding t~ the Jirepction of the elsety’c L7el +a even MO Jangeroufi.-
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