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: 1'! Introduction

50l1d synthetic polywere, when -axpoved o high eleGtric T1eld whees
ses show irreversible and accusulative changes of degradation which lead
to0 ultimate breakdown, '

The major mechaniems u:L' degradatmn are dus to partial dd.schargea(i’n)
and to slectrical treeing (ET) however, in both, the ionisation phenome-
ha play the dﬁu.inant role in development of the failure process.

Dus to great improvement of technoliogy a specific deadlock on the
£1eld of testing of diffsrent dielectrics from the point of view of their
resistance to PD can be recently observed, At the mame time, the experi-
mental data regarding comparative studies of, either the rate of degrada-
$ion or resistance to degradation, resain controversial and show lack of
practical interpretation, The further attempts towsrds evaluation of the
method of testing of the resistance sgainst different ‘degradation proces-
ses are still substential,

2e SGOE

The existing expérienve Trom Zing Vewvs-indivstes that the wost ade-
guate methods for studies of effects of degradation of differsnt mate-
rialg by PD are thope, relatad to ahtiﬂﬁﬁl, accelersted breakdown
test in different model arrangements. So far, very differsnt typea of ar-
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rangenents have been used for such studies,

Thers are muserous sxsmples of voltage m caxrisd out in open-type
alectrnde-mple arrangements with gns&al.l gtpa betwesn dislsctric - a1-
slectric or metal - dielectric tltntl:ﬂdlt howéver, lifa teste have been
done in the bpen errangements with surfsce type discharges [1,2,3].

During studies Of the author some arrengemsnts with intsrnal type FD
were mainly edopted, Their choice was asaociatad with particular type of
80 called “dogredstion source® in the real insulstion, which means macro-
scoplc or miaroscopie (n:ot atructml) inho-ogenity o :tault exigting in
inmalation due to design, tsdmolog or mervice. cmd.itinnn.

The "clapsical” urrmgmantn with internal PD are uith s void, either
embeded in the volume of dielectris or mdjacant $0 a metal electrode(VA).
In tiis paper ‘hhe_rprrul-’iun o modelling and teating of dn_gx‘ada‘tibn by
means of artificial arrangéments havs been extended thus, slit arrange-
ments {34) with discharges betwesn two. die].octr:lc mm, as well as ne-

sdle arrangements (N4) with d.'ueh-ngu dsveloping tl:u-:l.m channale are
alse conaidered,

The faults in dielectric materials Gan De epecific for different ty-
pon of ingulating grstul and, therorcn, two uapui.h pnr‘hs DI preblems
should be derived contrihr.;tt.ng to degmﬁntian of dielectrica in: a)eait,
extruded, crosalinked, moulded, injection moulded insulations, B)lamine-
ted, impregnated, composite insulations. ‘ -

Intlupe.pu-uhthebulkw“turhlnmdforn) typoindouri.p—
suletions are taken into account. .

‘It .can be briefiy reported after the wmor BoA® hhm:l.hblo
that the most often identifiad faults are dus to technology of proctnj.:g
sither Of a materiel 1teslf or of insuleting wetem’ {3,5.&.7]

mmmmmnmn-mmnnm

- gassous volids {ngnhr bubblen; spheres, a-i-nphnm also mch)
laslde oF the materdal or in o contact with elevtrodes, .

- gassous slits {narrow, ‘widely wpread) between dielectric surfaces
or sdjacent to a metal parts,
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= conteninations (conductive and nm-emductiu s6114 pasvieles).

!hc size of - :auceptable :hporractinns un bs drut&.uly reduced by the
Mpmmnt nt teuhnulogy thus, a size of. gmm ‘volds can be of aingle
’m, tens . u'.t ;-. pometimen hmmdredn of ym, and a sige of cmminationn
Trom singls ym up to tens of o [5,6,7,8]. Presence of gasecus slits was
smti.nee uentiﬁsd m :lmlations after their procut:l.ng or mounting
and alsd during the service [4,7,9]

Many other mda of allowable hemologtn:l defectas have heen mentio-
ned in eome . r-rmnm like: meks. chipe, blisters, pumples, pits, pin-
holu, apots, ete, Hmﬂr, there are slso some I:taults appearing due
long-term physical processes in insulation whichk lead to crack {epoxy}or
void (pelyethylens) formation [9,10]. Such feults can act as degradation
sources as well,

4., Bode of tion

Different Taults either in extruded or cast Immulations represent, in
fact, diffarent dsmsging effects. Thus, no eingle mechanisa can describe
the prouil of destruction of Mtlon._ Sinilerily, no single model
srrangemsct cen reflect all possible rieks of degradation resulting from
PD.: o ' -

. Experimental work done by soae researchers showsd that during aging
tests with vartous dielectrios in different model arrangements, the do-
sinant degrsdation mechanissa (PD and ET) san display themselves toget-
her in s complex way- [‘I‘I »13,16} being generated either o the boundary
or inside of the eolid phno m: imuaate- that nlso the methods of
testing of resistance againet dasradat:lm should b. related t0: a) sur~

tace, b) volume respand of the dislactric when afr-cﬂd by discharges [14]

In the studies of the suthor three differant tpes of lodtl arrange=-
ments were propnnod to be uned tor tut:.ng of reaistance of dielectric
materisle mmt dlgrmlation by D mpnmting the above mentioned
-a:l..n dagnhﬁm -ourm- in .tnnulation. sinilinrity of both: real and
srti.ﬂ.nh]. w-m dm ‘not mu-nru:r mpean their gecnetr:l.oal corres-
pondmea but rather nimulat- some common physical features in the mecha-
niem of fallure f.d. o: type of degradation.
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(a)s Vnmunw{u} uiznuiates the souros of. mhml, Ronax¥in-
gmmrnamxamummamwmwmmmu-
emummmﬂmm hbphee.lll Mﬁlﬁw
simpmﬁamﬂmwldnmmuwﬂ
particular sities of w void takes place. Pre- broakdown tree-1lke chen-
nslsdeﬁlmmeonhnfthreumdmtomm-
um;tubra&amumtmtumlmm(u)mtom
tion by PP is the ehannel, leading o final breakdown [5.6].

(0)s Fiit arrengement (3A) M‘hutmﬂumdpnmﬂit.
lnternal FD are initiated in ‘the wm-ndﬂnnwmto slit forming
surface type discharges resulting in nﬂmﬁ:um—lm dmeﬂation Armces
over both parts of sample. They develop due tuhighpotnthlatm tree
tip maintained by discharges in a chanmwl and {ar) by ths electrioal cope
ductanos of chanmel. The fing) breakdown path across the dislectric is
the extension of oms of pre-breskdown channels [17,13]

{¢). Needls arrengement (¥A) represent pn.rticuhr iype of degradation
initiated by field anhanoed emiseion of electrons amnd {or) electran bom-
bardment, reeulting 14 creation and enlargement of microvoid or micro-
crack, When the gaseous phase is large -emough (> pm) PD occurs deve-
loping tree Iike breskdown chennely until final failure [19,20]. Regar-
ding o particular type of insulation differsnt sets of model arrangsaent
were proposed [14,21, 22]s -

- for testing of resins Vi (or SA.) and NA,

- for testing of polyethylene SA and KA.

.%he cholos of models was not quite o.rh:ltﬂ.‘r; as ‘the analysis Of Yai-
lures either in epoxy or pol:atmlm myetems :Ius‘tﬂ‘ill such selection,
Emm, it osn be said, that the presence of ell faulis in a real insu-
lating lntlu sisulated by thres abowe arrasgemsnts is uclikely with’ ade
vaticed, of high level tachnology.

In the all amﬁuta adopted the attention has to be paid to the
assesment of the model "purity® and reproduaibility, Sewersl paraseters
bave o ds regarded in the scdel, as! geometrioal m:nam (elaétrodq’-
npaclng, w:ld-‘gdnntr;, siit geometry ‘rail:hl.l of curvature of nlco'l:rodos};

gag=dlelectric and metal-dielectric doundary state (eurrace rcvnghness of
volds and glit, contact of the dielectric ané slectrode); resldual mecha-
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nical. stresses, Prepayation ot both p-ﬂ- of ‘& ndna dielectrio sampls
and ‘slectrode, should .1..;: introfuce & aunmnod nhﬂaeﬂﬂng pro-
eou, su:l.tahlt nnthoﬂl ot lmtm ual mmu nt loloct:l.on ot rau.la

me tomrcmthu, samnm-m- thn problensod!
their wﬁu ‘ghould be' ‘considered upmhly. They wers reported
slsewhere by the mithor {23,24]. Another important problea emerges frow
the npro&adhiliv “of the structurs of samples and their mn:.uri’q to
'mammdmmzmmm LT e
| It is understood-that the smme,- controlisd hohmlagical process has
4o be appl:l.!d to m. the same norphnl.og bowaver, sither during cag=
ting of ruhu o ixﬁnu:lon or uuld.ing of polyathylene many factors ex-
1ata to make the eo:ihrol aiffieult, It may resuylts is modification of
morphology of spparéntly identical seaples [25,26,27]. The problem of
lorphology of tho ‘safiplé Tor reeistance-sgainst - degradation tests bave
not been solved yot hmnr, some atiempia are being made towards defi-
nition of polyethylsne sample [28].

'hen th! renlstanee ‘to the ulthata tﬂ'oct ol Etgradation by TD ougms
o be mlmted thn mmu'elcntl of t:l.lc to hreakdwn or deﬁ.n.iad sampla
_ Por nﬂmﬂm bruk‘cm tutn gmtitatin rumlta are nainly regui-
red thus, mum ﬁompuqmte-tprﬂcuuﬂud to 1igit
+the nt-hcr af *P‘W;; hste&. ‘
-mn-:_.c'-m- mm of pample size for Mtj.n.s of resistan-
e to hrnhﬁmi!ne;%oj degrafation except of some reccomendations given
for testing mmt B'.! and surface uams [3.29]
l‘hu, uwmn, tbamphnumhe ro&uudmdth-minun
pumber of n= 10 has been’ often accepted [29, 50] for tuts.ng of . dlrferent
nﬁﬂah, thur ﬁ.llar-, aﬂditin- .te. Eannr, in order to provide a
ltat!.lt!.anl nmdl to the toa'r- nulta and also statistical eriteria of
tsath; thl —tpk -:Lneahcmidh 1arg¢ uoughami, mnrmsmat
(ulﬂtmlpluhn to hnmfncmdrar wyery - togt.
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Acmwmmmﬂsmmmmum&hmmd
repeaiable m;phuotnﬂﬂnﬂmhmkmmuﬂimn [25,
24). On the other hand, reduction of sample sise causes lsck of certaie
uwummuwmamhhwmmmq.
umhmmmﬂmwtﬁnmwtummdmm
way alwaye used for’ Mmtmmthﬂ regults were 'f-_!ri.ﬁ.ed with
m25 or w30 [14,22,31]. '

" Ope of the most 4iffieult decisgions whioh have o bo made 1o esta-
viish the test conditions is the most informative elsctrical stressing.
It must be not too low to initiate a degTadation process and its .
#ffects in reaponsble period of time and,at the same time, not too high
to avoid ths change of mechenism of dogradation, as the life curves of
various systess (sleo artificial arrangessuts) cen changs their alope
with rising of the stress [32]. The acoslsrated test conditions accept,

bowever, the test stress levels which are above the working stresses.

Thers is also accepted for copparstiive laborgto_:y voliage 1ife teats
that a test stressing should be determined experimentslly to provide
resonabdle duraticn of tast [29]. With particalar type of the nodel adop~
ted sach etressing can be changad either by the test voliage lml at:
constant dielectric thickness or by elecirode seperation distance at
eonetant voltage.

In VA the test voltage from 20 k¥ 10 40 kV and dielectric thickaess
from 2 m to 5 ma reported in different references [15,16,32], give the
ptress variations possible from single k¥/mm up to sbout 20 kV/mm. The
seme conditiobs can be created in SA though, according to the author, lo-
wering of the dielectric thicknees down to 2 mm in VA and to | mm in SA
with the test woltage of 20 kV to 25 k¥ does not aignificantly change the
character of degradauon_ﬂf these qystﬁu in compsrison with conditions
exioting for working stresoes provldi.ng, at the ‘sume time, tolersble long
tise of tasting | 31,42,

In BA dimensions of semple were once uaified eithsr for single or dou-
ble peedle (or IPINGS) systems [29,34]. :

With the critical voliage of about 20 kV posaible %o \la appiled to
puch pample and the recommended distance between eloetm{ha from 2 to 6
mn, the svernge stremses (mccruee the gap) are from about 3 kV/mm up to
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10 xV/am however, the fleld ennancement factor {(i,e. the effectlve vol-
tage atress) due to tip raedius Of needle electrode is responsible for
the .vate of degradation, . _

Beacently, OGURA - cope~-gnapesd needles witﬁ tip radii of simple ux were
widely accepted for neodle tests, Same of results reported [30] showed
that for comparative testa of resiatance to electrical breakdown by ET
reduced values of dielectric thickness (around 2 mm) can be assumed.Such
conditions enable shortening of time of testing up to few - several hours
and it was alsc confirmed by the experimenta of the author [1 4, 22,31] .
Such reduction of duration of testing 1s always required in particular,
in simplified laboratory testis. Some of requirements say that the test
eonditione should emable %o obtaln the resulte within 24 hours, This ap-
plies to divergent field wvoliage life tests of polyethylene materials
with the reduced sample size nai0 i.e. according to [29].

Por breakdown of eporidas much longer time 1is ususlly reguired., In V4
and SA there is often imposaible to provide the stress conditions which
ensble such limitation of duration of the test [16,31,33]. As it was re-
‘ported earlier a high degree of responsibility and purity of samples per-
mita the execution of shortaned (out-down) tests in which only limited
mmber of semples (i.e, 1=T with n=30) have to be broken down [14,22],

S, Presentation of test resulis.

Although normal of Weibull statistics have besn mainly accepted to
produce breakdown tests results and to provide statietical criteria of
tenting, in.wdae recosmended sources more simplified method has been used
10 express the resistence to electrical breakiown as the time reguired
for 508 of specimens to fail (i.‘_.,o}. Such appreoach le accepted in the di-
vergent field voltege. l1ife teste [29], However, in order to formulate a
more nnimrn_l‘sp-'pmch'-hcn different model arrangements are used the
repulte of all teets should be presented gimiliarily, with respect to the
statistical rules. The t;, criterion enables a grest deal of eimplifica-
tion but, should rether not be uged rfor presentstiong of all: Vi, 5A and
WA test repults se, at the present stage, the general concept atill re-
quires wider verification and acceptance. Thus, the Reibull distribution
can bs used to enable gtatistical and physice. interpretation [35,36).
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Ths remilts tan Ye given graghioslly. (squazes method) or aa-pated {maxts.
Hom m;l;rhnod sethod, M entimation method) and ue-h paramoters t63
{full-pize test) or %50 {out-down test) with censored mumber. of samples
cali ba evalusted to aipress the resistance ¢f various u‘bemh t¢ eleo=
trical breakdown by 4ifferent degradation processen.

mmmlhofhsudmw&emﬁwmmmwﬂnubmpmpo-
sed agthod were presentad elaewhere, They almed at qunutnﬂn scoaparison
of different types of EF, T4, LIPR, XIPE materials and -the influenos of
filters, antioxidants, sdditives stc. 14,21 »22,2%,24,31,41,42].

Lp Concluaiopns,

Inthnpaparlmod?pmm:nfhlmofnsic’hamofomnioib-
lids to breakdown nmlt:l.ng from different type- of PD wers cutlined,

The resistance to FD was expressed by the characteristic puultm of
¥ellbull distributioms of results obiained during accelerated tests with
continiously applied voltage to the differsnt, repsatable sad palsated
modsl arrsngements with o called "degradstion sources". The test results
showed that the models adopted can solect different materials gualitati-
vely howaver, the sequence of thl characteristic time %o breakdown *I:E3 or
t,o tan be different for differsnt arrangemsuts [14,22,41].

I+ indiostes clearly thaet the materisls can resect in different manner
%0 various types of PD thus, such procedurs of testing cen revesl the di-
fferenoe in intrinaic and surfsee property (both morphologieal) of the
#olid media, C

Many sources stated that surface and volume atructure of eemicrystalli-
fe organic solids cap differ greatly and im fact, mo Wmh—
gloal state ever wiigts ia meulded piece of polyethylens meterial as smor-
phmphuinmﬁmhyﬂhamt. changing to mOYe mm:u.n-
eontents versus digtance towards depth of the moulded piecs [:n]

Als0 the etate of each cest profils of many resine reveal two-phase
aEzlomsrate structure with osrtain number, sive and distribution of agglo-
merates having diffevent mclecular weight with cross-linisd density and
being a function of dfstence from the swface of individusl sast [38]

A8 the repistance to degradation by FD can 3iffer in VA, Sk and NA ar-
rangeaents used, the meaningfulness of the results has to be carefully
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regardesd and relsted to the. noat demaging or thé most freguent effects
in the real insulation ia uapect ‘o ite technology and nerviee condi~
tione. ' -

Theye is obvious thnt ‘m' cmlnstion of the 1ong time behaviour of
ayn.thctic ‘80lids et the presence of FD can be done not only according to
breskdonn tesis st. constant voltage level. An appfpach based on meesure-
ments of the residual strength of voltage pre-stressed samples in VA was
ones proposesd {39] It reduced scatter ‘of results a.nd ‘demcnstrated a si-
gnificant Tedustion of eleetrical strength by PD, '

Concerning N (single or dou‘ble) some other ({also standarized) eon-
cepts of ohanctqristia voltage tests revealing fraction of specimens
showihg initiated treeing, of divergent-field voltage tests, as well ap
of treeing resigtance tests u:ider-stepwise increased, stress (tree in-
‘ception test) were also accepted [40]. Another method of breakdown test
with already initiated tress after stepwise treatment was used by the
author [41]. Almo other methods were spplied in the past.

As it was nentionad eariier only needle arrangenents were widely
accepted for the standarized testing of the resistance to ireeing howe-
ver, they do not simulate the all possible effects of existence of diffe-
rent feultas, Their only use can be fully objective when very small imper-
fections of gingle ym in sise are only present in insulation. With an
average level of technology thies can not be justified.

Thers are some other data indicating that the evaluation of demsging
effects of PD either on the surface or inside of dielectric by epplica-
tion of different methods (e.g.microscopic, mess spectrometry, IR photo-
metry, I-analysis. T3C, and others) can, to some extend, predict the De-
haviour of dielectrics exposed to FD thus, their ability to withetand
such demsging effects as: surface ervsion, void or cracks formation,pré-
breakdown channel develcpaent.

The usefullneas of such methods heve been recently extensively exemi-

ned by many researchers [43].
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