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1, Introduction . =

Over the last ten years polymeric materfals got well-sstablished as
most suiteble for HY outdoor insulation. | B
This is becsuse of many advéntageous pmpertiea of pol;mer:l.c ma.terials
aa compared to the eonventioml oneg like slau snd purcela:l.n But,first
of all, what speaks } in fgvaur af the former is the poasibmty of using

an advanced, hi.gb.'l.y effactive,. tnﬂ automatad production engineering.

Alongmide with the gmh:g range of their applieahility the methoda
of evaluetion and the optimum parameters selection are beling dsv:laed

Wnat limite thelr applicablility is egeing problems which in outdoor
epplications invariably lesd to the‘deterioﬁtioh of murface insulating
and. thereby od.’ tha whola product, ]

B Eho firet step taken towardas selec‘t:tng proper po],yneric mteriala wae
the i.ntrod:not:lon of the rnethoﬁs teatihg thelr h‘ack:l.ng regiptance, This
was aimed at eliminating bad materials which, -hnn exposed %o electric
and enviropmental hazards (wet pollution layeru), have a8 tcndanqr of
foming carbonized conducting paths., = : :

These methods coabined a multanam aetm or putlmhr alqetroly-
¢io’ solutions with voltage in thie way tuting the adverse effectn thc
two fectore ebove hed on the polymeric material,

is a rom].j; the following methods were devieed:

- "drep" test in accordsnce with IEC 412 [1] [z] recommendations with
which it is poseible to detemine and eort out only those matrials which
are most susceptible to tracking (_e.g,. phenol materiasls)end HV methods.
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~ dust and Tog test in accordance with ASTM D 2‘152—66,

- differential test in accordance with ASDd D 2302-69,

- inclined plane test in accordapce with ASTM D 2303-68,

Prom 4the metods listed ebove only the last one {inclined plane test)
won the internationsl recognition and was formally recommended by IEC
ser-198¢ [3], [4].

Promiaing as all these methods were they did not yield, however, a sa-
tisfactory correlation between experimental resulis and the actual beha-
viour of the polymeric materisla exposed to sever ambient conditiops. -

The main reason for this was that, in prineiple, the sald tesis were
of short-duration and immediate character and the hazards and stresses
used were many times more intensive than those nnml_‘l;r obgserved under
natursl conditions snd thie, in tum, means that the mechaniam of failure
wae not the sams as that in ragular servica conditions.

Therefore, while not denying the necessity and upefulness of testing
the tracking resistance cf the materials, treating it ae a preliminary
selectlon during which those unsuitable matsrials can be eliminated, 1t
wes found necessary {0 complete this selection with ageing tests,

A measurs of the service lite of HY ingulating elemsnt wornn.g under
natural anvironmernt al conditlons is its long term electiric strength.

This strength can be comparebly messured on unified material samples
thus obtaining 11fs curves for particular materials [5]. Is hes besn found
that a wery aignificant factor deteraining the life of an ingulating els=
ment is surfacé eromlion, i.e,, an irreveraible damage of t;:.- surface can~
sed by sxternal environmental effects [5]-

Burfece srosion, which at itms sarly stage is uniforaly distributed,
is a primary effect followed by aacondarj effects such as: -depoait.tng of
dirt, moisture absorption, nmn uniform field distribution, leakage current
and loce) partial discharges (FD) which can gradually develop to produce
full flaghover, | |

It is therefore of primary importence that a method for testing a long
term behaviour of insulating materials expossd 10 severe sabient coadi-
tions should explicitly evaluate ihe surface erosion am ‘téhis very factor
which determines the rate of further changes leading %o the failure of an
insulating materisl,

The best method for avaluating the resistance to gurface erosion is
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ageing the sample seterials by exposing them to UV radiatiocn and artifi-
¢ial rain or aprqying with conducting fog since these th.ree factors uni-
fom]y affeot the -hole surface of an element. '

Another significant factor damaging snd eroding the gurface of an ele-
ment are paml dd.nchargcs. However, their action is of a rsther local
cheracter sad they do not affect the whole of the surface.

®he estimation of the surface srosion in the process of ageing can be
mede by means of electrical or phyeical methods.

The idea behind much an estimation is to find and possibly to apply
means ‘to improve the resistence thus extending the life of the insulation
and incresss its reliability,

2, Experiments

2,1, Materials

Two types of epoxy coaposites and a silicone rubdber were teated: Ki -
disne resin Epidian 5 (liguid curing agent BT™MG) lstent accelerating agent

(filler: quartz flour), E2 = cycloaliphatic resin Araldit CYf 184 (Cibaw-

Gelgy)
- curing agent - HT 907(cibe-Ge:lgy)

- accelersting agent - IF 067(01ha-Geigy)

- filler — guarts flour.
K3 o ailicone rubbex (Bhone-Poulanc)RTV 530 A

Samples for UV radiation test were cylinders 20 mm in dlemeter and 220
mm 1ong wille those for condicting fog and voltage test ‘were the same with
the exception that the cylinder was only 70 mm long.

2.2 Tegting procedure

2,2,1, Plotting 1ifs curves for different insulating materials uader
adverse amblent conditiong (corducting fog)

The deternination of the life curves of ithe meterials studied aa a
function of the flsshover vollage in conducting fog was carried out in
600 x 800 x 600 mm fog chamber, Due to limited dimensions of the chamber
ths cylinder-like teat pleces of J = 50 mm length of a test plece bet-
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waen the elec‘troﬂee were used,

The elestrodes wers aluminium girips 10 mm wide and 0,05 mm- thick,The
environmental hazards were stimulataﬂ by the condncting tog_ Gf the follow
wirne parameterst T T

conductivity = J = 800 uf em 1, _

precipitation = O = 10 = 15 ng/cmoh,

Ttabilized voltage from TP 60 60/10 k¥ A iranaformer was npplied 4o
the tegt pliecep, Time to flashover was masured for differant eloctrical
hazarde: 2,5—22-20-—161:?/01. _

The tests were executed in 24 hrs cyclas:.

7 nrs - exposure to electrical hazards in conducting fog,

17 nrg - conditioning of test pleces in environmental conditions.

Time to flashover was related only to the time when the test pieces
were exposed to electrical hasards in conducting fog,

2,242, Cyelic ageing

For testing tha repiatsnce againwt sur!nee m:im, qﬂic age:l.ng of
cylinder test pleces wae used. _ ’
The apeing cycle compriged:
S nrgs of exposure to pali fog (salt consentration s = 5% ¥aCl, preci-
pitation 0 = 0,53 mm(h), ‘ ‘
18 hra of UV mdiaticm (masn :.ntena:l.ty: 4,9 ng of decanpansd o:mlj.c
acid per m’. b at t § 60°0),

1 br for reconditioning under nommal conditions {20 : 500, &5 :'5% re=
lative humidity).

2.2.3. Procedures for estimating the degre'e of surface
surface erosion '

and

242.%.1s Electrical mathods

A non destructive measurement of the criticsl voltege Uk, as the mea-
sure of the degree of ageing of the teet piece examined wps assumed, i.e,
such maximum yoltage at which the leakage current on the test piecs does
not exceed the sgreed limiting value of 100 mA under copditions of a de-
fined condutting fog end defined Test ayetem,
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Parameters of salt fog: selt concentration S = 5% HaCl in water,
precipitation o = 0,53 mm/h

Data of the teat gy stem: I = 1A for U 2= 16 k¥

The procedure of detemining Uk conniata oft

- full moistening of the test piece in the fog chamber (5 min),

- applying ithe test voltage and holding 1t for 10 mia while recording
all surface discharges over 40 mA. ‘

The tept voltage is gradually increased in 0,5 kV stapa and held for
10 min until current pulses exceaeding. 100 mi- occur.,

The teat voltage-ot a lower degree at which the conventional value of
100 mA has not been exceeded yet is aggumed to be the value of Uk‘

The procedure described above served to detemmine U both on prime
test pieces and during the c;cl:lc sgeling,

2,2,342, Physical met od

a)ﬂeasurihg I]ILE;.B‘B loss

in ordef to quaniitatively measure thie magnitude of erosion, the mass
loss were determined by weighing the iest pieces at different stages of
ageing process on an electronic balanes With the welghing range of up to
1200 g end the accuracy of reading 0,01 g Mettler PT 120,

| The first measurement wes made on washed and dried test pleces. Furt-
hermore haasurenents, taken cduring the ageing procese, were made without
washing the test pieces immedistedly after the 18 hrs UV irradiation,

b) Keaguring the contact apgle

Prom smong many existing methods of meam.iriné the extreme contact azn-
gle an intermedinte one was chosen [7} where, by mesns of m microscopic
cirecuit, the height (h) and diameter (d) of & drop were measured.

The contact angle is given by: ' .

o 2 |
te > 3 . .

The above relation holds only for suall drops which diameter is not
greater than 2 mm, ‘

The mesguring iiguid was distilled weter. The drops were placed on
the surface 'bas-te_d with the help of p @icro.ipgtte.
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The megsurement was perfcrmed on cylinder test pleces along the zene-
reting line most exposed to UV radiation. Ia crder to check the effect
of the shape of a test plece on the regsults of angle ® meacurements,tesat
neasurements were performed on flat cylindrical pieces made of the same
materiala and not subject to sgeing. The differences in the values cof an-
gle & due to the shape of pieces were within the scatter of results.Priar
to each measuremert, the place where the measurement was 10 be made was
washed with clean acetone usiftg filter paper in order to remove impuri-
ties, 10 peasurementg were made for each test piece in more or less equal
tine irntervals,

243, Measurement results

The measurement resulta of life curves Tor Filachover voltage o mate-
riale ¥} and X2 are‘plotted in Fig, 1. Flg 2 presents the measurement re-
sults of the critical voltage Uk for K1, K2 and K3 materisls during their
laboretory cyclic ageing., Fig 3 gives the measured- values of Uk for the
basic epoxycomposite, K1 and for its modificatioms K10 and K11, Pigs 4
and 5 prepent -the meagured mess losees of the test pieces examined. The

zeasurenents of angle € during cyclic ageing for the same test pleces are
pl‘eaen%d in ?18. 6.
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Fig.1,Life curves in the funetion of z]:.as:'zovez? v0ltage under conducting
moigt conditions for X' end K2, probability iz p = €3§
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Fig.3. Critiocal voltege U, in cyclic ageing of modificationa of X1
compogite _

The life curves preaented in Fig,i diatim“m&hr‘pnmeric
pzterizls well and permit the determination of their service life under
high molcture conditions. The measurements are relatively tims consuming
and do not sllow For all significant envircnmental factors affecting the
cutdoor insulstilor (e.g. UV rediation}, Besides, a marked scatter of re-

gults carn be noticed which leads to unreliable estimationes concerning
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the life of an insulating element, The method of cyclic agei.ng permits a
gore detailsd observation of ithe process of surface ageing and of e¢rosion
dtnlomt.

The naasurﬂd values of the cr:lt:l.oal voltage Uy charagterize the sur-
face elactro— insulating properties of the materials studied, The values
of U tor particular polymeric materials decrease during ageing until
they utabililo at a oertain level differing from material to material,
Thtrefm, the evaluation of materials bassd on U, values is equivalent
t0 that based on life curves. :

The method of m-ur.tng thes value of U clearly. diatinguiahes the sur-
faos electro-insulating properiies in mtarials of different ohnnioal
composition as it 1s the case with X1, K2 and X3,

However, in the muntmn.m-mctmmn only
slight differsnces in some componenis ocour, thi.uthodm:tohonot
sensitive encugh and the diff.mcu oan. bardly be obpsrved (G! Fige3)s
The assgurement results of mass losses shoen in P:Lgn. 4 and 5 :Llluamte
the sagnitude of surfage erosion, -

The ourfaoce eresion is clearly different for each of the nhom three
types of pc]wneric paterials X1, K3 -and K2, The rate of erosion depends
on the structure of the polymer,
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whmtxyinghuﬁh‘hmﬁfimtimd the -hu'igimlu‘haﬁal. In
such cases the eltctric mtbnd is not senwitive enpugh,  is Yoo time con~
suing, and not n:y selectiva, On the othexr hand, a fast edvancing erow
sion cetegorises particular compozites already at the first stage of
ageing (up to 50 qyeles) swe Fig.5). All three camposites, K1, X10 and
11, are tased on w liguid disne Tesin Bpisian 5, Composites K10, K11
which are the modifications of K1 show smaller surface erosion than the
bagic composite K1, Ordering of composites according to the measurements
of masa lomses (Am) corresponds to their leng term strength (r:q;.s).

The mmenent of meass losses is, in the case of composites “of simi-

lar chemical composition, more selective and very usefull when designing
new and betber materials.

The measurement resﬁlts of thu contect angle 4 show, at the »ea.rlgr' Bha
ge of ageing, & relatively mmall scatter (< 10K), Ap the ageing proceeds,
the scatter of results grows for worpe materials (e.g.K1) even up to 20K,

Together with ageing of epoxy materlals containigg guartz filler (K1,
X2} their gurface gets more rough due to cuteropping of gquerts graing
{the a0 called "chelking"). At some point this pheromenon renders the ma-
asurement of mugle € impossible - water drops mpreesd Over, A% the inittal
stage of ageing, when the surface ‘eroslon is evenly distributed, the ghas
ges in ancle & correlate weil with the results of U, neasuremente. Tha

observed Grop in the critical voltege, Uk" ip alwe¥e accompanied by she

izcrease angle & which is equivalent to worsening of surface water repeis
ient properties,

A% & certain stage of ageing (after ad, 35 cycles m net of =icrow

cracks wes observed on the curfaces of silicone rubb@ K3, The cracks dee
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veloped as the ageing went on, This phenomenon requixga explanation,f.e,
the question ie to be answered whether it would occur in the case of test
pieces nade only of K3,

4. Conclusions
M

1. The evaluation of pelymeric materiamle based on the agein, charac-

teristic of Uk ig convergent with that based on life curves for flashover

voltage in s conducting fog.

2. Inere ie no direct relation between the susceptibility tc surface
erosion and surface elect—o-insulting properties of the material, Howe-
ver, an increased susceptibility to erosion can limit the life of the
material and its applicability in perticular constructions. -

3. Resistance %o ercsion is more =ffective and selective in discrimi-
natirg betwesn composites of the same chemical atructure than the time
consuming electric . shods,

4, At the early stage of ageing, at the uniform distribution of sur-
face eroston. there is a good correlation between values of U and @,
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