PARTIAL DISCHARGKS T¥ NATUMAL
FASEOUS VOIDS IN KPOXY INSULATION

1, Introduc

The paper presents resilte o ioveutigstions of partial discharges
{p.d.)invensity in ephericzl gaseous voids in epoxy insulation - in
volds formed in the process of casting,

Progress in the process engineering of mung and impregnation of
insulsating systems with application of apoxy resis manifests itself,
amnong others, in decresass of guantity and dimenaions of gaseous voids,

Described investigaticns are contisuation of the earlier investiga-
tions mads by the suthor [1] using samples of epoxy insulation contai-
ning natural spherical voids with the diaseter larger than | mm, At pre-
sent otage epoxy resin sanples with patural volde which diametors are
soiiler than 1 m» were being investigated., . :

Botimation of relation between p.d. intenuity represented by a maxi-
mum apparent charge and a gassous void volume is the main aim of these
investigutiona, The practical izportance of regultes of such investiga-
tiong is connscted with wider and wider introducing of p, d. intensity
asagourensnts as the product tents, for instance of mesasuring transfore
mers {2,3]. The knowledge of p. 4. intensity dependence on gaseous volid
volume would give the chance of estimation of defect largenems in the
insulatian of ready-mads high voltage devices,

2, Gemples of epoxy insulation with pstursl voide

*

The upe of fillers is the substantial obstacle in testing of = realw
noug inmsulstion, for inatance ¢of messuring traonsformera, and mekes the
messurament of vold largeness impossible. Therefore it was determined to
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take for testing of cured spoxy resin pleces (Epidian 5, ?urins agent Z1)
with voide formed in natural way in casting and curing prooess.

For the purpose of obtaining voids as approximate to these whioh are
in the insulation of pructical insulating systems as possibls the mix~-
ture of the resin and curing agent was being poured in & polyethylens
container, then it mss subjectesd to partial degeuassing ik a vecuus chas-
ber, After curing the mirxture ssall plates with cae bubdble were being
cut out from it. Then these emall plates with gaseous voide wers being
ground to 1 mm thicknsss, Special attention was being paid to osntrsl
localization of the vrou. )

The qualification of thess plates with volds for testing was carried
over with the aid of & microscope with an elegironio oonverter which gi=-
ves possibility of digital resding of & vold diametsr. This way twanty
emall plates with epherical velds were ¢btained. Diaméters of the volds
ara froa 0,15 sa te 0,52 ma. Than twenty spoxy reain saxples wers made
each of them with the small plate inaide, Fig.1. presents the shape ot

the sample, The plats with the wnid is in a ocentral thin part of the
sasple,
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Fig.1. Cross-section of the sample with void

The samples were made socording to the process enginesring described
in [1]. The dimple by one side of the sample was obtained as a result of
specisl shaping of s mould bottom. The dimpls by the other side was mads
by turning, The specisl sttention was being paid to the surface of themss
dimples, They were carefully ground and then they were coversd with sil-
vear panpte, ? .r

During the msasursments the sample with electrodes was being put in
an insulating vessel filled with trensformer oil,
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+ Han of inve on

The investigations were carried out with the use of a system descri-
bed ia [‘l]. The high voltage c:.mif was reduced {a smaller coupling ce-
pacitor was spplied) and placed in a shielding chamber,

It was deterained to apply a stepped way of test voltage increase
(every minute by 1 k¥V) with 50% overvoltage at each next step begining.
An an initial voltage Uo it was declded t0 measure the least value of
tenting veltage Up .muai.ng partial discharges in each mine wave period
in the courss of ons minuie. ‘

Measurements of the maxisum spparent charge value 4, in course of a
sinute were depended on reading on an oscilloscops soreen every a faw
seoonds and on notation of sn amplitude of m'hiégest pulaes,and at last
on saleulation of their average walus, The siniisrity of investigation
Tesults %0 technical measursment results was the purpose of the averaging
Standards require of measursments of repeated partial discharges.

First seesurements of the initial voltage U and the maximum apparent

charge q-'(-t UP » Uo) were made for all semples. Then the q, value was
being memsured at voltage incresss (every ainute by 1 kV) to 30 kV.

As the latest msagsuremsats of a Q value in dependence oa time of par-
tial dipcharges sxiestence t were made at Hp = O and Up = 30 kV,

4, Besults of measurements and their analysis

4,1, Influsnce of void sise on Uo and g

The inception vcltage value Uo incressea ineignificently with the in-
crease of a void dismeter d (Pig.?). Distinctly greater U, values in com-
parisom with U  for voids made by drilling in sectional samples [1] fiad
the explanation in dependen +s of p.d. delay time on U and d [1,4].They
point %6 a substantial signiiicance of void surface defects griping els-
ctrons formed as & result of lonisetion from ocutaide sourcee or suto-io-
nisstion. )

The increases of the maximum apparent charge valus U with the insresse
of s void dismeter 4 18 more distinet (?ig.2). The increapse of d popiti-



254

vely icfluences on p.d. development conditions as the mlt of Ancrease
of & vold region in which en electric field intepsity is u large as Da—
cenpary for discharge appearsnce,
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Fig.2, Heeults of measurements of p.d, inception volta.ge U and maximum
apparent charge In ‘as a function of yoid dismster d

4.2 Influépca of tegt voliege value on g

The L' value inorenses diptinetly with the incresass of a Up amplitnude
(Pig.3), despite of a contrary effect ‘of an exposure time, At the sate
time aumber of diacharges increases in a Up half-period. Greater slope
of a voltege sinuscid in o region of an ignition of Tirst p.d. at a gre-
ater Up cen cause ac increase of an inception voltage and a q songaguen-
tly. Certain probability existe that the increase cof a Y for greater Hp
is caused, among others, bty an inorease of the capacily of reein layers
placed between a void and elsctrodes ae & result of a reain parmittivity

increase caused by charged particles penetration into dielectiric which
efects macroscopic polarization increame,

4.3. Ipfluence of p,d4., exposure time on 4

The p,d, exposure time importently influences on a Q value in a few
tens of minutes of the test {Fig,3). The L charge wvelue decreamses twios
on the aversge in Tirgt hour time and it does not change later, Limiting
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Fig.3. Besults of msurmntofp.d. maxrimum apparent chaxgeq as =
funotion of test 'm].tage U and exposure time t
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p.d, development factors appear with lapse of time. An increass of a void
wall conductance ia such a factor for sure [5]. A spacing heterogeneity
and a swTface charge density decreapes, It causes weakening of sireamer
p.d. connected with gliding discharges on the adventage of loss intensive
dischargee, for instence of Townsand discharges.

5, Estimetion of void volupe on base of g '

The received meagurement results of maximum apparent charge q  can be
af some use for establishment of a dependence between it and void volume
which has indentical or pearly identical dimensions in a parsllel mnd
perpendiculsr direction to electric field lines [1]. Teking adventage of
investigated dependence 9, = £{d), point 4,1, it wae presented on Pig.4
the dependance of 8, o8 veid volume V, : .

An analytical form of thia dependence bas a s!mple ghape: g, = a . v
where:  a = conctant dependent on accapted unit 9 and ¥ measure, for

considared case s = 45 pC/ma°,
b - ratio of q, = £{¥) wveriation, for considered csase b = 0,52,



258

g B

s - My
AN

gy - MO apporent chorge {ec)

-

Y Y] L
V- woid volume [wx?]

Pig.4. Dependence of p.d, maximum apparent cherge q, on vold volume ¥
This dependence refers to virgin voids in epoxy resin with 1 om samp-
je thickness only. Carrying out the lnvestigationa of thig dependence
for wide range of the change of gecmetrical end phaysical parsseters of
pamples with simultaneous establlabment of a neasuremsnt aomu.ti;nn ine
fluence would allow to utilise measuremsnt results of the apparent chars
ge Tor a quality estimate of insulation of practical irsulating aystems.

The messursments of the 9, woitld become also sn ilnseparable element of
investigations during the research of new insulating saterials and mors

porfect process enginesring of ineulating systsm profuction. Insulating

systess are the moat troublescas elements of high voltage deviosa during
the deaigning end production and during using as well as.
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