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INFLUENCE OF POLYMER INSULATING BARRIERS
ON THE AC BREAXDOWN BEHAVIOUR OF SMALL CIL GAPS

N ICLE B SN ) Y ISP, | R S e e - N e  E aLF T
1 abod b i)

Fathl M.H. Youssef
Dept. of Elect. Englneerlng
Faculty of Englneerlng
Mansoura Unlverslty
Mansoura, Egypt

f YT )

PSSV PR L B L T WD B 8 L R B B N s -
Falas abad ) nmtD e Apdeme pALSL] Yo b o) eady 3 A8 l)]
Cisnhadl Sond b Slnatd LY sas e BIGLadl pand pad)

Jlantud ) BaSUil sapdpud ) sfga G g iall B2Y2 1800l QoIS cha] po
ALY LSL ) ok peantaadl Bolay 2 paS Juaod GJadt Bole Ay S
193 L BaS oln) D e pandand! sl ) paosn LI Gk
v Ba st g e LT Jadd s ST Jlacad ) LS el S b ) A Jhad)
ovah ] aaylal) Aodle ety o0 dlga 1 po¥—i T b e ylaldl a5l
IV LI e e a8 Balg) AR A Jhe 353 3ol 9 a5 GOl S
e BIle L Boadmdd Joadt 3 Bolg 5wl Lee GOl g ST Gusd ) Aayila
L = e I L i e e B N L e L
Jeod Had ) Sl G ae S0 B0 3 3, S e Gl S a0aa
AWV [y W | IRy Y L

Syt B ol ) aoad OSLeY ) et Boab 2, Wepld Lol Vel Lhag
A hp A St Flo000 GUa 8 o8] G ) Jo bl ae 3800 Sl
B R L e I e L N N L LT e e R B
post OlSa o ln) Sy Sond) Buah smy Gial e eS8l Loglma e sl
Ol ety @l e apdasd! Sala b Gaoe (3 el 3atd )l Qlatiie o3 ol
O { PO VP BN T 76, ) B I W Y.

Abstract

The paper r«ports the LInfluence of some different,
currently used, polymer Insaulating barriers on the AC
vithstand voltage of small oll gaps. The experiments have
been conducted using barrier samples of bakelite (Bal,
polystyrene (P5) and polyvinyl chloride (PVC). The insulating
barrlers have been lnserted In small ofl gaps subjected to AC
hlgh veltage streas of weakly as well as, of wvery highly
dlvergent fielda. The improvement of the dlelectrlc strength
of oll gaps through the insertion of polymer barriers has
been found to be dependent on the kind of barrler material,
barrler placement in the gap, barrier dlmenslons as vell as,
on the degree of the {fleld homogeniousity of the gap.
Explanatlons of the different parameter effects are attempted
by rconsldering the different possible space charge
distrlbutlons as well as, the special features of the used
dlelectric polymers. The achleved results are, not only
laportant for barrler effect consideratlions, but also can be

helpful as a guide for the design of o0ll - solld composlte
dlelectrics.
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1. INTRODUCTION

A stressed surface of a solld lnsulater, lnserted ln an

oil lnsulatlion, 18 knovn to affect the AC - withatand voltage
remarkably, compared to that of a pure o0il gap. Generally,
the electric fleld 1ln the gap will be enhanced due to the
followlng reasons. Flrst, the surface roughness of the scolld
material [1], Second, the modlflcatlon of the electro -
hydrodynamlcal movement ln the oll caused by the solid, wvhich
In turn leads to vortexes and bubble generatlon at hlghly
stressed locations Iln the lnsulation [(21. Thlrd, the ralsed
stored energy 1ln the fleld caused by the presence of the
golld dlelectrlic [3).

Thls field enhancement explalns the reductlon 1In the
breakdown voltage, whlch can be caused through the exlstance
of tangentla to an oll insulatlon llke that of spacers |(1].
Howvever, lf the 3o0lld lnsulation l3s lnserted perpendlcular to
the electrlc fleld 1llnes In a fleld gap, the dlelectrlc
strength of the gap may be remarkably lncreased. 1In thls
case, the 30lld lnsulatlng materlal acts to control the space
charge 1n the fleld gap [4]1. Thls s0l1ld dlelectric screening
effect 1s known from the early work of Marx 1(5) and Roser
[6]. It la called the barrler effect.

Due to the great lmportance of these dlelectrlc =creens
In the hlgh voltage englneerlng, a 3erles of publlcatlons
have been lntroduced reporting the barrler effects 1In alr
gaps [4,7,8). The maln feature of these |Investigations |Is
studylng the barrler effects on the breakdown voltage.
Thereby, thln lnsulatlng paper barrlers have been used as a
model to find the gapace charge effect on the breakdown
characterlstlica., In such a case, the space charge
dlstrlbutlon ls slmple. Also, 1t 13 not lmposslble to measure
the apace charge dlstrlbutlon quantltatively [4].

Little attentlon has been palid to the effects of
insulatling barrlers on the breakdovwn voltage of oll gaps. The
few lnvestlgatlons regardlng thls sublect have merely used
paper and press-board Insulatlng barrlers (1,9,101}.

Regardlng the contlnuous lncreaslng lnterest In wuslng
polymer in3ulatlng wmaterlals ln Llgh voltage equlpments, It
appears to be of great Importance to Inveatlgate the
breakdown features of composlte polymer - olill dlelectrlcs,
Such lnvestlgatlons are of partlcular lnterest because of the
speclal propertles of the polymers, which are dJdlfferent of
those of paper or presa-board. Insulatlng polymers are of
good electrlcal as well as, of good mechanlcal propertles.
Moreover, some of them shov excellent charge storage
capabllitles and have recelved wlde appllcatlons such as
electrets [11].

The present work deals wlth the 1I1nfluence of some
different, currently used, polymer insulatlng barrler
materlals on the AC wlthatand voltage of small oll gaps. To
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thls extent, a slmple experlmental reallzation constructlon
has been used. The effects of both very high and weak
divergent electric field strengths, as those caused by
conductlng partlicles (121 and In usual operating condltlons
respectively, have been taken Into accounE.

2., EXPERIMENTAL TECHHIQUES

A 60 - kV, seml -~ automatic testling rig wlth BSS / 1IES
test veasel has been ueed to detarmine the dielectric
strength of the transformer Insulatlng oll. The used set has
a motorlsed variable transformer to ralse the wvoltage at a

rate of 2 kV / second. When breakdown occurs, the voltage |Is
held ln the meter until it is reset [12].

Copper sphere gap electrodes of 1.3 cm dlameter have
been used to produce the weakly dlvergent electrlc Eleld
stress ln an oil gap of 1 cm wldth. On the other hand, steel
needles having tlp radlus of 30 Um and shaft length of 3 cm
have been used to produce very hlgh dlvergent electrlc £fleld
stress vithln the oll gap. The electrode surfaces of both
sphere and needle gaps have been pollshed as smooth as
posslble before conductlng the tests. '

A polydlmethylslloxane sllicone lnsulating oll havling a
conductlvlity of about 10 Exp-14 mho/ m and a relatilve
permlttivity of about 12.8 were used ln the experlments. A
great care has been taken to keep same oll quallty durlng
each test. The o0ll was kept at a molsture content below 10
ppm and a gas content belov 2%, The small slze of the testlng
vessel enabled the replacement of the oll after each test.

Rectangular and clrcular 1lnsulatlng polymer plates have
been used as screenlng barrlers. The samples used were of
bakellte {(Ba), polystyrene (PS} and polyvlinyl chlorlde {PVC),
all samples were 1 mm thlck. The samples have been held by
means of a very thln clasp of wood to an adJjustment
preparation, whlch permltted a flne graduated settling over a
gcrev zplndle uslng a hand wheel.

The plotted mean breakdown values 1in all reported
results has been taken as the average of 50 Ilndependent
breakdown reallzatlons.

3. RESULTS AND DISCUSSION

Flg.l 1lllusrates the breakdown voltages versus the
posltlon of barrler for a sphere gap case of weakly dlvergent
electric fleld satress caused by the sphere electrodes
descrlbed before. The polymer barrlers of Ba, PS5 and PVC were
all of a rectangular shape having the dimenslons 5 cm X 8 cm.
Wlth a 1-mm barrler thlckness and a dlsplacement of 1l-mm In
the 1 - cm gap wvwldth, experlmental Ilnvestigatlions of 10
dlfferent barrler positlons could be reallzed. Thereby, for
all next follovlng flgqures, the posltlon of barriler Ils
deflned as the dlstance "a" from the left =surface of the
barrler to the left electrode tlp.
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From Fig. )1 !t can be seen that the polymer barrlers
strongly affects the breakdown voltage of the oll gap. In
general, a remarkable lncrease ln the dlelectrlic strength of
the oll gap has been achleved for all the three polymer
barrler types and for all barrler posltlons. However, the
Influence of the polymer barrlers varles from one materlal to
another. Thus, it Ls evident from Flg.l that the dlelectric
strength of the gap ls slightly hlgher 1n the PVC barrler
case than that ln the PS barrler one. On the other hand, the
dlelectrlc strength of the gap In the case of Ba barrlers |is
much lower than that of the PVC or PS5 barrler case.

The g8ame remarks can be noticed 11n Flg.2, which
lllustrates the breakdown voltages versus the posltlon of
barrler for a needle - needle gap of very hilgh dlvergent
electrlc fleld caused by the needles descrlbed before. Alsn
In thls case, PVC barrlers cause a hlgher enhancement to the
dlelectric strength of the oil gap than that caused by the PS
or Ba barrlers. Agaln, the barrlers of Ba materlal are of
much lower influence on the breakdown voltage of the oll gap
than that caused by PVYC or FS8 barrlers.

The enhancement of the oll gap dlelectric strength 1s
about 35% in the sphere-gap case and about 56% for the needie
- needle case, when PVC barrlers are used. The barrlers could
ralse the dlelectric strength of the gap subjected to very
high dlvergent electrlc flelds to achleve the values caused
by the barrlers ln the case of weakly dlvergent electrlc
flelds.

From flgures 1 and 2 it can be generally seen that, the
breakdown voltage of the gap sllghtly Increases by Increaslng
the dlstance between barrier and electrode. It reaches a
maxlmum value when the barrler 1s at the gap center. Thls
result ls ln accordance wlth that achleved lIn Ref. 1[8), for
the lnfluence of barrlers on the breakdown veltage 1In alr.
However, Lt should be noted that the barrler dlmenslons used
Eor achleving the results ln Flgs.l and 2 are large compared
with the oll gap width as well as, wlth the electrode
dimenslons. To have a preclse ldea about the barrler
Influence on the breakdown voltage, the barrler dimenslons
should be taken lnto conslderation. To thls extent, clrcular
polymer barrlers of different radil have been unsed to examine
the effects of barrier area on the breakdown voltage of oll
gaps for both cases of weakly dlvergent and very hilghly
dlvergent electric flelds.

Flg.3 and Flg.4 show the breakdovn voltage versus
barrler dlameter for the sphere gap and the needle -~ needle
gap respectlvely. In both cases PVC, P5 and Ba barrlers have
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been used., The barrler positlon was held fast at the center
of the gap. It ls obvious Erom flgures 3 and 4 that the PvC
barrlers are the best sultable screens regardlng the deslred
dlelectrlc Insulatlon strengthenlng of the gap, followed by
the PS5 barriers and the Ba barrlers, respectlvely. The
breakdown voltage Increases, in general, as the barrier
dlameter increases. The hlghst dlelectric strength for the
gap could be obtalned for a barrler dlameter !n the order of
half the gap length for all the Ilnvestlgated polymer
materials. Hlgher dlelectrlc strength could be achleved by
the barrlers in the case of the needie - needle gap than the
sphere gap case. Thls can be attrlbuted to the fact that, in
both cases the electrlc fleld wlil be homogenlzed through the
Space charge stored by the barrler. Thua, In thls case, the
greater breakdown path In the needle ~ needle arrangement
than that ln the sphere gap case leads to hlgher breakdown
voltages 1n the former one.

Flgurea 5 and 6 1l1lustrate also the breakdovn voltage
versus barrler dlameter for both cases, l.e. veakly dlivergent
and highly dlvergent electric flelds, but for barriers
contactlng one of the electrodes ( a = 0 ). The maln features
found in Flgs.3 and 4, for the case of barrier at the gap
center, are alsg valld for thls case, However, Ln the lattet

case, the achieved breakdown voltagea Iln the needle - needle
arrangement ls lower compared with that In the sphere gap
case ( contrary to the results achleved vhen the barrler 1is
placed at the center of the gap ). Thla dlaslmllarity between
the results Iln flgureas 5 and 6 and thelir correspondlng cases
in flgures 3 and 4 can be attrlbuted to the gspace-charge
dlstrlbution. For the case that the barrler 1s at the gap
center, space charge ls considered to be dlstrlibuted on the
barrier area and 1t acts as a plate electrode, similar to the
results descrlbed by Roser (6] for paper barrlers ln alr. 1In
thls case the barrler causes a fleld homogenlsity, whlich
leads to higher breakdown voltages in the needle - needle
electrode case as mentloned before, On the other hand, when
the barrler ls close to the electrode, Lt can be auggested
that the charges are concentrated on the small area of the
barrler whlch Ils In contact wlth the electrode. The fleld
conflguratlon 1s not 1largely changed 1n thls case. The
barrler acts only Lo lengthen the breakdown path. The
Influence of the flell dlvergity remalns nearly the same,
which consequently leads to low breakdown voltages 1Iln the
needle - needle arrangement compared with that of the
sphere-gap case.

The better Influence of PYC barrlers evident In all
test cases, can be attrlbuted to the fact that PVC hae the
hlgher arc reslstance 1n all the three lnvestlgated
materials. Moreover, under the action of an electrlic arc, PVC
abundantly envolves gaseous products of dJdecompositlon whlch
foster the extlinctlon of the arc. On the contrary, bakellte
1s of poor arc reslstance and has a tendency to track . Thus,
It zan be concluded that, the hlgher the arc reslstance of
polymer materlals ls the better the materlala for composalte
oll ~ s0lid dlelectrlcs.,
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4. CONCLUSIONS

The influence vE PVC, PS and bakellte polymer barrlers
on the breakdown behaviour of small oll qaps has been
investigated and discussed In this paper.

A notlcable lmprovement of the dlelectrlc strength of
oll gapa aubjected to weakly divergent and very hlghly
divergent electric £lelds may be observed for all the
mentloned polymer barrler materlals. However, PVC barrlers
have been found to be of much better Ilnfluence than PS and
bakellte barrlers, regarding the enhancement of oll gap
dlelectrlc strength. Thls leads to the concluslon that, the
higher the arc reslstance of polymer materlals 1s the more
syltable the materlals to be used for oll-solld dlelectrics.

Polymer barriers placed at the center of o0il gaps are
thought to homogenlze the electrlc fleld strength through
thelr atored space charge, dlstrlbuted on the barrler area,
By this means, the dlelectric strength of gaps subjected to
very hlgh dlvergent electric flelds could be ralsed to such
values as those resultlng by the same polymer barrlers for
veakly dlvergent electrlc fleld case. Gulde 1llnes for the
placement of polymer barrlers have been deduced from the
experlmental results as follows. Barrlers of diameters of
nearly equal or greater than half the oll gap wldth are to be
placed at the gap center. On the other hand, small barrlers
are more effectlve, 1f they contact the electrodes.
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