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AESTRACT

Adming to improving the insulator resistance in the poilut-
ed media, a new proposed model consisting of an insulating surf-
ace coated by a nopn-linear conductive £ilm has been studied.

There ars two important roles of the non=linear £f1lm.
At low volbage gradient, a very small current passes. This low
leakage current tends to raise the surface temperacures slighcly
above the ampient and retards dew deposition, which contributes
to many flashovers. At high voltage gradiesmt, i.e. the condit-
ion of dry zcnes formation; the leakage current Lncreases sharply
under the discharge across the dry zenes; so this dischargs
diminishes.

To investigate the affect of this non-linear film on the
surface discharge and flashover, the electrical characteristics
¢f ron-linear film has heen studied, and both theoretical model
and experimental work; which has been carried out with simple
model are discussed.

It has been found that the chance of the formation of lozal
surface discharges cdecreases, and tha critical flashover voltage
has increasec due to tha existence of this non linear Zilm. The
mathematical experessions of the electric field in the dlscharge
column and pollution layer were deduced for computing the critic-
al flashover veltage.

l. INTRODUCTION

The =main way to improve the kehavior of N.V.pollutef insulst-
ors |s to incraass their leakzye lengeth. The nther way is <o
zocat the insulasor suzface by linear conductive film such as the
type of semi-conductive glass ingiulator.

The insulators which are coated by linear conductive films
Had been studied {n beth aspects: in real ipsulator 71/ for
measuring the [lashover voltage; and by physical-experimental
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laboratory models /2/ to understand the flashover mechanism and
investigate the different criteria for caleculating the crikical
flaghover voltage.

owing to the linear cenducting film; a continucus lezkade
current flows. It has been found that /17,2/ this leakage curren:
raises the surface temperacture slightly above the ambient and
retards dew deposition. Besides; the lipear film uniformely
distriputes the electric fizld on the insulator surface, which
increases the value of flashover voltage, So thesetwo imporrant
effects contribute to many flashovers.

The linear film 1s neormally designeé with high res:stance t2
avoid the bad =ffect of high leakage current, wnich should be
within @amaxinmum of |1 mA., in such type of insulators /1/. This
value :s high enough to ¢ontribute to flashover, specially if tne
surface discharge has already been formed. In addition, this
value of leakage current causes anh increase in losses without
benifits 1n normal condition.

The aim of this present work ls to investigate und study the
behaviour of H.¥. insulator coated with non-linear conductive #ilm.
The non-linear £ilm gives very small leakage current in low elect=
ric field, =0 it decreases the losses in normal operationconditions.
In the cases of high electric field zones formation; the non-linear
£film g;ueg very h&gh surface current,which aviods the surface dis-
charge and Ilashover.

I1. ELECTRICAL CHARACTERISTICS OF MON-LINEAR MATERJALS

In general; the currenc-voltage characteristics of semi =
conductlve materials such as silicon or ZinC oOXyde can be rep-
resented by /3,4/ the following eguation:

b

IS = a VS e, R _— aas o voaie B1)

a & b are parameters of current-voltage sguation.

Figure (1} shows the current-voltage characteristics wnhich
may be divided into three zones depending on the value of bh. 1In
the first zone; the value of b is equal to one and then zhe char-
acteristic 15 linear. The value of b in the second zZone eguals
two; and in the third zone this value is greater than two, and
may reach 30 or greacter than 30 depending on the type of seur -
conductive material used.

a si:mple experimental test has bean set up for measuring the
I-V characteristics for different lengths of a substrate of zinc
oxade 37 ¥ with five oxide additions. These ara: Ei0, 0.3 3
Mn 0 0.53%, Cg3z O4 0.5 %, Cyp O3 0.5 3, and sSp, 03 1%. This
mixture is uaca /3/ normaly in the fabrication of the lLighting
arrest Jdisks. The specimen has been tested using the tcotal len-
gth K cm: 3/4 h; ih; and 1/4 h.

In the test, the voltage has been increased gradually and
the current was measured. At che end of che tesr, the 3Specamen
was vested anctner time for the total lengtn h beginning with high
value of voltaga and decreasing 1t gradually.

Tne #.V. source 15 a rectified voltage from (0-40 kv; with
—aximam surrect of 10 mA. nocdel ABK-45 ZANID. The speCimen was

where,

g =g e bl . e T
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33 mm long:; 4.5 mm wide; and 2 mm thick.

Fiqure (2) shows the experimental results for diffc;cnt val-
ues of length h. It has- been found that, after the specimen pas-
ses the value of a threshold voltage Vgg; the I{v) characteristics
with the length hiline A)acan Ee represented Ly:

Isg =—f Vg sv=  ses  ees swe wes (20

The characteristics. before Vgg were not regular i.e the value
of Ig for length egual to 3/4 h 1s greater than } h (line B).
This non regularity may be caused /3/ by thermal effects in the
specimen which strongly affect conductivity. Also when the exp-
eriment was performed starting with the highest voltage value
and decreasing it gradually, the characteristics optained did not
coincide with the characteristics of the first experiment for the
same specimen. This may be aiso due to the thermal effect in
another form. As we started with the high value, the heat cont-
ent was formed early in the specimen.

The following form may be used for computing the potential
gradient in the specimen:
% . VEib
Es;'si' ["E'I e o= - .. PRI - s . (3)
This eguation must be calculated numerically at each poinc
on the surface of the specimen.

111, POLLUTION LAYER ON THE NON LINEAR FILM

In the flashover test /5,6/, the pollution layer has been
presented by a solution of Nacl which has a linear characterist:c
of its resistance. So if a pollution layer has deposited on zn
insulator surface which is coated with a non-linear film, the
characteristics of the two layers together will normally depend
on the value of the applied voltage. Two cases of the applied
voltage are illustrated in Figure (3). The applied voltage is
greater or lower than the threshold voltage Vgg of the non-linear
£ilm.

then the applisd wvoltage value is lower than the threshold
voltage Vgg ©of non linear £ilm; the characteristic of nop-linear
film is linear. Therefore,the total resistance of the two layers
together is the parallel resultant of the two layer resistances.
Because the resistance of non-linear £ilm is too highly greater
than the resistance of pollution layer; the resistance of the two
1:yers together is equal to the resistance of pollution laver
alone,

The second case when the applied voltage is greater than the
threshold voltage was not considered in this study. This is
because the applied voltage must be lower than the threshold
voltage in normal condition to avoid the high leakage current.
However on a certain zone of insulator surface, which have a very
high pollution resistance or dry zone; the characteristic of non

iinsar f£ilm has the only role without considering the pollution
ayer.
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Fig. 111 :Chacactaristic of currept=~voltand.

Fig. (2): Experinental resules of I-V.
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I¥. ROLE OF NOW-LINEAR FILM ON THE [NSULATOR IH OPERATION:

There are two wmportant toles of the non linear E£ilm, which
roaty the insulator surface., The first role affects at normal
of insulator where the leakaga current tends to ralse do
gurface temperature slightly above the ambient and ratards dew
doposition, which contributes to many flarhovers.

The other role dominates when a dry zone 1s formed and the
discharge grows across it. The high gradient which formed this
discharge increacses also sharpl the leakage currenct in this
porticn of the nop linear film {necauan the applied voltage at this
zone will be greater than the threshold woltage at the moment of
growth, so thig discharga will diminish. This is sq because thm hich
leakage current in the non linear £ilm under the discharge affeg-
ts the elescric field in the discharge column; and the current
necessary for the discharge.

V. FLASHOVER VOLTAGE CALCULATION

Flashover voltage calculation /2,7,8.36epends on the calcul-
ation of electric field on the discharge ¢solumn and the pollution
layer which is in series with the discharge; and also the current
path under the discharge in the nonlinear film which affects the
electric flald in the discharge,

Becauge of non=linearities in the slectrical equation; the
electric fleld ealeculation is verv difficult; so the numerical
computatlion such as finite #lement or finite differonve can be used
for sclving the electric field prozlem in such cases.

The following equaticns have been deduced for the differenc

necessary relation for solving this problem:
-n

Ed = Ald oW - L o i"

il
2 & (L=X) £ 5 e vy (Tg+I.) BB wews 19
whera, P eq}T Bg d =3

Eg & =, bare electric field in rha discharge column and
pollution layer,respectively.

Ls X are total leakage and discharge length,respectively
ASn are constants of static-discharge,

J

1a is discharge current
Ig is non linear film current.

Tog is the ecuivalsnt resistance of non lingar film
and pollution layer.

The discharge current T4 Can be caleuwlated by using the
transition charecteristic ©f discharge in gases between dlow aml are,

The current in non linear £ilm Is can be calculated where
the voltage across the discharge is egual tc the voltage across
the dry portion of the non linear film as shown in Fig. (4).

Sc the current Ig can be calculated as f{ollows:
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AX I - W
LA TR L e @
whern,
Vy = betal slectrodes vallage drop,
f = the length of non linear film which represents the

dgy gong,

Vi, RESULTS AND DISCUSSIONS

The Formarlion of f{lashover begins bv a local discharge scrcas
& dry zone on the lnsulator surface, and after chaz the dlscharce
propagates to includs all the leakags path on the losulaser susri-
ace petwesan the high woltage and zarthed electroded. This peor=
agation of diecharga ia reetriceed by che oritical values of
glurrent and voliage /5,6/.

To Lllustrace the sffect of the non linear files codcting the
insulator surface on bhe flashovar; the following results deal
with the effeot of nan liosar film on the first dtage of the
flashovar whare a local dischargs is focmed aorols Che dry Zone.

P figure (5, the slectrical fharecteristiam]-V have Esen
presented for three specimens of zinc oxide coa the surizcs
of cecamic plates As shown in Figura (6. This Sharagisriasac oo
sach spacimen o dmed to calculata Table |V1p whion inciudss Ena
theeshold voltage V., and the valuss of a and b loc the spesisen.
The curva of I-V has peef divided inty three ones =nd hapnos,
the valusg of a & b have besn calcaolated for sach zone. Zo, £ne
valuss of a and b ars given by Ay, @y, b h‘, h]. b].

Table Vj: WValuas of A, b; and 'F“ af oon

linear £ilms.
Spacizman | Langeh| Width B b V..
= = ==
ay - o b, Sy |
! &5 |3 2.67005'% (2,008 V5. 1215 |13 2 18] @
) g 2 4,008 el (24302 h.ork.6 0.6 22
3 8 2 .'I.Th."liurih‘liu 20087 hoerhasing | oo

1+t was observed bhat the speciman 1 has the same lengoh and
width as specimen 3; but the results of a, b, and Vg, are net
iduntical for each - This contradiction may be due
to tha avallable ¢ for preparing the specimens . This
technique used the power of =zinc oxids and mizod it with water
ar alenhal. The mixecurs s deoosited on the surface of ceramic
plates. The specimans are dried  An an oven. This techaigue
is good technlque but gives the film without conticl of thick-
ness, and honce the difference belwewon the two spacimens.
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Fig. (€): Specimen of non linear {ilm on the surface of ceramic.
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Tabla (21 gives che variatlons of Tq and Ty which are cale-
ulated by Yhe egquations given (n kectloan V for tie two apecimens.

Table {2): Vagiation of 14 4 I

speimen (1] "'va1q 347 | 1021 | trae Jresy | ze7s
Lenth 0.5 cn_larze 2 e
.y " 7. 1%1078) bys 11,8

Vpe®i0TE Volrs.

LA PP h-:‘-ﬁ"ia:'-ﬂl

2,308 8. 128" :,:.-.'13“'. ik
|

w2t | 46 | YeEl | 207S

Spetmen {2)
Lengzh 0.2 = large Icm

.!;1-1:“-5“ by = 13.5
1!',5"1!?’! ?ﬁlt!-

paf! | 2e@® | w0i |sad®

3. 8010 |1, 2807 1,0915 | 153

i

Tt has been found that, if the voltage actoss tha ary =oog
ineraases due to the pollucicn on the insulator surface whiss
phokpd tha slectrig Finid oeross the dry z0ne; the currant <
incraased accordincly depending on the voltage of non linear Zilm
toacing Lhe insulator surfsce. This increage of Clarrent wi.l
Jdiminish che discharge across this dcy sone.

Fafgring to the provious results, the choige of the charsc-
terincice 2af non linear film L veary important becaune the snars
sncreand of current I, depoends on the value of threshnld voltsce
Vgz wilch depends on the length of dry zone.

Yil. CONCLUSICNS

The electrical caractenistics of pon-linear conductive £11

akll
have baen rtunisd to ihorestigake Lthe role of non-linesar file
which coats the surface of H.V Lnsulators.

The lafluence of tha length of non linecar Eiim has been

stucled and Lhe squarions for computing the flashover voltage
have bean doduced,

1t has Bpen found that, the characrerisrics of non linvar
fil=, nor only Llncreases the flashovar wvoltaye, but alszo die-
inishes the surface dliracharye ftaclf.
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