RELATICNSHTP BETWEEN PARTIAL DISCHARGE (PD) APPARZNT CHARGE
AND AREA SUBJECTED TO THE DIS(SIARGE IN AN ARRANGRMENT HZPAL.
GASEOUS QAP - DIELECTRIC

1, Introduct

~ Studies of problaas -_aéhoclated with pertial'diechargee are of multi-

directional charecter, In most cases the determination of the intensity
1a required and almost emch quantity, describing the PD intensity,requir
res in turn precise calcdlation of the appareht chsrge. It follows from
the theorestical conpiderations, based on a three-capacitance equlvalent
circuit, that the apparent charge is not affected by the instantaneous
voltage and it ehouid be constaot for a given max, voltage, applied to
an arrangemsnt under inveetigation. However, for almoat every real eit-
her model or prectical ayetem, contrary to theory, the apparent charges
vary for individupl partial dimcharges, To get a reliable picture it is
in general nocéamf to measb.ra & spectrum of the apparent charges [2].

The presented here atudies try to explain what affects apparent chas
ge level, The tested model consisted of en arr@ngement' of metal = gasé-
ous gap = diéleptric and the measurements were limited to the first PD.

The selection of this metal - gaesous gap ~ dielectric arTangement
wes because of ite wide practical application in finding quantities for
the nspepmment of resistance of synthetic dielectrics to the PDs, For
propar selection of such assessment indicators, a precise determination
of the digcharge intensity and through knowledge of its relation with
the phenomene in a gmsecus gap and on ‘bhé dielectric is essential,
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24 Tegt c;ruuit

The %est circuit is illustrsted in Pig. 1. It consiste of a highvol-
tage hemiepherical electrode, fixed %o a micrometer screw for precise
petiing of ithe gap, and houged in a lightproof epnclogure which alse al-
lows the internsl pressure to be varied. The polypropylene foil pamples

had been washed with ethyl alcohol and then stored in a desicceator for
48 nours.
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Pig.1, Arrangement of alectrodes Ior PD tests
l-upper electrode, stainless sieel, 8 mm dia, 2-lower, flat Pla=
te electrode, 40 mm dia, 3-polypropylene foil, 12 um thick, 4~

photographic £ilm, 27 DIN, 0,22 mm thick, Zdndetection impedance

The meaguremente were csrried cut in air of temperature of 18 to 20%
relative humidity of 40 to 50% and at pressurea of 101,35 kFa and 5G,0
¥Ps. Por emch measurement & new pample was prepared, D.c. voltage pulees
of high steepness and positive end negative polarities were used. The
sapplication time wapg below 0,25 pe and the voltege wae removed at the
noment of occuranos of the firet FI.

The following quantities have been recorded:

- applied voltage

-~ spparent charge

-~ Lichtenberg’s figure i.e. trace of a discharge on the insulation
surface '

= time lsg of the PD inception 1.e. time intervel between the Lnstani
of the voltage application asnd the first PD.

Piz.Z illuetretes the measuring cirocuit. The measurements wer¢ perfor
med at three pugitive and three negative pulses for each of ihe
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following gaps: 0,2 ma, 0,4 mn and 0,6 mm and for each of the following
two pressures: 101,3 kPa and 50,6 kFPa.
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Pig 2. Test clrouit

Doay Do voitage dividers, V0-digital voltmeter . OR OB~
cﬁlogra.pha with memory, K-teat module, WWN-H,V, cireuit-breaker,

Zde-detection impedamce, W—amplifier, D-discriminator, LJ-voltage
impuliss counter, LC-time counter, US=control circudt

The applied ﬁltoge Javels were s0 selected ap to get the voltage
acroes the air gap equal to 110%, 120% and 1308 of the flash-over volta-
ge from the Paschen ourva. It was asgumed thet the testad arrangement
represents s waiform field, en assumption guite acceptable, as the dia-
meter of the high-voltage electrode, equal to 8 mm, considerably excee~
ded the applied gaps.

2. Test results

Average values from 12 tests have been ligted in Tables 1 end 2, The
resulis have been cbtained by applying the Student’s distribution for a
confidence lavel of 95%, The diasmeters of the Lichtenberg figurea have
bmen measured with the ten fold magnification,
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&a Inm etation of the E!ﬁ rosultp

Basing oo the mimple formila for an appevent charge

where: AU1 - Us - II8
and U‘ = PD inception voltage

ug = PD extinction voltage
02 -~ capacitance in seriss with a gaseous void

it is possible to caloulate the apparent charge valus by substituting
the mesasuremsnt results.
The following asaunptions have been mades
1. The arrangement under the test is of unifomrm field,
2, PD extineticn voltage te PD inception voltege is 0,6 mnd is cons-
tant. Valuss of 0,6 to 0,8 are cited in litersture [3]..
3. Capacitanos Gz, closing the PD eirouit, can be determined frosm

the diaaster of Lichtenberg Iigure n.nd the dielectrie thicknesa.
The adopted formula is as follows:

Q#Zas.txxxupznz (pC)

wheret X = coefficient due %0 diatribution af capacitive voliage
scroas the gaseous gay and a dleleotric coannected ip
ssrieps with 1t ,

. applied woltage (kV)

D ~ dimmoter of the Lichtenberg  Ifigure

3

The calculated values of the gpparent charge have bsen listed in
Tables 1 and 2,

Ap our considerantions have shown thet the al. arent charge depands on
both the voltage and area coversd Yy a surfeoe discharge the Qp-f(ﬂp,ﬁz)
nepsured and calculated for both polarities, is repressated in FPiga 3
snd 4, :

The comparison shows a pretty good conformity, except for a gap of
0,6 sm and & voltage of 4,49 XV, but in general, remembaring OUr assun~
ptions, and partienlarly conetant ratic of the PD extinciion voliage to
the Pl inceptioh voliage and the faect that the circult cloming capaci-
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tance has bsea determined froo the Lichtenberg’s figure, the conformity
must be considered as remarikably good, o :
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Fig.5. Apparent charge v, product of positive polarity voltage and
squared dismeter of Lichtenberg [figure: Solid line - apparant
charge measured values, Broken line - calculated values of appa-

rent charge
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Pig.4. Apperent charge v, product pf negative polarity voltage ana sgla-
red dismeter of Lichtenberg Pigure: 5014 lipe -~ apparent cher-
ge mepsured values, bBroken 1ine - caleculeted values of apparent

charge
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17 we conclude from cur messurements that the PD apparﬁnt charge do-
pends on the inltage and aree covered by a surface dlacharge it will be
interesting to find out which factor is of greatsr importance, It seems,
that the comparigon ¢f the measuremeats at 101,3 kPa and 50,6 kPa may
give us a right snswer (seces Tables 1 and 2). At & lowsr pressure, even
tne reduced applied voliages give apparent chargea equal or higher than
for e noTmal pressurd.

_ Table 1
Results of measurements for positive test voltage

p a v, ) ﬁp % el

kPa kv ™Y pC pC
2,12 8,1%¥o0,3 42786 L 542 3895
0,2 2,32 16,1 £ 0,6 668 L 647 6627
2,51 | 10,7 0,3 | 9938 % T4T | 8046
2,96 10,3 £ 0,2 { 11533 & (17 | 10638
101,3 0,4 3,23 | 11,7 0,2 | 15666 £ 560 | 14414
3,50 13,1 £ 0,3 19563 £ 1072 | 19580
3,80 | 11,6 L 0,4 | 15456 1 1437 | 17487
0,6 4,7 | 13,71 0,3 | 25264 = 513 26574

4,49 | 15,4% 0,3 | 32378% 768 | 64T
1,83 14,5 % 0,4 14280 £ 412 12543
Q0,4 1,99 16,7 £ 0,3 20870 ¥ 1433 | 18092
50,6 2,16 | 19,1 £ 0,5 | 31255 * 1353 | 25688
L} .
2,31 16,6 £ 0,5 | 20269 £ 1270 | 21769

0,6 2,52 18,4t 0,3 30024 £ 955 | 29178 _
2,73 19,6 £ 0,5 41793 T 1543 | 35867

pe-pressare, d-height of the ges gap, U _-value of test voltage, I- hi
nean wvalue of Lichtsnberg figure diameger, QPAPn apparant charge mean
valus, Qp cal—calculated apparent charge

figures sre also greater at the
-~educed pressure. This fact indicates that the dielectrie surface dis-
charge is decisive for the PD apparent charge level. The measurements
give us also another opportunity to cheek the formuls for the apparent
charge i.e., that the PD apparent chargs depends on the aﬁplied voltage
and the square of the diameter of the Lichienberg

The diemetera of the Lichtenberg

figure. 1f this ia
true the ratios of the PD appsrent charges at 101,3 kPa and 50,6 kP=



273

will be approximstely equal to corresponding ratios of the products of

the applied voltages by the squared diameters of the Lichtenberg figu-
e, '
Table 2
Reaults of measurexments for negative teat voltage

P d U_p B R, QY cal
kXPa o vV nm pC rC
2,12 2,5 £0,2 | 520 92 314

0,2 2,32 3,0 £ 0,1 825 & 60 585

2,51 3,24 0,1 | 1118 & 93 720

2,95 3,5 20,2 | 1462 & 152 1184

101,3 0,4 3,23 3,7 £ 0,1 | 1554 & 114 1443
3,50 4,5 £ 0,2 { 2494 £ 189 2313

3,80 4,1 £ 0,1 | 2490 % 54 2183

0,6 4,14 4,6 £ 0,1 | 2737 & 86 2994

4,49 5,4 % 0,1 | 3209 £ 72 4474

1,83 4,1 £ 0,2 | 1416 & 147 1004

0,4 1,99 4,7+ 0,2 | 2076 £ 107 1434

2,16 4,8 £ 0,5 | 2168 = 292 1629

50,6 2,31 5,4 £ 0,3 } 2460 £ 168 2302
0,6 2,52 6,2 £ 0,3 | 2828 £ 126 3310

2,73 6,9 & 0,3 [ 3098 * 46 4442

Notationa see Pable 1

For sxample:
Por a gap of O,4 mm, a pressure of 101,353 kFa and a positive polarity

of the applied voltage (Refer to Table 1) we haves

U1-2,‘96kV

b B, -‘10,3 wm

Por a similar gap but at 50,6 kFa we have:

Uy = 1483 KV 52 a 14,5 am

gnd consequently:

2
U, x 52
2
Up1 x ﬁT

2 .
- 1,8% x 14,5 = 1,22
2,96 x 10,3

T

Qlﬂ

apz = 1‘280 pC
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The so calculated ratios bave bean listed in Tables 3 and 4. Alt-
hough there are small differences, the results have confirmed our origie
n»} sopcluaion, '

-

, Tabie 3
Comparison of refiovs of products of teat voliages
and syuare valuss of Lichtenberg figure dismeters
with retios of apparent charge valueeg by different

pressures snd poasitive test voliage

Ip a up1 iIp2 | 022 ﬁ: ' o 52
v, ¥ Q
- ¥ w | P71 P1
4 2,96 | 1,83 1,20 1,24
2 c, 4 3,23 1,99 1,26 1,33
350 2,16 1,32 - 1,59
4 ' %,80 2,31 14,25 . 1,30
5 0,6 4,14 2,52 1,10 : 1,18 .
6 ‘ 4,49 2,73 0,99 1,30

d-gas layer height, U_,-voltege applied to the cell by preseurs ol
101,3 WPa, U 5=vol applied to the cell by premsure of 50,6 kPa,
D, -mean valuB“of Lichtenberg figure diemeter for U ,, D -meen value
ot Lichtenberg figure diameter for Ugg:uﬁ ~mean ue &f apparent

tor U _, § _-mean value of apparent for U o, B,,D,,Q ,%_,-ses
Tahlepq. »2 p2’ T ﬁp ape

Effect of the area of a dielectric subjected i'.o & purface dischargt
can be seen by comparing the teat results for the two polarities of the
applied voltage. : '

Both, the apparent charges and the dismeters are considerably higher
for s positive polarity (Refer to Tables 1 and 2), As the applied vol-
tage is identical for both polarities we can compare the ratios of the

corresponding apparent charges with those of the squared d lameters of
the Lichtenberg  figures,

For instance:
For a popitive polarity and s pressure of 101,35 kPa:
d = 0,4 zm; pr 3,23 XV ‘15+ = 11,7 nmy Gp_l_ = 15666 pC



For a negative polarity and s pressure of 101,3 kPa:
4= 0y4 mmy T = 3,23 XV D =3,7m0 G = 1554 pC

p-
) 2 8 |
..%. - (114% } = 10,0 - Qp+ o 2566 10,1
5 v P~ 1554

. Tabdble 4
Comparison of ratios of products of test voltages
and square values of Lichtenberg figure diameters

with ratioa of spparent charge values by different
pregsures and negative test voltage

. . : -’ -
Ip a oy L v, D 2
2 -
- KV KV Upy D “n
1 - 2,96 1,83 0,85 0,97
0,4 3,23 1,99 1,00 1,33
. 3,50 2,16 a,70 0,87
3,80 2,31 1,05 0,90
0,6 4,14 2,52 1,11 £
4,49 2,73 0,99 C,97 J

31, Dz. ﬁp1. 5p2 - see Table 2.

The ao calculated valuas have been listed in Table 5.
It would be unwiee to expect a similar conformity for all other casges,
but nevertheless tha results are quite eatiefactory, The analyais of
the Teble 5 shows that lower values of the apparent charge st m negati-
ve polarity are due to a reduced area subjiected to a surface discherge.

The above mentioned results, complete with the discussion, allow the
following conclusions fo be drawn up:

1, The apparent charge value depends on the PD voltage and on the
erea of a dielegtrie gubjected to a surfasce discharge.

2. Ares of a dlelectiric subjected to a surface discharge hes a deci-

sive effect on the apparent charge.
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3. A purface discharge on a dielectric is primarily responsitle Tor
the distridbution of the apparent charge amplitudes.

Pablce 5
Comparison of ratios of sguared mean values of
Tichtenberg figure dimmeter with ratios of mesn
velues of apparent charge for boih polarities

of tepting voltage

Lp 4 Up Di E ;
= kv D-2- ’ Q1:»-

1 2,12 12,4 8,2
0'2 2'32 l1p3 9'3

2,51 8,7 8,9

“ 2,96 - | 7,9
0,4 3423 10,0 10,1

3450 8,5 T8

7 3,80 8,0 842
8 0,6 4,14 8,9 9,2
9 ! 4,49 8,1 10,1

U _=value of testing voitage, d-gas layer height, 5 P wmean
vRiues of Lichtenberg figure diemeters for gositin anl negative
tengt voltage respectively (mee Table 1,2, -fiepn values
of apparent charge for positive and negative at voltiage reapec-
tively {seso Table 1,2)
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