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Abstract

This paper describes the partial discharge due to particles in SFs gas. A model GIS chamber was designed
and manufactured. The partial discharge and breakdown phenomena due to the particles between electrodes
were observed and partial discharge signals were detected, using an ultrasonic sensor. The analysis of the
electric field by the states of the particle inserted between the electrodes, were also carried out.

The partial discharge was observed at end while the particle was moving in SFs gas. The partial
discharge in micro-gap grows to arc, and after all, it can cause a breakdown.

The electric field strength was the highest in case that the particle was vertically attached on the
conductor, and the lowest in case that it was horizontally attached on the enclosure.
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Fig. 1. Model GIS gas chamber
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2. Partial discharge during the movement
of particle (Fe, diameter 0.6 [mm],
length 7 (mm), applied voltage 25 kV],
camera frame speed @ 480 [Frame/secl)
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28 6ol E‘\’J “044}*1 142

upo] ol %J:—w%
} 5 agich

Si; o) el gHRAFUTIel ool
A A9 Aol e vl |
et ol o] Y AI(EAN] 202 2}

o e A, wHolEol srHF(RARmT)e 77

&

{t

FLM

293 - ERMEDEFGE 148 £15%, 2000F 15

%

ol H . Ha i wwg . 3

ofN

o 1Ay A9 Ul S HElaF W) o g
4 03 S Zhzbel iid HAd M-S 103
FAgstel dutet & 19 7ol vehiRdch Aol
ARg-gh Fdold e A 0.26[m], ol Slumle] rels
AHgRich ofm) d=tzkel 7L 15[mmle] 2ict
A 7k (holse] Esha s Zgolis g
AE] S0VIRL SRE WA MVIAA
& Qlvbetoln delwui glojulx ekgkon], s
wirol Fgow A Ag 7haqk 15barlt
x]:-_ doAub Hge HAE F et 2Abarlel A
MV H3EE QUbsol delstalt s

A ke, BhelEE A a6 FAo 1gA
492l 'ﬂmumow Vg ke g Sbarlel A 32
WD dERIZs, sRdTe sAeR ngazl
ARE kel SpA9 B gHE A Hu
ol Gehols] WE] FHOoR 1A ASuck
She s Ae Slbarll A BlWDE Hehiek

olsh e AWANE FEEY) 8 e el

AL siAg & vjnl - AESIIL

1
&
; /
»
>
xyp
ab
52
i
=D
Pl
s EEEVC )
0 RRTEY SELIESY)
) + Conductor 5| £5)
5
¢
1 15 2
Fo 722 e

08 7. 34012 S2YAl SFe HAQ0 M2
MOl

Fig. 7. Breakdown voltage with Sk gas
pressure when particle inserted

3.4 850122 AXIN [HE X HIoHAL
SE; 7hese] el sifolie] =4 g
el dARE BEE B ffste] g5elE
of raltel FHO® MAse] ot A, Foo
wol aprdfel $Hor uyseid 49 R 8

sg5je] Qi 9ol thsted

2 =2

HATo] oz
A s)4saldoh
Maxwell 2DE2 HAE #i2E7] fafA, A3 ©

4 FEolE A% loml, 2ol fmml] FelE ol

2

ox A

(79) 79



SFOIAMHLE 2501801 ol 222X % 2O 21

=

o2 3l ol AFTH Aye 15lmlE A2 B
HASE H(Fe)oln, F40182 SF 7t e
Aoz sgch

AARN L FEo1E] HAE YR v 2
37kA9] A4-2 o] AeEart

© Fol 8ol AT 7IHEHA Sle =

@ B0 |Bo] ARAZ g2log Bity A

@ F&olE o] Mo FAUE A

AAQ M7)e 1CIE 83k & INJeg =
@9 Adstel e oz BAET:

F&olZd nixe AAY Arle g AF 2o
3ol nlglstnz F&o)Ee] Fa9A]d ©E F4o
B 2gsle 3S 73 doe ¥ 13 2o

F = QE

£ 1o} vehd vie} go] FolBol Reahe ¢
o 4RAZ FHoz RATAS o 1.82x10N],
R AT $Hoz Bage o LEX10°N], 3
AT} FHoT HAFHAL ) 02x10° N
veltt) FolBo) EEE g HAY Arie
njglsleg 74 B9 HAe] AvlE AR
o rjog RAEES dvt /P 32 o2 3
BAZ) R oz RS E wo|n sF-AF ¢
Hoz RASFE wrl 71 A velgth & 2%
o]Bo] AIA oz YW T HAAY 9
2 Wtowg ol Fgo FolE FHoA HE
o] Ay JhsAel A ok IEEE HAAS
Az AA AgAst dAEe dvke AE &
L=
HE 1. SRAKM 02 220120 M85t 8

Table 1. The force acting to particle by
attachment states

Case | F&HolBHEIA N

@ SRAF(NY) 165 x 1078
@ FE-AG(FA) 182 x 1078
&) A 35 H) 082 x 107"

a9 89) (a), ), (Ot 2% 2] B
AAY A7l dF 2WZE HAFD Yok I8 8
o (e FHolBo] spaTdl FHoz RaE A
o2 AAL A77F 16x10V/emlel, 1§ 8¢

80 (80)

(bt Ao f2oz Rag Aeas A
A7174 182x10°V/eml®, 17 89 (o) AT
o F£gog Rag AHL2M AL A7t 082X
10 V/emlolth #AlY) AZIME FRAFe F
olZo] RAENS wrt 7 A AFHALSEL
o 4= 9k

1704 -
e |
156904 L U S . [

14E000 ;

LEO

126008 Jo Nt

* Value (v/eml

LIEs0s |

VE.
008
-0 2
008

L] 12

L] 2

4 [ s
Distance [mm]

(@) BHolBo] BRI £ o2 Rad HS

Vaiue {veml

4 . 1] L] 12
Distance (e}

(b) B&olBo] 4X-HFo) FAoz FAY ¢

Value [v/em)
RN

L] 2 4 L) 9 L[] 2 "
Distance [mm!

(©) B&olRo) BRATe) FPo= $HY A

2 8. 34012 AXM WE XA K
Fig. 8. Electric field strength by particle states

Journal of KIEE, Vol. 14, No.1, January 2000



4. 2 E

SFe7hsulol F&olZe] EUNAL W FEolB
Fue) BEgd 2 AAskEel og AFER: o
&5 2ok

(1) F5012e ATF AT H2IHW 2ol

ma wo) WS, ojsige vlaisle]
e olAeR WAse), AnHow
= AddAE 42 5 otk
@ FEelgel oY FRAAE 2gst W o
& ek
@) FHolZel Aol wE SolAgte BAl] >
Sele Wk SJael 4 EE 7
Ree & 4 9k
(@) FEo)2e) Axol we WA Y AelE
FgolBol ARATe] FHo Fauol g
= A%el MAS AVt 7P AT o 8
AT $Ho2 $Ae] gt B9
PG FHo2 YHso] gt B9} 7
4 @A dekdeh AAl A8 AdelNE 8A
g dMale) Qe ddsh gL £MT Wels
JAge] 2PAYCH, ot AAE WP
A3sh YA AYEF YA A e
SRR

o

|

_\‘;_.

dnzs

(1) K. Kaminaga, M. Koshiishi, T. Hayashi, M Matsuki, T.
Hara and N. Sugiyama, "Development of Cormpact 500kV
8000A Gas Insulated Transmission Line-dirt Control
during Field Jointing and Method for Detecting Conductive
Particles”, IEEE Trans. on Power Delivery, Vol. PMRD-2,
pp. 961-968, 1989,

{2) Ming, ‘Infiuence of Conducting Particles on the S Gas
Gap Breakdown and Spacer Flashover in QS" , Doctoral
Thesis, Chalmers Univ. of Technol., Goteborg, 1987.

(3) T. Hattori, “A Study on Effects of Conducting Particles in
SFe Gas and Test Methods for QS”, IEEE Trans. on
Power Defivery, Vol. 3, No. 1, pp. 197-204, 1988.

{(4) Alan H. Cookson, “Effect of Conducting Particles on AC
Corona and Breakdown in Compressed SFs”, IEFE Trans.
on Power Apparatus and Systems, Vol. 4, PAS-91, pp.
1329-1338, 1972

(5) ==a|, #2 2, “QSU BH0ISe HABY", Ust

apt-ic| OM(—thlil =2, pp 1728-11730, 1998,

Of XM, & a2 2, “22| ASUiolAM ZIEIZ2l MEH

ME AAmY EM°, XY - HIIMYIEsE FH st

=3l =2, pp. 67~69, 1997.

(6

et}

297 - ERDBREHRIGE B148 B, 2000F 18

oJAA - BHR - 278 ¥FA

[7) Alan H. Cookson, "Particle-Initiated Breakdown between
Coaxial Hectrodes in Compressed SFs”, IEEE Trans. on
Power Apparatus and Systerrs, Vol. 3. PAS-93, No. 3, pp.
343-349, 1973.

(8) S. Tominaga, H. Kuwahara, K. Hirocka and T. Yoshicka,
"SFs Gas Insulated Analysis Technique and fts Application
for Evaluation of Internal Conditions in S Gas
Equipment”, EHE  Trans. on Power Apparatus and
Systems, Vol. PAS-100, No. 9, pp. 4196-4206, 1981.

PIP\ Y R

Ol I 2 ()

19744 129 594, 19974 $4d FhAsFe &
d, 19999 % oishd WIIFSF A, AA 5
herd 47138 WA,

o 5| 2 (3R

194213 39 194 19679 MLeEY A7) Esha &
19781 %3 New South Wales thag 7 &sts &
(MAD. 1986 4ol gty Ar)Fsta ZHA,
1986 M.LT Visting Scientist. @A £4% FW A
7188 w3 83 B3

X = 3 (HE®)

1950 19 1394, 1987d AW A7 g3 &9,
1989 & st H)gshat £4(AMAh), 1998d ¥
ke AriEstd EQEb, A AT A
AR G AYBFd

ot F A (HEE)

195613 39 3UA. 1980 SAUER A7) FEY £
1982 Aot A2)F g F(AA}). 1996d ~ A
sAst thetd A2 Feat wabaA, A4 hEA

4 $9dsd WARRY Pus

A7E wRAFTA Adel ojare] 7]
HAZABEATL TR £9933.

P rh

(81) 81



