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229kV SF, JtAEH JNEHEXIQ HAZX AlAH -

A Potential Detection System of 22.9kV SF, Gas Insulated Switchgear

Hey, gys-
(Seung-Kil Choi*, Hyung-Bu Kang**)

Abstract

This paper describes the development of potential detection system of 229kV SF, gas insulated
switchgear, This detection system composed with main circuit compartment and LPS(line potential sig-
naller) can detect the source voltage by capacitive potential division which is accomplished by inserting
signal electrode between main electrode and grounded metal enclosure of the switchgear. The position of
signal electrode is achieved through numerical analysis on potential and electric field using two dimen-
sional finite element method to induce appropriate signal potential. The developed potential detection
system is verified by several tests such as operation test, voltage test, SWC(surge withstand capability)
test and other required tests and by application at site. From the results, it is concluded that this
potential detection system is very reliable to detect source potential and available to operate the
switchgear with safety,
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Fig. 2. Capacitive potential division



fFoln C,= AZTAFTIH U FHLFH A
FH3e) @2 terminal)s} LPS7HX| o] 424 A}
{5 F&Aol B YALF §L Vel

AwrHel 434 Be AF C 0] FAE Afde
HF AAL%9 dgo] A FRY AR o4
oggko] o3 Wenlrl AskEle YA} 23 WYV,
g @717F 44 g gy 7ka HE AsRA
AgolE Hx Aee 93 2F Col AMHLZ
As =] genz Co 279 tad] Faglol A
8¢ Hgu & 9= Ro) Aesia{l]. waA skx
dQ A H4d AREF B dElE <
& Aoz vehd 4 (1)3 2t

G

Ve= cl+czv

1

A (DA Ce #F 23 /7] AYgl 2 &
X RAE AZ AFA LPSe GRAAA] A4S
o] Y& §F AolEe A §Fo2A CE AR
9 Zol& WP o2A 23 Jhedint

SECE

M olB

B AR A2 AE d3d {U1=HE 2%
A shAe 9F e WAL Maxwell HA4
g Rz AN o 2Ry A (2)8 gol fFxHTh

VeV =0 ¥)

2l (2)o] AY FE ALEE fEH8A A
A8 AL5E 4 )7 2L AY 4o A gA
BE g dg ¢ 2, 3, 4].

[K1{$}=1{0} {3)

o714 [Kle A2 A4 BEdeld.

AA S AuptAA e HE T A A4 49
o] AAZAL Yutz o F oo} o] 4 (4) Y 4
(5)9) A R AA AARNLE FolAY AHY
A AAge] AZAFH go] FA = A AV
AYs} AAH YA ¥ =M= FAH)7IE
xut 2 Zto) guidA = Fo|x|A v, wEkA
olg} o] TUF A ZAXT oW U E &
4 98 ALd= AG)H} & A AA 24E
2 g3hofof (7],

$; (4)

A7\ AP B =FA Vol 12, No. 12, December 1999.

(5)

g=9,=9,=8,=- - $, (6)

714 = AY FE X AHE A= V1A @&, §,
EANZATY AHQZ Ao, $,~ ¢, ATHT
AAe fEas g Adgeltt. & =AA Rl
A7NH oz BE Ael(floating state) TA7} = 3
$ol= o] =AY X3 u]A] AL kA EAGfAT F
Ad§ A A2 vH e e ST EASA @
ok, mald fEad A A g HE ANE o
NFAZ x5 ko] A N BT YT
ate) 8 #EE A 2Ug Lodoof g}

(a) SIM=Y (b) FELLEER

(a=35mm, b=>5m)

0% 3. WY A 2d R RAFUE
Fig. 3. Model and elements discretization

Potential [v]

b [mm]

4. A% AF9 |7] A4
4. Induced potential of signal electrode

g
Fig.



229kV SF; 7t s e AHRA A 29

3. ENAUKX A2 4A N AN

31 M= He Y FH2E A #Y
a9 3(a)e A FA A2dy R B R F
2R HAAFE Ny 48 EdE 2AYEA
FEA, ¥A A% R AzHIToz A 3t}
AsATE X0 G2 {7 AHE HA37] 4
DALE 22900/BVE A, 4 A%e
2 Az AA 24¢ FA3RY. AEAFLE F
A8m, 57 1. 6mmE 71ECE 3o, AT AT ¢
X a® 20mo)A 35mm7}%] 5m BHE, bE 1amel] A
5un7tA] 1an G2 ABAFIHEA AAEF B
o o8] NE AT F7]HE 23 AAFE N5
. 29 3(b)E a=35m, b=5an¥ o] 2] §
AEEE2A, 8442 8,613M9 47 8A(tri-
angle element)$ 4,483709) A (node)2.& +
A=} gt
29 45 43 AEAFe] YA a, bE W AR
€ o AEAF {rsHe AHE YA ez A
% A& a, bl Zolel wat 130VelA 680V A
29 Mt f1E€ ¢ F AT ole ¥/ 4H
(floating state)d] AT AFe] A 39 HAF(third
electrode) 22 #43le] a, be] Zo|7l WY o
2RIV AFTAZ AEATFH Px) & gAtole] A
A4 (capacitance) 2 Fufe] W& R A3
o3 NEATo) dAH A7 {717 AR o|}.
a9 5(a)E a=25m, b=5md ] FHY ¥
g HAE vehd AoE AN gl Mo
A#L 692.8 V/mold], 1ol Ho AAZ S
70% Z 485.0 V/mol 49 & e HA AFyH
€ EAEYY. 29€ RY B Y 2ddae A
Zo] mMRE HAN ASEE & F U2H,
23 A3A2T vjFRe FAITH AR E
AA AFo) AEE & 4 o) AEAF {7144
7t Uel HA E¥o) J8E vIX I & #AY
4 9ok, 29 5(b)e AEAZ9 943 a, bE W3
NS e Hdg AAGE Uehd oz A HAA
2 AZ9 9dAld w2} 650~750 V/m FEZ
SFe7k2ol o3 A 2 A% € §rY + US€
& & glrk. AAlY Fgol glol ATAYGE AZA
F3 A e ALFH FHACIE) AL
o] WE Aol o HPPE A, AZAF
watel 23 iAo wE ¥ Qe T UAE
A8 B AFdME 2 400Ve) 22 {7 AE AL

e, Yy

€ 9¢€ + e a = 25w, b = 3md] YNNG NE

1210

o7 ARA A2de FHZHF T

(a) ¥4
hoad T T
Lod g
R0 ‘_/‘/vwn
0+ o POR———— |
,,:r”:/l i ——
~. —— e
5, @ i
g an"
7 1
ey i " i TP | "
1 2 3 4 5
b

(b) AFHAN) ¥ Ho) A A

0% 5. FAY EX 9 HOAA
Fig. 5. Potential distribution and max.
electric field

3.2 LPS(Line Potential Signaller)2] AA|

a9 63 18 T 47 AARA Mgl 93
9 LPSe W% 32§ vehd Aotk AARA
ANxde) AEAFo2REH LPSE RY=EE AFHe
& AR EZ nAH2Z OP-Ampol A3 43
Ae BedrtdsE 94 zAYE % F¥(match-
ing) & 9A A7 Aol adh

A8 Ngo 2 30~35 M9 7PAAYLE ol
gozi 48 AYy & =AY F UEE 3%



1 Hgt A&RST) |

l

I e LE L] |
!

[ R EEE TS ]
!

[ Het B2 9 AN |
L

[ LED 8% ¥ 2AREH &9 |

22 6. AHRA Ax=de] ¥
Fig. 6. Principle of potential detection sys-
tem

olg} o} JhAARE AHESE AL Hed 24 #
7] ANE BAH7) HE Aotk s LPS#
e BE 22.9kV 7t2EA AR o) FHEAF)
7] 1M E & Azgapde gold 77 & R
F&70lE Zo] T oo g YA3= U A
A%x9] BAo| WAy ot} EH dHDAE
Mol o] LPS W% 329 B § A3t ste}

A7 AAA B EEA Vol 12, No. 12, December 1999,

LPS9 axle] g8 A o 100V A= A
€ 2%le] TNRE %2 Agte] 400V AFE A
At =% 33 ARRYE Y& 299
(clamping) A#3= Aol A9 v2AFE A
Y o] &Y & JouE LPSY YYHoE di =
g 44, He3xci(6].

AEP ATAJL gojlos % M) o] 3
F R 3¢ H34E AN AF Adez d@sHy, ¥
B8 AYL oA ¥ HE 33E& AM OP-Amp
9 YJEetez it AY the]lL =(zener
diode)= OP-Amp2 23§ 98 ¥ 44y,
g Ae] 15V o]de] HYE HRAE wadEH.
OP-Amp9 71&A¢L 2.8Vels, LPSY A9
F3o| 2aEHAE W AA Y FA AYE 2 2
2 W}&317) 9% speed diode® AHE-3 %t OP-
AmpE Y¥¥E ALY 7IE AYE vindd Y
Aol OP-Amp9 71& AYrd & A% OP-
Ampd Fzto 3 &¥ Aol WEHYW, OP-
Ampd YL EWAX2EH(transistor)& T¥F
(turn-on) 3t LPS W9 B2 A7) (aux.
relay) & SAANA &9 FAo] ¥R LPSH
Bz AAYY HAF 174 LPSHA AAe LED

A vigl2Ee 4% TNRE AHE3HT. AA=z & ASAA AE7 38 JHYE BASEH AHE
-“—I——@H)
L DC 125 [V]
5 (-)
A O—wW — : .
|
A
B &—w 4 A" £ é v ’\R/ )1_* 1 |
C a—wn o *L N ~L
| ) VR % )P-A-T -~ > = — T
T | 1 : |
§ f SPeed LED
. I % Diod! ,I
e L] L]
7 e e RO+ a9
A somy 7 THC T
w23 AY To— *

2] 7. Line Potential Signallery -3 2%
Fig. 7. Circuit diagram of Line Potential Signaller

21



22.9kV SF; 7F2F A AAFA ] AAAA N=H

Ho| E & $ e HAL AHr] ® g2l A
o], AA@71e] ANE B2 A2 Fo2 §&37
A% A7 AA7) FELELE ALEET,

71Eo] A4EE v FTE AP 9w, £
LPSE 9l¥d) SZd AT E Ags) 98 98 &
Qo) FFo] asit) FITAHPA 43 WA
29t BAze] A AF R IF Ao} Hflo]l BF

FFEDT glovt gut iy Uy U EJEGHE 2

ke Aojddoz Ag3e A7 Bol £ X
A= BE AX #Ae & HEo] 53 EFH 3
7) 93] AojAYos AukHQd WF 220VE AHE3)
ok =3 R AF A 7 fgAAvg Y2y
29} xpololl ofz] FAH HAert HA AH ek Aol
WA A4t geng B AAdqME A9 H
7] 79 @Aglel AT Mol LPSY U 3=
o A" £ AEE HAUAV|E AHEE LPS3
2o 9 327} HAHERE Fo2M HAE LPS
9 7]1E AGoz Y & UA=E Adct.

33 AME % o

A9 A Nade] A 715E A3 $3 A9,
WA A, 482 WAHYE MY, SWC AlY(surge
withstand capability test) ¥& AAsA.
22.9kV 7F2=AQ A AEHINE T
A a=25m, b=3m® ANFTAITE AF & A
of 715l AE AT ARYL 383V AZ2A
Ajgeol Mol g FAxel 401.9Ve} oF 5% Ax9
atol g Hct. °]91r gol 23 A4tgte] i
apolzt v ol 234 MY AS FUAEL 7MY
&l bﬂ’ﬁ'ﬂi’-i*‘l B A F27F N =R ot
B wakel M9 Wt S mBHA| g3ty o
Fog gzZtdct, WA ANY7E o] 838te HgE
B BT AAMIIAA A7 103 SHE A, 2
ATE B8 AL AARA A=de T2 A
F3 2 Ag9 oF 60% SkVAEEA Mz FA

HE aRHoz AT + ALE ¥UsHh

EE 5kV, 1.2%50pmsecd] 3ol JEA AR
LPS #xd 34 § #3402 47 153 A7t
ANgate) g8 Aol dF Axe] JTFHE A
gon Ax EAL HE5nA SWC AEE AA3E
Art. SWC Al8-& ANSI C37.90.1 3¢ &3
5kvel Alg Agte =3 = A1y (fast transient
test)®} 1MHz, +£2.5kVY 2% AL 12T 9%
A 27tsteE AFAMA AY(oscillation surge
test) & F¥3o LPS7t 328 WAMA $3E 713

1212

TH, YR

£ AU, 29 834 29 9= Z4 & d7elA
THY 235 SWC A8H AFMA AY sy el

. oy s
L. }L
[\AQA%}\J“
> i T~
X i ==
Ny J
T
Bl - -
I ! i '
| | ) .
B | e
[ - Wave : 5.0 kV
L,A__i ...... __! ‘ . J_H_ ‘1 1.2 % B0 psec

Time 10,0 usecldiv

08 8. SWC 23x AY =y
Fig. 8. Wave shape of SWC fast transient
test

Ay

Potential © 1 kV/div

Wave : £2.5 kV
1,2833 MHz

O 9. SWC AFAA AY 5ty
Fig. 9. Wave shape of SWC oscillation
surge test

LPS9| ©riztolle ZisgR] Aojdlze MY
Aol A 2kV/1EY Bx32 HAHd A9e
AX s A Y AAFE LPSS Wi 32 A% o4
o] gi&& ¥AHA.

a9 10(a)e & 794 AL ANFA A=
d FaFe AEATH LPSIY] 4P S A% 9
F xR FFANEE MjAE AP ee date
S5 1Y AAE A8 YA A A=} A
+¢ ¢ F . B¢ 39 10(b)e 7t2Ed A
A28 Aol 23 Y] dA]¥ LPSe EgoE



Z2 ogddl 3H BAITH § -
THH &S RAEH.

&€9& A% 9A7t

!
| ¢
8
§
I @
&

28 0. AARA ALY A AR
Fig. 10. Pictures of the potential detection
system

LPSE W Hdsel 428 370419 22.9kV 7
22A AR 3 = AYT FF Hee AA
B A A=A R FAE AF Wl A F
el AL RS0 FEHI e, = A
o Wael wtet &F Fe LE Zt2EA AR A
o 2 ¥4 Aoz Ao

1213

ANAAA g2 =84 Vol 12, No. 12, December 1999,

3.3 71& Jisntel "l

€ ATE T LY ANFA A2dE AR
o }83A M2&e FA AR dF A& 7
Al R A7t FHedte] W4 FA% B Al
23 R Aol A Yo Az 5 UE Ao
21D, £ A& Fo g 7]15E 7|Ed AHEH
9 AZ BFA FAFA S} viwsd # 13 Pt

E L ANTA A 2de F8 7T 8|
Table 1. Principal functions comparison
| EERY o
3 AHHA Al2d
7 FARA AFA Al2d
HRA 2929 AN2Fo] By
- % f -
T 23 %X e g =3 7%
A2 7a : 2ol £
71 Y5 -
A2 A el 23 7H
A7) Ao (7% d& g8 H47t%
Mz 34 A& g pilot lamp
A2 30 | . -
a7 24 7% §1&| 7t (Scada/remote)
4. d B2

2 d7dMe Ad £ 48E ol&3e F3
259 LPSE FAE AARA A2"dE A7 - A
wate], 2HG #AE MNadezMe] HE sheA
2 4e g #dsut

FHE2R AEATL Ao old HA 9
o R 8Y AFE AYeE eE T2 A
stod W] % FA glo] MY e A HA
& 7o stES sen, LPSy &9 $4d8 A
e el dF3te HPL SYHYPoEH WML
A7 222 A gAY dE Wi T
Azt EHE AY EUE vHERNAT. AP R X
HEe T FARA Axde e AFAANS
o, & Axde] R 23 HHPE o] &3tE ot
o] tostA #8485 A& AR ARHY FF
23 ANFR R FAF AAZIFR By H Lo
bed Ao 7ggEct

1) Az&e H7IRMA Adrle] x2hg WA 8o

Y AR LA ER



22.9kV SFs 7b22 4 Au@Ae] AATA AN=H

2) 9y YAALFH AAd A= AT Ao
ol&

3) A7), Ash7), AMZAHRITY MAPPe

Z 88
4) 5 WAL 47 FA
5) 9AA Hx 7 e tAE 23
6) MEZ PTS diMol & AAH £

g

......... #4571, pER

(1] KR, “BERY 5 X <T 4" Izumi Hayashi,

pp. 171-176, 1996,

[2] N. O. Sadiku, “Numerical techniques in

1214

(3]

(4]

(5]

(6]

electromagnetics”, CRC Press, pp. 407-428,
1992,

dgE, “A7iA {T_AY, FFAL po
175-179, 1986.

J. JIN, “The finite element method in
electromagnetics”, JOHN WILLEY &
SONS, pp. 72-135, 1993.

Hed, FYR, ‘AF JHEHY AnBo]
AR BEA vAe e fAaisy",
A7) A B2 =X, A124, MA2E, pp.
182-187, 1999.

David. a. Bell, “Solid State Pulse Circuits”,
RESTON, pp. 5.7-1~5-18, 1992,



	f: 


