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Analysis of Small Current Interruption Performance
for SFs Gas Circuit Breaker

& OB R IR B HT R E TR s
(Hong~Kyu Kim - Ki-Dong Song - Jin-Kyo Chong - Yeon-Ho Oh - Kyong-Yop Park)

Abstract - To analyze the small current interruption performance for the gas circuit breakers, the gas density and
electric field intensity should be calculated. In this paper, the FVFLIC method is used for the gas flow analysis and the
FEM for the electric field analysis. Then, the dielectric withstanding voltage is evaluated by the empirical formulation or
Streamer theory. By comparing the calculated dielectric strength with the test result, it is found that both methods show
good prediction capability for the small current interruption performance. Especially, when both methods predict the same
interrupting performance, the prediction is in accordance with the experimental result.
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Fig. 1 Structure and interruption principle of puffer type GCB
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Fig. 2 GCB model for cold gas analysis
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Fig. 3 Comparison of pressure rise in front of piston
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Fig. 4 Prediction of small current interrupting performance
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Fig. 5 Points for the calculation of dielectric strength

29 6& el A48 AuP RUS pdFo), @t
S48, (e FTBF2E 949 a7l

L \fé%?

~—*

(a) =4 Xteho|

- "'\Hm\f
f

b) =55 wy Reh7]

ag 6 dME R DY A
Fig. 6 Geometry of analyzed GCB mode!

7t Apalel YA thee) A

vV = 145kV x f 10)

Q7bste) A4 2 07914 AP E(restrike)7t dojd o
] & AFA olFAAZ Tu® dF 7}
&l 75t1, o] A#E A Axset vt
AF g T Mg FAY A (8l AAs] Aol
o] o7iME A a2¥ 72 Ao AE&d A7y
A2 B Fo, A Z7ldE F 13,0007, 2¥x AFe)
ZE2& AvE Ao o 15000718 2471 AHEE%e
aAHola HAY A fE5EAl Fasiy] die] o]
At 2U¢ 248 S
d 82 I Aurlo] wejA Add dAWEH &
ZHAGE mme Roltk Iy ()T AZMEY HAA V. =

B~ P I A=A SO T

SFe 7bkAXtch7iol TR/ Richd

or
ok

1

Trans. KIEE. Vol 55B, No. 10, OCT, 2006

327 kV, oFFZAIZt Tae = 34 ms$l AF0l9, 2@} 2E
gln] o] g o =5 Ao AIHEUET =
el SAF Adel 438 A0z s, Add
SN E dAgast SAEA g}t

aYPb)e /MY FJ3ZA Ve = 371 kV, okAAT Tax
= 314 msQ ASelH, F 7HA HA R AL o3 =
T AQUIHe) AZMAGRET *2 ARl 3o 2AF A
of dujg Aoz A4F, AA A APAHE F 20ms
FoolM AHZIE BAsAh o AFE aFelA B
Aol AzkAgR Tt Yol 7] Azate AlA %
o},

¥ 7 eAeREr
Fig. 7 Mesh diagram

800
700 ——— Applied voltage
500 ~—4— Vbd from empirical equation
_ —A— Vbd from Streamer theory
>
=3
2 400
8
2 3w
200
100
0
14 16 18 20 prd 24 % 28 30
time [ms]
(@) Vo = 327 kV, Tac = 34 ms
800 -
e Applied voltage
209 PP R
—&— Vhd from empirical equation
s
e b Vb fromn Streamer theory
g 500
3 40
2 w0
200
Hiy
0
2 15 17 19 2 2 5 &t Pl
Time {msl]

(b) Ve = 371 kV, Taw = 3.14 ms

a3 8 ol QASMeY v

Fig. 8 Comparison of dielectric strength and applied voltage

531



BRPEFWNE 55BF 103t 2006% 10R

12 AY 2 40l % 21 Aeds ARE N
fa Aolth. oi714 ARAAA oolw AWEIE AoliA]
s—;-g 35ole, ol AAEA Yojg Agolrh 2z
Fot ohe Aoz Adns dduzs Azt 4oa
Aole) Hagte vhepdn

S de_Vap
F4, = min Txlw [9%] an
ap

b Fo 8ol &9 gto] S dadde] a4 A7t
drok EA Ho 2HF AQd A¥se A
o] 9 AFII dojvte Ao 43

E1oA BXo]l ZPYFH 2D o]&4 BF &LAF
Addses F dFsn dey, AFH9 BS Voot 345kV
A Bl A BFog AFHAAR AFdAME APE
b gAstgen, 2EY o4 A VoIt 347kVY 7
T+ AGEAZ A Fo] HPAL APelMe AddTd 2
F7} vgkeh A% F By 2% o3 ¥ 10% WelA
24F A Asg 45 F UFE ¢ F AT

H2E BEAS 34 Agr)e s A 2 e 9

l)l'

o

& 2AF ADSE vuF Ao, B Aar|e B4

S BAAAZ 10% o) SAANN ABHFS F of

2% 5 988 & 5 Uk

E 1 A" 3 siMdoll o8t 28K XiChd s bl (zhy
4 xtek7))

Table 1 Comparison of small current interrupting performance
(Puffer type GCB)

0 [s)
Ve [kV] | Tae {ms] | A1 23 (F;gb%::]) (:; \54/031)
327 340 o 102 01
345 270 x 1.4 77
371 3.14 X -43 2116
347 3.29 o 31 -63
374 325 x -44 -13.1
E 248 ¥ shMoll o3 AMF KNS BT (BY

A5 ghal XCh2))
Table 2 Comparison of small current interrupting performance
(Hybrid type GCB)

% %
Ve kV] | Tue [ms] | A% 23 f%"ég]) (_f_d_}‘;_;j“
326 1.79 (@] 119 1.7
351 1.94 X 35 -5.1
334 1.92 O 85 -1.2
% 13 2004 wEo] ABA} A0 oeAe An}
2% AU4Tes 2878 Ad AUAE Atk AT
o, F oy RE A9 Adz 2w Ao A
Ao A ¢ & ek webA Au) 27 Ae] T 3y

A
PR

RN

B =R AE SFs 7t& 2979 AAF 2
&4 FVFLICH 93 Witz §EHAL 53
el oa] HA AVIE FF F FEAH 2E
44 g Ay AdHE FHEsgen, H94y
Bas g Auvled H&te 23T ABAF 3
AE=E AESAS FAdUFS Adss F Uy
10% x84 oM 2347 AdAES 428 5+ 9
o, F Uy 2F A A2 oZEHA A AGAHE A
W37k 2ARTE d& #9039t FVFLICELS 4%
CFD Sol Ml 14 Alzte] w$ @7 W] 2o 2
Ao o3 AAWH A N3 2Ee A}

oX
)' o
£
]

fs
= K

0

1]
=

39 Foow
lo 41 to

k

W, 28F Avgsel $4D Auy g4 A s
o, B3 Aw7] AL Aol 22HE AT N10E BEHD

NS 2Y F AE e JigEn

it}

o2 o8

{1] Kunio Nakanishi, “Switching Phenomena in High-
Voltage Circuit Breakers” , MARCEL DEKKER,
INC., 1991.

(2] 5715, o188, 244, ¥8F, “21¢Y SFs 7t=Ad
719) 2AF AGAT A4 Zle I, d@dAds)gs] =
¥4 Vol. 50B, No. 7 , pp. 331-337, 2001d 74.

(31 &71%F, ¥ &, 4y, HAF "1 SFe 7t=apd
719 &AF AddE @Y 7]5 II”, Rzt =
A Vol. 50B, No. 8 , pp. 384-391, 20013 8.

[4] R.A. Gentry, RE. Martin and B. Daly, “An Eulerian
differencing method for unsteady compressible flow
problems” , J. Computl, Phys., Vol. 1, pp. 87-118, 1966.

[5] Y. Zhao and D.E. Winterbone, “The Finite Volume
FLIC Method and its Stability Analysis ~ , Int. J.
Mech. Sci., Vol. 37, No. 11, pp 1147 - 1160, 1995.

6] 71%-_% )\]Ag, zhﬂ_u_ 71‘:H :147]03 “Puffer?d) ot
7] Wl Wrka /%5 4 EH‘?Hiﬂ?i}?] &4 Vol
48B, No. 7 , pp. 233-239, 200003 4¢.

{71 J.Y. Trépanier, M. Reggio, and Y. Lauzé, “Analysis
of the dielectric strength of an SFs circuit breaker”,
IEEE Trans. on Power Delivery, Vol. 6, No. 2, pp.
809-815, April, 1991.

8] #71%, A=, AZH, “AaR geo g ANF
A v, qieArgs] =34 Vol 55B, No. 7
, bp. 362-368, 20063 74.



Trans. KIEE. Vol. 558, No. 10, OCT, 2006

A E T (2P g uw (8 &%

196934, 19958 AM-gd gd A7 TS 196734, 1991d Z¥d o A7 FES
EAEAD. 197 A& S A7 EEF EA4(AD). 1994d Zdd Td A58
Hahd 24D, 2001d AMEd s A ekl AN, A F=H71ETE A

712 dadd 24FEGA. 84 &5 AIANNATF2EF AGI T4
7197 AAFV AT aF ALE T4 =Rl ] Tel : 055-280-1564

Tel : 055-280-1568 Fax : 055-280-1589

Fax : 055-280-1589 E-mail : jkchong@keri.rekr
E-mail : kimhk@keri.re.kr

2 d s (R F ¥
1991 Fotth FHA7I &3 EHEA.
1993 Fotdl A7F herd EHX
AD. A §=71d7E dgdTae J4

71 (X EF

1963348, 1988 Qlsl) =of Ar ¥
9. 1990 d3t) diEd " &
A, 2003Q F4dh ikl Ay Fsa g717|93 a8 MY,
E(FgeAh, @4 gFA/ATY 4A . 8 Tel : 055-280-1566
71713 aF HdadTd. Fax : 055-280-1589

Tel @ 055-280-1563 E-mail : yhoh@kerirekr
Fax :055-280-1589

E-mail : kdsong@keri.re.kr

ub A Ao (A W oHE)
19574, 1979 A&l Fu A7E
2¢]. 19939 9= Liverpool o8 Wgrd
A713EH EA(FEYA. dA @77
A7 AAAVNIEAFAEF 2EZFHYEA
T4).
Tel @ 055-280-1561
Fax @ 055-280-1589
E-mail : kypark@Xkeri.re.kr

SFs ZtAXtctr| o) 2T F7 Xtchy

olr

EES 533



