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Optimal Arcing Interval of Phase-controlled Vacuum Circuit Breaker
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(1. School of Electrical Engineering, Wuhan University, Wuhan 430072, China;
2. Central China Grid Company Limited, Wuhan 430077, China)

Abstract: Determination of optimal arcing interval is one of the problems which must be solved in applying
phase-controlled vacuum circuit breaker (VCB)to break short-circuit current. For two major periods of post-arc
dielectric strength recovery process of VCB, i.e. sheath expanding period and metal vapor decaying period,
mathematical models were established in this paper, and characteristic parameters were used to represent
breaking capacity. Influence of arcing time on these characteristic parameters was simulated and analyzed, thus
the optimal arcing interval was obtained. By comparing simulation and test results of VCBs used in 10 kV and 35 kV
power systems, the validity of simulation was proved.
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Fig. 1 Decaying period of post-arc electronic current

FAI B B, BA RS B W6 A Y A ) PR 3 7
EAIAEIE B e S RS T A48 P
KLl 3, 7 A F T S e B G P R R T AR

WS R R T, B 4 2 AR B R,
FELif 52 40 1) LU AGI R R, R 2 B AU A 2 G R 07
n=l-e """ (10)
Vi =17 * Vhermat F(1=10) * Vot (11)
V5= * VipermaH(1=77) * ¥ g (12)

X (10)—-(12)H 2y Ay L fif 22 # FEAGI R 55 NV, R b

1 /\}%%%%ﬁ:{ﬁﬁ vl ﬂ‘:’ %ﬁiﬁiﬂ%ﬁﬁ sVifVis
U thermal ﬂ‘j IIZ:[@ ;XEEE 5V cathode

O30 PR T

Sk B AR 5% 5 14 B TR T 5w s N PHAR 2R R HE 1 42
WU
1ER(6)H, G AR 18 5 1 5 T 15
OzgrﬂDakU%m%m+Ngme (13)
AR,
N _1-7m
N - n (14)
B2 30 (13)  (14), n] AP 48 5 AR B 2 cp
UA1H Nip N 53514
Nyp= A A )
(v + 1-n vy ZewD? n
Nyo= g (16)
(v + -7 vy)ZeD?

w0 N i, HRAE 2 (5) 7T X B8 1A B 43 8K

KGN
:&ﬁﬂt , RIpR he s B 1 R AR B N N, O

Eﬁ?ﬁ%

pit
1)

_ =1y 2
Ni=Nyp eXp(—i)(AMP 2
Ts gap

+1) (17)

N, =Ny exp(-Zoyamp—L_+1) (18)
T ap
A7) .A8)H 7o, 43 A PR 18 B TR AR 4y

B YN ) AR
1.1.7  FFiTRe A A5 A R SR A

SCI14142 H T 2 (] BRI 85 )2 & R o B i &
BRFNHE - S B 2 1 L W B, ol RE I T R 2
Py BEAIG FAE , itk SR A E, Py R FRAE LA W
PR A2 R B B T BT RE ) L E, Py R, JF IR fE
F1N E, Py R 2

E :2\/ M(\/m Uy (19)

Py=N, v, <M Vi } Ze i)+ Ny m( UL Zetumy) (20)

12 ERESEBME

MG T R e, AR Al R 2 Ak
WS B AF 00 A Jo 5 R IR A T )2 TR B Be (PR
PR B BB ES R T 5 2 5 & )i 28 AP iR Rt e AR
FH, BIaE A 4 Ja 28 S dal B B 81, S 18148t 21 H iy
H 1k HRAE Paschen 42 (B 25 Wt 6 &% 19 o 28 FL R
H5&BAEREE N, ffk I gap WP N, gap
U B U R i R SRR A B O
W, 7Efi sk AR R Cu 5Y CuCr B, 3C[19-20]4 Hi Y
Paschen HH £k 55 A% 55 6T N 0 NV, - gap (I A AN A, 53
IO 1.7%x10%° m™ F1 3x10° m2, KL, KM N, gap
O A L 23 T % 4 1 4 JA 28 U U o B 1 L B
WIFWrEE 71, 7E Paschen HIZE 1 422 32, N, - gap it
K, FFWTRE T8N

& BARSEE N, v 1 (21)R 520

N,=(SIB)exp(-Bt"){1-exp(-Bto)+

B [1—exp(~(y- 21
Ly li-exp-0-B)) (21)
X (22)
0 O<i<t,
S= So LW<i<t, (22)
Soexp|—y(i—t,)] H<i<®
S0= 200 = (B2
D thermal Z ci,Ai
B (23)

‘QnQ$¢G%@%%%ﬁL$hﬁ@%
FEWTH R AE s M R R s Vo B [ R AR R
R IR 85 A H R T Ry HE SIS PR R 2 T TR e ﬁﬁﬁ
W KM EEREGA, NV ML Ly b &
B0, i Sk 53 B B 2 5, b HICHR I O R A 0=
b=ty , FIPRORAS [ 5 ¢ =11, , P35 Bk 221



-4 . 20124F 8 H

Eudx

Fasts sl

2 MENMRHREIENBREESHTEERR

FeT 1M EE Y B 5 T A S A R
A T FE R B AR | FE PSCAD/EMTDC Ayt T
R R S B R LSS A HE R WL 2,

i ¥ D i
! [o ) 7 G e 3 ) e 7 !
| e e —— i [ % sl [gap) | |
i R, |toxr [y E—h Ll N[V :
AN Ll s L wmE ;
D[ X R ey §7ET

: v, Vi 1 — :
i NS Nf '
L S wnanas i
LN« gap it 2 SOS Mo B 3 &5 I BE B :

, e Z, M, AMP, D,
, gap,, bz, bz, v,
’ F’ Veatnode? Vanode? Te?

o G M, kT, ¢,y
B2 EZTWEEE PSCAD/EMTDC % ! 45 #41E E
Fig. 2 Structure diagram of VCB model in PSCAD/EMTDC

B B2 W B #s 19 PSCAD/EMTDC BRI 5 | A 2] &
3 TR ML ) R G A B RO, T AT AR TR &R
B SR BLZS WA 1 T W Be ) B s e IR 2 A0
BRORE )55, &3 U, ol FR G0 e (6 1 25 TR
PR EUE LR U); Lo S E T (BORT U, F1
W I % A0 0 T % T BT EL IR 1) 3 R, Cy, N B 2R 5 TR B
55 R h st W RE

N
L |

L
o

v

T 9

3 BARGEREHERE

Fig. 3 Equivalent circuit of short circuit in power system
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2 EZWMEREFEAAHNEMEESH
Tab. 2 Other constants in the model of VCB

&o/(F-m™) elC VA M/kg AMP  ty/ns
8.85x1072 1.062x10™" 1.3~1.5M 1.062x10* 5™ 100!
I' Vs vya/mes’)  mlps T /us Glipg-C)
10787 5 000 800 S 25 120=
Mikg  E/(J-K™) T/IK ¢ vy —
1.062x10% 1.38x10* 2 000" 122 2.88x10* —

U./kV U./kV I./kA gap,/mm gap/;mm bz, bz, Dymm v/(m-s™)

10 12.0 25 6 10 0.64 0.81 60/75 1.1
35 405 2025 15 25  0.64 0.81 60 2.5
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