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Characteristic Analysis and Simulation of Power Capacitor
Breakdown in Shunt Capacitor Bank

LIU Wen-ze, CAl Ze-xiang, FENG Shun-ping
(South China University of Technology, Guangzhou 510640, China)

Abstract: Shunt capacitor bank is the major reactive power compensation devices in AC power transmission and distribution
system, 10 kV frame type high voltage shunt power capacitor bank is commonly used in substation. During the practical
operation, the breakdown fault of capacitor internal component is the highest ratio shunt capacitor bank faults. In this paper,
according to the widely using 10 kV shunt capacitor, it is analyzed the breakdown discharge quantity during the first serial
and second serial capacitor internal component breakdown in the operating shunt capacitor bank. Also, it is calculated the
change of breakdown transient voltage, and estimated the peak value of discharge current. The capacitor component
breakdown model is built in the EMTP, therefore, it is analyzed the discharge current peak value influenced by the
equivalent circuit parameter of the breakdown model. At the end, the comparison is given between the simulation result and
the fault record data of the shunt capacitor bank. It is certified that the correction of the breakdown analysis and validity of
breakdown simulation. The analysis result could help the real-time supervision and fast location of the fault capacitor.

Key words: shunt capacitor bank; capacitor component breakdown; discharge quantity; breakdown model;

discharge current; fault record

R , , 30 um,
, 66 MV/mm,
) 3] )
(.2 o 110kV ,
220 kV 10 kV o , ,
, 10 kV 1~4 ,
:2009-06-01; :2009-08-13

(1973), -, )



<74 - Oct. 2009 High Voltage Apparatus Vol.45 No.5
, 10kV
\ s 1 J
O Lo b
, 10 kV
6 & Mvar, TEENEREL R
TCT T T T TTTTTT
334 kvar s - N
Al~4 Bl1~4 Cl~4 CT A5~8 B5—~8 (58
’ 1
o 52 A,8
416 A, 1
’ =420 A, k=6%,
V3o, , CRSC=48010-6 ) ) 24 m, R=2.839mQ( )
, 4 BRW-10/79P 1=79 A, U=10kV
C=26.36 uF,U=11/\/3 kV,
) BFM11/\/3 -334-1W 0,334 kvar. FRER
) 8 1 )
51%, 2. 2 ,C=184.8 pF,
’ 7 ,C,=105.6 pF,
A A ,C},=35.2 }LF,
, EMTP 3 (61
C, v,
’ 9 U C“ P
i GF
1 2
1.1
220 kV o U ’ °
220 kV , ’ Ve
Uc,
110 k 10 k . 1= 1
0kV 0kV A, ()
SKFSZ-180000/220, V=2245 V., c, ’
180 MV-A, 10kV 10 4
Vr 00
y 8016 kVar, C” [6] ,
24 , -
1 10 kV 0= J idi=(v,—v )(C,+7C“C" ) (2)
° T 0 T g T g Ca-'rcb
; S 0=0.303C.
L., cF C C, (C, )
JAL~4 A AU
1~4 : SN c
AU=—"(v,—v,
CT o U Ca+Ch (V% V> (3)
1, AU=359 V,
1.2 bl b

[5]



2009 10 Znéx 45 5 <75 -

Qr=1—irmAt (4) , 9.8 ms,

2 22
iml b
2, [9,10]
[o}

2 ) C ,

At /ms i kA C o

0.2 3.03

0.3 2.02

90°, 0,

0.4 1.52
, C 98 ms
0.5 1.21

2 EMTP

2.1 EMTP
EMTP H W Dommel

’ ’ B.C.A
’ 392V,

1200
1000 F
) 3, 800}

:®U 600

400 +
174.8 kV, 50 Hz;@ YN,yn0,d11 ool

, 220:115:10.5, ol——
180 MV-A, ~200, s 10 15 20 25 30
180 MV-A 90 MV-A, ; -
@10kV 10.5kV, 10kV (a)

1200
1000 |
800
600 1
400+
2001

I/A

I/A

-200
9.0

t /ms



76 -

. Oct. 2009 High Voltage Apparatus Vol.45 No.5
23 1119.19
800
b s <
= 400
b
9uH, , 0
-335.354 : . . : : . : "
o 449 500 540 580 620 680 720 760 801
t /ms
9 3 b
6 Cg
3 o b ’ ’
s o 1200
800
< 400
3 = 0 |
-400
Q i /KA -800
197 300 400 500 600 700 800 900 1002
0.10 1450
t /ms
0.15 1293 7 G
0.20 1164
0.25 1025 , 0,
0.30 967 2 ms,
0.35 890 , 1050 A N
0.40 825
N b
o
3
1200
800
<
, ~ 400
0
-400 . : : : . .
s 605 608 612 616 620 624 628 632
. N t /ms
(| 10 kHz, 8 G
o 6.7 4
C
) o 6
Cy 552 A 83.4 A, )
b b N
5 ]
75 mirl y Cx )
1344 A, , )
200 ms y ’ o
o ’ ’ ’ N
Cy 53.6 uF, N
H CS ©
b
[1] , , .
o
J]. ,2004(9) :10-13.
, 20ms i
[2]  RAMASAMY NATARAJAN. [M]. R
’ ,2007.
740 ms o [3] , ,
8 , ( 79 )




2000 10 Enéx 45 5 - 79 -
(2) ,P(AlB) B; (4) B;
’P(Bl) Bl Xj Z<x,}’) )
’P(A |BiBj'”Bm) Bi ’
sP(BiBj“.Bm) ’
o o
’ 3
b
o
9 o b
b b
b N b
o
5 o
]
) 4 (x J’) ’
B; , (1 , . ,
1. ,2003,27(11):65-68.
P(BIA )= PAIB)P(B) (3) U]
' P(A) 2] , , .
[J]- ,2005,29(3):61-64.
(3)
(x.7) 3] ) ,
2Ly ’ ], ,2001,27(4) :35-37.
s [4]  WIGGINS C M,WRIGHT S E.Switching Transient Fields in
z(x ,y) Substations|J].IEEE Trans. on Power Delivery,1991,6(2):591-
600.
]
[5] ) , . [J]-
’ ,2003,18(3) :42-46.
° [6] . ,
X={X,UX,UX;UX,}, , Bi [l ,2006,60-61.
X.(j=1,2,3,4) z(x,y) [7]  MEHMED KANTARDZIC. - . .
j Y
p(xB,)=LBIXDPLX;) (4) M. ,2003.
j P(B) 8] , . [M].
,2003.
(4) ,PX|B) B; A
[9] , , . [M].
z(x,y) s P(B;) B; H
P(X X P(BIX 200
(X5 j s P(BILX;) [10] CLAYTON R PAUL. [M]. : ,
X; , B; ° 2005.
( 76 )
[J]. ,2005,31(12):18-20. Banks on Substation Surge Environment and Surge Arrester
[4]  MARTIN BISHOP,TIM DAY,ARVIND CHAUDHARY.A Applications[J].IEEE Trans. on Power Delivery,1996,11(4):
Primer on Capacitor Bank Protection[J].IEEE Trans. on Indus- 1798-1 806.
try Applications,2001,37(4):1 174-1 179. [9] . [J].
[5]  CYGAN P AND,LAGHARI ] R.Models for Insulation Aging ,2005(2) .6-8.
under Electrical and Thermal Multistress [J].IEEE Trans. Di- [10] MICHAEL L GASPERLLife Prediction Modeling of Bus
electrics Electrical Insulation, 1990,25(5):923-934. Capacitors in AC Variable Frequency Drives [J].IEEE Trans.
[6] s s . [M]. on Industry Applications,2005,41(6):1430-1 435.
,2006. [11] CHANG GW,SHIH M H,CHU S Y.An Efficient Approach for
[7]  GREBE T E,GUNTHER E W.Application of the EMTP for Tracking Transients Generated by Utility Shunt Capacitor
Analysis of Utility Capacitor Switching Mitigation Techniques Switching[J]IEEE Trans. on Power Delivery,2006,21(1):510-
[C)//the 8th ICHQP’98,1998:583-589. 512.
[8]  Working Group3.4.17 of IEEE. Impact of Shunt Capacitor



