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Cause Analysis of an Explosion Accident of LW15A-550 Circuit Breaker
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2. School of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: In high voltage transmission system, filter plays a very important role on no matter suppress the
harmonic, but reactive power compensation. Therefore, analyzing the causes of filter failure is of great importance
for the safe and stable operation of filter in the future. First, the common fault type and its characteristics of AC
filter circuit breakers are summarized. Then, based on an explosion accident of high-voltage circuit breaker in a
DC converter station, the causes of the accident are analyzed, according to the fault record, field test and
simulation, the disassembling inspection and so on. The result of the analysis shows that: the capacitor has
insulation defects, a large potential difference exists between the grading capacitor and the static contact of arc
chamber, which lead to the discharge trend to the capacitor because of the high field strength of static contact,
eventually led to the occurrence of radial breakdown of the capacitor and the interrupting porcelain insulator, and
then the explosion. Finally, some effective corrective measures are mentioned, which would prevent similar
incidents from happening again.

Key words: high-voltage circuit breaker; explosion accident; arc chamber; radial breakdown
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Table 1 Four common failure types and features of circuit breaker
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Table 2 The events of failure process
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Table 3 The test data of three-phase grading capacitor of

fault circuit breaker
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Table 4 The relationship between pressure and time

A= S R /MPa I ] /s
1 0.60—0.55 0.0~15
2 0.55—0.50 1.5~3.0
3 0.50—0.45 3.0~4.5
4 0.45—0.40 4.5~6.0
5 0.40—0.35 6.0~9.0
6 0.35—0.30 9.0~12.0
7 0.30—0.25 12.0~16.5
8 0.25—0.20 16.5~21.0
9 0.20—0.15 21.0~31.5
10 0.15—0.10 31.5~43.5
11 0.10—0.05 43.5~72.0
12 0.05—0.00 72.0~372.0
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Fig. 8 Static contact of interrupter
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Fig. 11 The NO.1 discharge point inside

capacitor cylinder

6 EWEESDHT

R 48 115 SC BT 43 BT 1 8 L A8 T 06 U8 i T O T Ik
SR RURE £, T I AR SR R R A
il 52 5 WK F ; QB EA G AE 7 b  BFF &4
B EGE 2 IR G R

ISR I B 7 1 R T, 76 8T I #5 WT TT 8 ms
BF BT — R R LR SR S B S 05 Z 5 7E
W i T T R 24 12.2 s BFHBE TR {E 24970 20 kA 1Y
kP, 2L 60 ms A4 R 8 183 A HYFFZEH
T, VA IR £ 5 R A I R O M | mT LA
HEBR I O 22 T 9 5, A AR i B BE JS
A A 50 R R I R LB — | R T
i A DR I A% 00 0T 1 B0k Sk g M Sk B34 B B AR
ThEE G, X N7 1) S 2 A RE A R TR K A R 5 5
XoF AL 65 T B g B M PR S AR AT TR TR AR AR
R B AR R A IR R B A B T B SR
HL P AR IR, A ke B A S P AT AL o 15
24 WBEA K& BN fph Sk FE 3 il Sk A, BRI 06 4 R
A M SR B IR . AR SO B iR R AT
R R Q@ AT LHER o 281 X6 AS 7] W i o e s
BURE S A3 AT, 25 A SO B35 R i S SRk D A B R AR
@ A 1T g B0 S B R A

AT AR I = SR Ul s B i AR 43 T IR O
I W7 = & A T T U R Ao R O 43 B O DR
T U RGEARYE IO TR H B YIBR 592 52 it U8 U %
Ja , 16 0 B %1 (01:35:08.473),592 JF 3¢ Bk AH A7 H #H
8 ms Ji , I Bk B M B L0 19 kA A4
B, LR 20 1.5 s I, H B SF, AR AR | MR 40 )
T [ i R T 1 2 S AR I U R R AT AR
BYZE AT, B 0.60 MPa Z5 4L £ 0.55 MPa ¥
IR 24 2 1.5 s PRI AT 4R BT 78 90 2 4% 284 K A 7E W
PEARWTIF AL S 8 ms I, A IE AL 1755 1 IR e
TE A AR R 0 i S B A 2 v R DT

IR TR A AR IR I A T B T R LA R
T HL BH T 5 80 AR B T2 52 M), 4 2% 0 B e ] 22
CRFHEGZFERE, W REY kAR ER &
o WO 28 Y R L AR AR 5 IO Z M R AR
] i 2, 51 & il S X K 9N 28 % A P RE AL, KA
FERERELG, FBEEBEX ER T8 1 KK
CERTRIEN

PR ZZ) 3 s J5 ,592 TF KB 554 2, R
5 XoF VBT 1% e B BT 1R I AR T U R R AT
LR 25 5 AT 1 SKFg e 71 R B 2 0.50 MPa 119 5] 1]
290 3 s IR G S R WL, 2912 s )5,
SR U LI 7 0 IR O LR (M B R 270 6 kA),
223 60 ms L 180 A MYFFLHL I 5 LA B T 592B
HH L A0 # flh Sk AR 8 A 25 P, Bl Sk A R R A
IRER I AN E Bk, B R T W A R S AR
2R R BT B R i ) F R A R 2 H R R
VE VLA AR LI R E N, YRR R (AN
450 kV , JE % 2S00 L SR —450 kV B SR O fi Sk 7]
BRI AT 8 kV/mm, fil 3k 0] B 9T 28, &
A LR S AR K R FE R RS E Y S F B T
Jo W AR AL S R RS L 183 AL R4
it 3 s SR, DR AR F T A AR 1 B, &
230 ms BEZ R RO SN, Bk T R 20 52 i U8 g 2 i
LIPS IS PR TT K,

ZEA LA LM I Sk VR B 1 TR Oy L 38
L2 4% 5 OIS i Sk (R AE AE KA HL A 22 ) LA
A AR ) 28 % 0 N S B0 i Sk 3 TR A e A AR
AR EH RASBHRERMIONE EE5%
Ja RHER NS B EERR,

7 GiE

RIEGET PR R i ol 25 4 G 1 TR
AN O A = At i RO 7EAC s AT T
T T B A 0 A Y A X A 8 0 3 R ST AE
T BB AT o3 R BEOX I U BT B 4 1 T HL A A B
Wi A% K B B G, 25 A e s I i, B
LR @ iU i«

D T B s T TOL T BRA T RER S th T
1 22 S Bl o0, XF IR i 4 1) 42 axis A7 i R, AT
KRG ED R A TN EINER R A, IR
YK 7E M A0 2 15 T B 5 3 v 37 2 A

2) TR I R T BB S B e =
R Z P RE ,  DRIE RT3 5 389 0 W i 45 K B <
PR T LB I AR H g 6 e A SR By X
Ay BB I 32 B8 1 2EAT A S I B 96



184 -

201647 H

Eudx

M52 T

3) A X W S ALK E B B mR RTV B

15 INURRL, 2 g L A A 21 By 15 TN g

4) T i X6 O 5 I B i T A A0 SRS T AR X A% 4

F14 36 R0 1 A SR, P R O 4R R B O e
B AT Y AT R

S UMk :

(1]

(3]

[4]

[5]

9]

PRI — 2 52 B TR I A% 400 S 0 mt DY 20 7 M A i
HE[T]. B4R 2014 ,38(5): 1328-1333.

CHEN Canxu. Analysis on cause of an accident in AC/DC
hybrid system and rectification measures[J]. Power System
Technology,2014,38(5): 1328-1333.

RN Jl B30 B IR, 5. — il 220 kV SF, Wi % a4
S K SO i B A K O AT SRE(D). R R R 4%, 2010, 46
(1):89-92.

YANG Libin,SIMA Wenxia, YANG Qing,et al. Simulation
calculation and analysis of an explosion accident of 220 kV
Sk breaker|J]. High Voltage Apparatus,2010,46(1):89-92.
W W BRI AR AL 550 kV I I A IR R 43
Hr[J]. = FEHLEE 2013 ,49(12):80-87.

XU Yang,CHEN Xiaojun, LI Fengfeng, et al. Typical faults
analysis for 550 kV circuit breaker|J]. High Voltage Appa-
ratus,2013,49(12):80-87.

By, H AR LW6-220 R I I 25 4 G RAT 1BV
AT LR 2014 ,50(11): 128-132.

MA Hutao, HUANG Zhangqgiang. Falling-off failure analy-
sis on insulation lever of LW6-220 circuit breaker[J]. High
Voltage Apparatus,2014,50(11):128-132.

oW E SO, E B, RO A R bl g R
40.5 kV I8 i & 48 K O B 800 BT[], = HLER 201248
(11):107-109.

YANG Yang, HUANG Wenlong, GUO Rui,et al. Analysis
on explosion of a 40.5 kV circuit breaker for switching series
reactor[]]. High Voltage Apparatus,2012,48(11):107-109.
SRR, —if 500 kV SF B 5% 5% B KE JE 5O ] = R
A% ,2013,49(2):135-138.

GUO Shuyong. Analysis of an explosion accident of 500 kV
SF, circuit breaker[J]. High Voltage Apparatus,2013,49
(2):135-138.

LINDQUIST T M,BERTLING L,ERIKSSON R. Circuit
breaker failure data and reliability modelling[J]. Genera-
tion, Transmission & Distribution, IET,2008,2(6):813-820.
F IR e R P 500 kV SF, W s k 0E
J R ERT[)]. = R #,2012,48(7):99-104.

WANG Langzhu , JJIANG Yan. Analysis of an explosion
occurred in a warm stand-by 500 kV SF; circuit breaker|J].
High Voltage Apparatus,2012,48(7):99-104.

JEERAKR (L O MM 4R — 252 kV SF, W A% 5 I
T I o3 B S AR [T, 5 LR 2011 ,47(2): 72-75.

[10]

[11]

[12]

[13]

[14

—

—_
—_
1%

—

[16]

[17]

[18]

TANG Yuelin, WU Ping, XIE Lintao,et al. Analysis and
treatment of a closing fault of a 252 kV SFy circuit breaker
[J]. High Voltage Apparatus,2011,47(2):72-75.

G2 W BECIR . 2 SFg W B A% N2 5% AF 19 It B 2y
HrJ]. i SR 2007, 33(6) : 189-190.

YUE Yanfeng, HUANG Xingquan. Analysis of an explosion
accident of arc chamber of SF, circuit breaker[J]. Power
System Technology, 2007,33(6):189-190.

ot A WL IR A AFL 500 KV TS A% 8T 1 2R
W 5 77 4P 4 Bt 23 AT (], i R LA, 2013,49(3) :59-63.

XU Dangguo, LI Yu,SUN Yunsheng,et al. Research on
breaker breakdown and protecting measures of 500 kV
circuit breakers[J]. High Voltage Apparatus,2013,49(3):
59-63.

JEHESE PMET VL. 500 kV I OCH5) He o 25 0 K SO BT (D).
o R L2 ,2005,41(3):231-233.

TANG Shiyu,SUN Yujiang.
capacitance explosion in 500 kV circuit breaker[J]. High
Voltage Apparatus, 2005, 41(3):231-233.

B B S ST AL TR I 2 e A AR A AR
95 EL 43 A S A SE[)]. & i AR, 2005,31(9) :34-37.
ZHOU Li, TONG Xuefang, WEN Xishan,et al.
analysis of the reason for the explosion of the breaker grad-

Power System Technology,2005, 31(9):

Accident analysis of grading

Simulation

ing capacitor[J].
34-37.

RV B, T i e 1) 5 O 066 H e 4R A TR IR 23 T (). W T
15 ,2003,24(5): 10-11.

CHEN Xigeng. Analysis on explosion causes of circuit
breakers during cutting on/off reactors in parallel[]]. Elec-
tric Power Construction, 2003, 24(5):10-11.

R B R IR HL )T AR (] LI 3 A TR A R R
PR RS, BT R G S 1,2011,39(9):72-76.
ZHANG Ailing. Study of control and protection strategies
for Xiluodu-Guangdong double HVDC systems erected on
the same tower[J]. Power System Protection and Control,
2011,39(9):72-76.

ool A MR AR LA T B A AT I A
i A A K B )] R AR, 2014,40(10)
3193-3198.

WEI Xu,ZHOU Zhicheng, XIE Tianxi,et al.

protection against overvoltages caused by vacuum circuit

Analysis and

breakers switching on shunt capacitors[J]. Power System
Technology,2014,40(10):3193-3198.

BN VL B A5 S BT A 4R il B
30 3 T OGBS /3 M (D). = R FL AR ,2015,51(2) : 141-145.
LI Jinbin, QUAN Jiangtao,CHEN Jun,et al. Fault analysis
of circuit breaker in a converter station based on switching
coil currentqJ]. High Voltage Apparatus,2015,51(2): 141-145.

PRI BRUERE A B R AU P AR A L R

(F#% 191 7)



HARBIE

SOKREE, NG, M4, A LTSRN GIS Bea IR Mk 574 70 - 191

50-51.
[16] #4553 B A, K. SFy JF XC B0 & A T S Ui Ak 3
P 2 BR[T]. w5 R AR ,2010,46(5):92-94.
TONG Zhiyong , ZHEN Li,ZHANG Yuanchao. On-site
practice on SFy switchgear leak detection and the leaking
point treatment[J]. High Voltage Apparatus,2010,46(5):
92-94.
[17] =243 A0 W Bk OF. R & SFy AUt I A
77 LEEL(T). e J7 AL R HE AR, 2013,7(2) : 54-58.
YUAN Shigqi, DAI Zhou,CHEN Fang. Comparison of SF,
leakage detection methods for high-voltage electrical
equipments[J]. Southern Power System Technology,2013,7
(2):54-58.
R R A BRI AL N0 BB ER KD SF
B AR SRR R HAS,2010,46(3):103-105.
GAO Shuguo,ZHENG Aiquan,GENG Jianghai,et al. Ap-

plication of laser imaging technology to detection of SFg

—
—
o]

—_

leakage in electrical equipment[J]. High Voltage Appara-
tus,2010,46(3):103-105.

[19] H 5, EF A Ih S ms . F)H 06 R R AR A A D
SF, e a R T). AL i AR 1 2005,26(12):35-37.
TIAN Yong,YAN Chunsheng,SUN Lishi. On locating and
check-up on the leakage of SF4 devices by the technique
of laser imaging[J]. Northeast Electric Power Technology,
2005,26(12):35-37.

[20] sk i, B4R TLEE S O AT LR AL T EOG e
A RBUE RS2 )] HOE S5 2056 ,2010,40(3) : 246-243.

(L% 184 R)

R 5 PR AP AT F T RGeS 4, 2012,40(19):
150-155.

KU Xiaofei,CAI Zexiang, XU Min. Fault and protection anal-
ysis of AC filter for HVDC transmission system|[J]. Power
System Protection and Control,2012,40(19):150-155.

[19] ABBASGHORBANI M, MASHHADI H R, DAMCHI Y.
Reliability-centred maintenance for circuit breakers in
transmission networks[J]. Generation, Transmission & Dis-
tribution, IET,2014,8(9):1583-1590.

[20] 7K B, 450 3 ol DG B L B A il v T 23 BT B 448 2 B A

W T5 % W FE[D]. BB < 75 1 588 R, 2013,
ZHANG Xinghai. Study on overvoltage analysis and insula-
tion fault detection of critical electric equipment in con-
verter station[D]. Chengdu:Southwest Jiaotong University,
2013.

[21] 2 4. & 5 B Ui i F AR 20 8 D A% H IR 23 At B SR AT
FE[D]. )M AR R TR 24,2011,

ZHANG Li,LU Changhua,JIANG Jianguo,et al. Influence
of power of laser on sensitivity of leaking laser imaging
system[]]. Laser & Infrared,2010,40(3):246-248.

[21] SB/ANEL,HE R HETIE GG R B9 SF il 5 K T 4L
R[] = AL #$,2010(6) :89-92.
GUO Xiaokai,ZHENG Yan. Leakage detection of SF4 based
on photo-acoustic spectroscopy[J]. High Voltage Apparatus,
2010(6):89-92.

[22] fif 25,45 MR @Ak SF, SR 53 B K236 21 ).
1L P4 L 77,2014(3): 27-30.
HE Jie,LI Dong. Analysis and treatment for SF¢ gas leak-
age of basin-type insulators[]J]. Shanxi Electric Power,2014
(3):27-30.

[23] Q/GDW 11062—2013 7~ %Ak 6 <4 M U A A% D il R
B3 i H 5 00 [S]. 2013.
2013 Q/GDW 11062—2013 Field application guide for the
test technology of SFy gas leak imaging[S]. 2013.

FRH(1983—), B, TAIF BT 7 6 A & b &R
BN AR B AR LG e R

FHm(1982—), 8  HALEF AL FMAHLES
SRR 8 REF EAMNE AR,

W44 (1983—), B G A L RF A F @A b hiké
A e H AR

IR (1984—), B, TARIF R F 6 4 Ak LR
A

LUO Jinghua. Research on filter failure analysis and treat-
ments in HVDC transmission systems|D]. Guangzhou: South
China University of Technology,2011.

[22] 5K 5. 75 R B T I RS S HL G B AR R [D]. B L # L
K,2014.
ZHANG Chi. High-voltage DC circuit breaker and its crucial
technologies[D]. Hangzhou: Zhejiang University ,2014.

[23] LIU Jun,HUANG G M,MA Zhiying,et al. A novel smart
high-voltage circuit breaker for smart grid applications|[J].
IEEE Transactions on Smart Grid,2011,2(2):254-264.

Al F(1971—), 8, TR R H @A LR BiE Y
HA,

BREF(1970—), B W #a W E A 505 A FL R
W, ) RGBT S AR T MBI F SRR
HABRELRELAARBREELECERALME L AE
AT WY B A2 3L 3k 7y W 0 B e BT R AR GRAAR )



