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Development of an Online Monitoring System for 750kV Filter Bank Circuit Breakers Based

on Transient Current Characteristic Recognition
ZENG Xiwen', ZHANG Min', ZHAO Jingyu’, CAI Xu’, DENG Junbo’

(1. State Grid Corporation of China, Beijing 100192, China;2. Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: High-voltage AC SF( circuit breakers in ultra-high-voltage DC transmission systems are responsible for reactive power
compensation and harmonic filtering. Due to the high voltage level and large switching capacity, frequent operations of AC filter cir-
cuit breakers can cause contact erosion and even lead to failures. Based on the actual line configuration of a converter station, this pa-
per uses PSCAD to model and analyze possible operating conditions, investigates the in-fluence of closing resistance on switching
transients and the current characteristics under different resistance states, and proposes fault diagnosis methods and electrical life as-
sessment approaches. The results show that a closing resistance in the range of 300 - 400 Q provides excellent comprehensive per-
formance across four types of filters, effectively sup-pressing overvoltage across the main capacitor, inrush currents, and arrester
overvoltages. By applying criteria such as harmonic analysis, inrush current peak timing, and three-phase closing consistency, faults
in the closing resistor can be accurately identified. Three electrical life assessment methods are proposed: the dynamic resistance
method combined with neural networks, SF6 decomposition product analysis, and historical switching data correction. The dynamic
re-sistance method achieves a prediction error within 4%. A developed online monitoring system enables real-time con-dition assess-
ment of circuit breakers and recommends graded maintenance strategies, providing technical support for enhancing grid reliability.
Key words: AC filter;Closing resistor;Inrush current and overvoltage suppression;Circuit breaker electrical life assessment;Online
monitoring system
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Fig. 1 Types of ac filter failures and incident cases in recent 3 years
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Fig. 2 Inrush current oscillogram of circuit breaker 7632 during closing operation
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Table 1 Gas purity and decomposition product analysis data

5 S0, H,S o HF a0
T632A AH 0 0 0 0 99. 78%
76328 #f 0 0 0 0 99. 88%
7632C # 1.2 0 14 0 99. 88%
7632C #d 1.2 0 14 0 99. 88%
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Fig. 3 7632 circuit breaker disassembly structure
S8 AR R I 37 4y M ) R BE R T e AN R, S BOM & ) HL B b 3% B A R () 4 A e BHL AR
K 7K A TR AL N 36 RS — A IR RELBEL B 4y ) R BEL R A e b B, HE TS G L K A T B
S5 KL ) R BE 4k SCHE AT AR A i o

3 2 iAE IR B 28 2 A R T VA
T B 97 0 e L I, 97 8 0 5 2 o L 5 B 0 4 B0 o

BRI o R H b R B i 3k O U T HE A B A A B 2 RS A ) R BH R L R AR A T T
TR R 4 o) FL BE 9 S B R



BRI\ TFI LK XXXX 4E

3.1 ARBEEZRARRE

o T EEL B 7R DR 2% ) AR P A R A 1 4 P s o 12 T B S SR RT = W 1 AR RS A BT, B A i
A=A~ T L RE T 1o v, & 1 o FH 5 R BEL BT 1R BRISC &, BEN I 18] 2y 8-11ms , DA 24410 ) 38 1 5o i I .
WA, T BT 101 199 3 240 2 A 350 S el A A R 0L T ) L 28 4 AT

| AR AN ELE 2 HLHIR S fe ek 3 LR 4 R
5SRO ESNAE IR 6 SHRER TR BRI
BRI o Ol 10 ARHLH (032 S e )

B4 &0 @ A 800KV B 74 35 4 4
Fig. 4 Structure of 800kV circuit breaker with closing resistor
W7 % &5 2E AT A T 4R AR I, ST 0 S R R R BE AR SE AT DA T S R 7E 8-11ms )5
8 B e 10 D) 5 T L L B A B T R TR R IS AT o W R 8 S DR S JT AR HEAT 2 IR 4R AR I, M ok
3 1, B BT % 5 38 3o 42007 3 5% 43 ) 0

a _A
~ =l
o~ P g
0_ It : _l_ - _LF-C—

li ima ﬂ'nle‘mn'nn“n‘n‘lnri"in’ l '
11 | LA
i

A5 &In e AR X e IELAR
Fig. 5 Closing operation process of circuit breaker with pre—insertion resistor
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Fig. 6 Switching inrush current waveforms with pre—-insertion resistors of different values
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Table 2 Main harmonic content under different closing resistor states
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18 18 /kA 1% 18 /kA L fE 18 18 /KA b AE
N 0. 1394 0.0140 0.1002 0.01471 0. 1055
4 B 0.2130 0. 1830 0. 8589 0.2068 0.9711
& 7 0. 1950 0.09715 0. 4846 0.0992 0. 5088
Wr B 0.1926 0.02583 0.1341 0.0172 0. 0894

4.5 & @ EEMEIS M5 A

¥ & ) L BH AN IR BB B S B A

B E~Nno

] 7 I UEE A ) 30 I 220 B = A 5 Tl B ) AN — S50 AR Oy 5 1) Rl L g e

W R DL S IR G I R IR AS R B 312 T I 2 A D R B R B H . SRR R R E S A
= ANAERE 93 59 25, 2 /0 TR I AR BT T R B A5 N S TR 3 8 DR M A A e e A B AR OR T AE T 0.3 0
Tt VEE AR H LI 18] /N 45 T 7.0ms AR &3 AR A Tk I 8] 1R] B8 K T4 T 5.0ms A B AN 2 L I DA E N A

fir) i, B A o



BRI\ TFI LK XXXX 4E

B &RES

l

T8 7E £ 107 i L BT 18] 2

LCE ]

v

e &R IS L IR A ¢

S LS\ B8] R
S5EHEEZ =03

B B A 21
SEREIAZI=7. Oms

1P A R E
[E]PR =5. Oms

X=1 Y=1 Z=1

> X+Y+Z2=>2 <

A7 e BE R

B 11 B3k 28409 P [l &4 R 2B

Fig. 11 Schematic Diagram of Circuit Breaker Closing Resistor Fault Diagnosis
4 RN SREMEKEFIEEFEMITEEA

4.1 ETSHBEEZENEERFEBE®ISEH G E

FE W 1P i 4 N DR LR, R T BB 2% E AT S -4 4R AR IR T TR R L oE o T R R IR R ik Sk 32 B 4T
T UF B i Sk 22 A e BH BE AT A2 AR A0 B b 2 4 sk R o Ak Sk 43 T 0 S Bk, SR 2o O AR 00 FLBH AT R it
2 30 A7 W7 B AR A Sk VA o B — B B i Sk 5 O ik Sk TR R A, R BE D S i Sk B B 28 B S el BH 5 28 B B
I fi Sk 22 i, P, BEL g 9 Sk Sk 4 f e BHL

) A F BHL V2 30 o S I 00 BT i A 1 A kR b 3 d Sk 55 9 A Sk 7 P BEL AR AL 5 S HUARAT B 2 0 CR R fik
ATHE S F Sl Sk AT R IRk Sk AT R D L W 2 22 R RRAE 1) & DAV Al FL 73 e R A o O R i Sk g ib A DL A 45 A Sk
R B W B A, 70 FEAT B4 4 fk B BELIU &2, 19 3 % S B %

5] N\ L-M 7% (Levenberg-Marquardt) % Hi -1 12 55 & #E 47 AR R PRI & PR AR S &6 # M F 482 45 &
MEA $77% (Mind Evolutionary Algorithm) X} # 48 W 2 £ 8 7 47 4% J& F- 00 , A 2 A RE 7. s BG R B, X
SR TR PR 00 % 22 AL Gt TV I 12% B AR 4% DA o AR A A 2% R A QR TR A, B AR i Sk el & S
FOF & 2y RL, B R is N -

AS
RL=|1—
S

)>:10096 @P)

max

Horr S, A Sk AR oV IR S R A Tt R fE
i1 2 CO AT DA S50 I i 25 1) 3R A% PR A i, S O DB G 8 0 A PO i O ML YE BB AE L0, 122 1] . i S 4T



BRI\ TFI LK XXXX 4E

1000 === -==mms=mmm oo

8001 s
1 A

g 6001 !
= ! S B .
E 400+ ! La
R AL B —4
200, Im ) I
R, /]
G T T ! T T T T T
0 5 10 15 20
2 il 47 2 (mm)

B 12 57342069 d 4742 W) &

Fig. 12 Resistance-stroke curve during opening process
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Fig. 13 Variation trend of main contact travel and resistance with increasing number of

arcing operations
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Table 3 Circuit breaker remaining electrical life status classification table
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Fig. 17 Pre-strike Arcing Time During Closing in BC2 Type Test
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Fig. 18 Variation of pre—-strike arcing time during electrical endurance degradation
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