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Research on Extraction Algorithm of Current Waveform Characteristic Value of Circuit
Breaker Opening and Closing Coil

SONG Yakai, ZHANG Yiming, ZHANG Wentao, LI Shaohua, LI Dexiang, ZUO Qi
(Pinggao Group Co., Lid., Henan Pingdingshan 467001, China)

Abstract: The current waveform of the winding mechanism of the circuit breaker operating mechanism has impor-
tant reference significance for the existing or potential mechanical failure of the analysis mechanism. Due to the influ-
ence of the external environment, many algorithms have certain deficiencies in data acquisition and waveform fea-
ture point extraction consistency. In this paper, the zero-bias calculation and the improved mean filtering algorithm
are used to preprocess the collected raw current waveform data to reduce the influence of external factors. According
to the characteristics of the different feature points, the classification is carried out to study the corresponding Based
on the feature extraction algorithm, the circuit breaker switching coil current signal acquisition and processing sys-
tem was built and the corresponding algorithm software was developed. The algorithm was verified by a 550 kV cir-
cuit breaker as the test prototype, and the waveform feature values with high consistency were obtained.

Key words: circuit breaker operating mechanism; current of circuit breaker opening and closing coil ; waveform

analysis; filtering algorithm; fault identification
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Fig.1 Cable current acquisition system hardware

architecture diagram
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Fig.2 Flow chart of small current signal

acquisition program
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Fig. 5 Waveform after zero offset processing
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Fig.7 Filtered small current signal waveform
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Fig. 8 Typical sub-coil coil current waveform
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value extraction result

F5 t/ms IL/A t/ms LIA  t/ms /A tdms L/A

42 0.6855 5.2 0.6523 14.4 1.4093 19.4 1.409 1
4.1 0.6816 53 0.6419 15.6 14178 18.7 1.4179
43 07001 5.3 0.6676 14.0 1.4381 19.3 1.4382
42 06841 53 0.6446 15.1 1.4238 185 1.4235
42 0.6875 53 0.6527 14.4 1.4268 17.6 1.4270
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Table 2 Opening coil current waveform characteristic

value extraction result

F5 t/ms I/A w/ms L/IA t/ms L/A  t/ms LJ/A

1 45 07415 55 0.7252 12.5 1.4022 12.5 1.4022
2 45 07417 5.6 0.7045 125 1.4284 12.5 1.4284
3 49 07827 59 0.7503 13.1 1.4277 13.1 1.4277
4 46 07426 5.6 0.7095 12.7 1.4016 12.7 1.4016
5 45 07297 55 0.6953 125 1.4054 125 1.4054
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Fig. 9 Small current signal waveform and feature

point labeling

MEA s o A nTAL, R S8 A S 3 B AN R 3
A R TR) &R A (L A 22 (EL 249 6 AR X 58/ 9 9 ] PR 90



186

20204F 1 A

Eudz

Hs5et 1M

gl , YIS H BT i B 5 A 5 4R IR T ) — PR RE S
L BR

Sk

[1]

BRI, 98, T A B, A R AR L H T AR A
W IED ). LI ER S8 H 8k, 2012,36(22):95-99.
HUANG Xinbo, WANG Xiaokuan , FANG Shouxian, et al.
Design on status monitoring IED of circuit breaker for
smart substation[J]. Automation of Electric Power Systems,
2012,36(22):95-99.

P ) VEObK 3R R TIRINE SRR S R
U et LA 5 02 TR R B SELD]. #o5 F L, 2013,49
(9):43-54.

ZHONG Jianying, LIU Yang, LIN Xin, et al. Mechanical
fault diagnosis technology research of high -voltage circuit
breaker based on the vibration signal characteristic[]].
High Voltage Apparatus, 2013,49(9):43-54.

RIKN, A Te L, Bl g, A5, HE I A LA B 12 T
TTELER)). I EHLAE, 2018 ,54(7):10-19.

GUAN Yonggang, YANGYuanwei, ZHONG Jianying, et al.
Review on mechanical fault diagnosis methods for high -
voltage circuit breakers[J]. High Voltage Apparatus, 2018,
54(7):10-19.

RUNDE R H. Continuous monitoring of circuit breakers us-
ing vibration analysis[J]. IEEE Transaction on Power Deliv-
ery,2005,20(20):2458-2465.

AWM KRR A R TIR S A 4 1 e R
BEASRRERBIAA ). Fal 5138 ,2019,56(2): 10-15.
ZHU Meng, MEI Fei, ZHENG Jianyong, et al. Fault recog-
nition algorithm for high voltage circuit breakers based on
deep belief network[J]. Electrical Measurement & Instru-
mentation,2019,56(2):10-15.

#OWLPEE, Y MK ST/ NECR S 1 LAY
1o P T B8 DR 2 M D R a2 0. I 5483R, 2017,
54(4):92-98.

DONG Di, LI Hengzhen, YI Lin. Condition monitoring and
fault diagnosis of high voltage circuit breaker based on mor-
phology wavelet and support vector machine[]]. Electrical
Measurement & Instrumentation, 2017, 54(4):92-98.
EHESC, FIAR. AR 7R M R G — L S
BERAEPT]. BT R G F 3k, 2013,37(23):78 -82.
WANG Dewen, YAN Chunyu. Integrated modeling and
model maintenance of on-line monitoring system in substa-
tion[J]. Automation of Electric Power Systems, 2013, 37
(23):78-82.

P PV L, 5RO, A R T A6 IR 2R B L L 5 S
F14 i TS DB B i 7 £ W D 2R ()], IR TR, 2016
(39):135-137

ZHONG Jianying, SUN Yinshan, ZHANG Wentao, et al.

[10]

[1

[

[12]

[13]

[14]

[15]

[16]

High - voltage circuit breaker on - line monitoring system
based on opening and closing coil current signal[J]. Modern
Electronics Technique, 2016(39):135-137.

L UKW B A DB AR 2R
155 P BB s 45 2 BB PR UM S IO MR (D). R HL 8%, 2015,
51(7):2-6.

PENG Xinxia, GUAN Yonggang, GAO Kai, et al. Noise re-
moval from coil current signal of high voltage circuit break-
er with the morphological filter[J]. High Voltage Appara-
tus, 2015,51(7):2-6.

VB, 5K SCT , 5k — 2, 5. TR 2 20 ) 2k L 1
VAR 5 R AR 41 B ) 391 5 i BE S (D). e T FL A
2015,51(9):134-139.

SUN Yinshan, ZHANG Wentao, ZHANG Yiming, et al.
Research on feature value extraction and fault recognition
of coil current signal in high - voltage circuit breaker|]].
High Voltage Apparatus, 2015,51(9):134-139.

sk s RO TS R, AR T A T R RS
B TR T 5 SR ML R I2 T[], w5 FE LR, 2013,49(2):
37-42.

ZHANG Yongkui, ZHAO Zhizhong, FENG Xu, et al. Me-
chanical fault diagnosis of high voltage circuit breakers
based on opening/closing coil current parameters|J]. High
Voltage Apparatus, 2013,49(2):37-42.

Bofte o BRAET BRASHE. e He T % el B AGHI 512 Wi
ARIM]. b5 g R, 2014

DUAN Chuanzong, YAN Zhiping, YAN Zhihui. Technology
of fault detection and diagnoisis for high voltage disconnec-
tor{M]. Beijing: China Electric Power Press,2014.

JOHAL H, MOUSAVI M J. Coil current analysis method
for predictive maintenance of circuit breakers[C]//2008 T &
D IEEE/PES Transmission and Distribution Conference
and Exposition. Chicago, America:IEEE,2008:1-7.

ik—# DA RN AF R T Relief FARFIER 1L %
BIP 1 222 00 28 RU31 ) s Bl 2 T O BB B Y 557 2
Dk EHEEER, 2018, 54(2):12-18.

ZHANG Yiming, LI Shaohua, CHEN Shigang, et al. Fault
type and position diagnosis method of high-voltage discon-
nectors based on relief F characteristic quantity optimiza-
tion and BP neural network recognition[]J]. High Voltage
Apparatus,2018,54(2):12-18.

EES, &, B AR R S I e R4
AT R HLAE , 2018 ,54(9):58-65.

GAO Qunwei , JIN Guangyao, GU Jun, et al. Reduction of
breaking time of high-voltage circuit breaker for intelligent
substation[]]. High Voltage Apparatus,2018,54(9):58-65.
SRR BA. U R R B S R BT T[] A SRR,
2007,28(5):20-23.

SHI Qiuming. Study on the dynamic characteristic of the de

electromagnet|J]. Process Automation Instrumentation,2007,



BARWE

RWHL, 5k—&, KICH, . WS -G TRILk FE F T R A (AR I L T

<187

[17]

[18]

[19]

28(5):20-23.

KINBAR 4% W, X e DB 8 7 2 2 B 80 e
FLJ]. VBB TR 22447, 2017, 36(3):65-67.

LIU Xudong, LI Hui, ZHAO Jianfeng. The design and sim-
ulation of circuit breaker monitoring equipment[J]. Trans-
actions of Shenyang University of Science and Technology,
2017,36(3):65-67.

HOLRE, FENTR, A AR, B — U BEAS L T G ZR 5
Wk EWFRIL]. Fl 5125 ,2016,53(16):118-122.

LU Guanghui, YONG Mingchao, ZHOU Shuibin. Re-
search on switchgear integrated monitoring device for new
smart substation[]]. Electrical Measurement & Instrumenta-
tion,2016,53(16):118-122.

WA, ZE 4 RV, R T SVM 5 A4 2
TSR o TR T % e DDA SR a2 . o R LA , 2011,
47(3):26-30.

[20]

YUAN Jinli, LI Kui, GUO Zhitao, et al. Mechanical
failure diagnosis of high voltage circuit breaker based on
SVM and opening/closing coil current parameters[]]. High
Voltage Apparatus,2011,47(3):26-30.

R BRI ACMObK , A5 T P R AR B A
HIWT IS SRR S TTAL ). R AR, 2016,52(6): 199-203.
RONG Qiang, ZHAO Lihua, ZHU Linlin, et al. Status as-
sessment of circuit breakers based on coil current character-
istic quantity optimization[J]. High Voltage Apparatus,
2016,52(6):199-203.

REN(1987—), B, A+, TG, £ B ESEF %%

& RACEARBT I

R—Z(1983—), B, HR LRI, 2 BMEZHEF L&

BAT RALE AR T BRI AT



