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Fault Feature Extraction Method for the Circuit Breaker with Permanent Magnetic
Mechanism Based on Control Loop

ZHAO Yu, GENG Pulong, XU Chunyu, SONG Jiancheng

(Taiyuan University of Technology, Shanxi Key Laboratory of Mining Electrical Equipment
and Intelligent Control, Taiyuan 030024, China)

Abstract: To recognize fault pattern and extract fault feature of an HV circuit breaker, the permanent magnetic
mechanism of the ZNY1-10(6)/630—12.5 type HV circuit breaker is taken as an example to analyze the opening/
closing movement of the permanent magnetic mechanism. Then five common failures, including the failure of the
power supply, the aging of the opening/closing coil, the jamming of the contacts and linkage mechanism, the failure
of the energy-storage capacitor, and the failure of the auxiliary switch, are simulated. The closing coil current,
opening coil current and capacitor voltage of the control loop are selected as monitoring signals, and the related
features are extracted. In order to distinguish and classify the failures and extract the features, a fault feature
extraction algorithm is proposed based on the fuzzy theory. And the relationship between the failures and the
features are obtained. This study may provide evidence for the HV circuit breaker fault diagnosis and remaining
life evaluation.
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Fig. 1 Control unit of the permanent magnetic

operating mechanism
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Fig. 2 The features of close coil current
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Fig. 3 The features of energy-storage capacitor voltage
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Fig. 4 The features of open coil current
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Table 1 Normal features and its range

) 1 L
FRAE —

FHME U 3 F
1/A 12.67 12.72~12.60
1JA 11.16 11.09~11.22
14/A 19.79 19.57~19.92
1JA 2.15 2.04~2.29
Lo/ms 20.93 19.27~21.86
tu/ms 64.02 61.79~64.72
/s 74.68 72.19~75.15
L5/ms 114.73 112.13~117.95
L/ms 184.31 183.04~184.79
I /A 8.13 8.08~8.22
1/ms 11.98 11.49~12.65
f/ms 32.89 31.80~33.69
lip/ms 56.36 55.92~56.78
U,V 152.30 149.94~153.23
U,V 53.79 51.91~54.43
/s 21.17 21.10~21.23
Lo/ms 178.80 176.88~179.49
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Table 2 Normal features and its change rate
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U, U, [ lo -
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Fig. 5 Effect of AC voltage variations on close coil current

PRI U L T AR AL R AE 2, 536 1 P e
T LT B AE S FE AT, YA i A LR A 90 V
) 07 S R] 2,0 HE 100V EHEIN T 21.12% 5 2438 i 4
AHLUEA 70 Ve 57 A EE K T 51.00%, 170 AH B
W 2N B Ly o T L TeREACR A 1.21%, 45
L5 FIZR 1 A] A, 2k P o A5 I i A R S TE] £, Bif
HHIEWRERZ AR, 25 &40 208 1m0 4
Bl T I Hsf 220 F) H (B S FEAS K

T T RE R A R E AL A YA R
A A B R S T R K Y 38 T R R AR A A S i
REFL A SRR E &, WL 6, 438 3L HL R I /N
43 ) 248 VB Wi IO, s [ 0 L, A 1 386 00 ) Bsf i 1 P30
W/ AESS AR AR 70 VOB IR FL s N T
6.05%, 8t T IEH {5

A A AR T G YR B A HE E R R AR B TT G
PR L SO AT P % S G R T A L PR A S
Fil ok 138~162 V, 1EHL 139.3.149.5.161.9 V 3 M &
T R O 3 A B TR 5 4 T 4R B R R I8 O LA

1I/A

t/ms

B 6 XimmBENERSSRELERIR
Fig. 6 Effect of AC voltage variations on open coil current
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Fig. 7 Effect of DC voltage variations on close coil current
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Fig. 9 Effect of DC voltage variations on open coil current
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Fig. 10 Effect of loop resistance variations on close

coil current
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Fig. 13 Effect of mechanism jammed on close coil current
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Fig. 14 Effect of mechanism jammed on capacitor voltage
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Fig. 15 Effect of mechanism jammed on open coil current
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Fig. 16 Effect of auxiliary switch failure on close

coil current
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capacitor voltage
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Table 3 Relationship between features and failures
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Table 4 Features of the AC voltage drop
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