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Fault diagnosis method of frame-type circuit breaker
based on grey correlation degree
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(1. School of Conirol Science and Engineering, Hebei University of Technology, Tianjin 300130, China;
2. Tianjin Benefo Electric Co. , Lid. , Tianjin 300385, China)

Abstract: Aiming at the problem that the intelligent recognition algorithm is too complicated in the fault diagnosis technology of circuit
breaker, a fault diagnosis method of frame-type circuit breaker is proposed based on grey correlation degree. This method uses the grey
comprehensive correlation degree to describe the geometric similarity among the fault characteristic sequence curves to judge the type of
the fault and makes full use of the changing trend of the fault feature itself. Firstly, the method extracts the local mean decomposition
energy moment of the contact vibration signal or the ensemble empirical mode decomposition energy moment of switching coil current
signal, which are normalized to form the energy moment sequence. Secondly, the grey comprehensive correlation analysis between the
resulting energy moment sequence and the referring sequences under different fault states. Finally, according to the principle of
maximum correlation degree, the fault type is determined, and the weight coefficients of various indices of the grey comprehensive
correlation degree are obtained with entropy weight method. The diagnosis and testing on the switching mechanical structure fault of the
circuit breaker contact and the switching coil circuit fault of operating accessory were conducted, and the results show that the proposed
method can achieve the diagnosis of different faults for the frame-type circuit breaker accurately and effectively.
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Table 1 Monomial grey correlation degree values for

different samples under normal state

A % IR AR SRR S T RS
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2 0.9219 0.963 7 0.942 7
3 0.970 1 0.928 2 0.9345
4 0.9277 0.9137 0.910 2
5 0.945 8 0.947 1 0.943 3
6 0.983 2 0.971 0 0.904 4
7 0.990 1 0.953 4 0.9127
8 0.947 2 0.940 7 0.9358
9 0.936 7 0.9713 0.9232
10 0.919 1 0.910 1 0.910 7
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Table 2 Weigh coefficients of monomial grey correlation

degree under different fault states
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Table 3 Fault diagnosis results of grey comprehensive

correlation degree based on vibration signal

4R R1 R2 R3 R4 R5 R6 2R

F1 0.886 0.201 0.089 0.233 0.067 0.157 F1
F2 0.224 0.901 0.174 0.517 0.110 0.074 F2
F3 0.078 0.186 0.851 0.037 0.261 0.154 F3
F4 0.248 0.482 0.046 0.954 0.079 0.134 F4
F5 0.054 0.121 0.247 0.102 0.903 0.201 F5

F6 0.169 0.069 0.165 0.143 0.193 0.897 F6
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Table 4 Fault diagnosis results of traditional grey

comprehensive correlation degree

il R1 R2 R3 R4 R5 R6 ZE IR

F1 0.743 0.382 0.658 0.104 0.049 0.275 F1
F2 0.369 0.872 0.675 0.506 0.294 0.077 F2
F3 0.674 0.591 0.621 0.282 0.089 0.103 F1
F4 0.093 0.557 0.316 0.483 0.501 0.221 F2
F5 0.081 0.307 0.129 0.464 0.734 0.624 F5
F6 0.317 0.101 0.183 0.183 0.661 0.767 F6
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Fig.7  Structure of the closing coil
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Table 5 Weigh coefficients of monomial grey correlation

degrees based on closing coil current

[ 2 %o} SR AHX SR BE T R OCHR L
B 0.206 1 0.538 2 0.235 1
BRI 0.389 0 0.4156 0.195 4
BUBEE R 0.4775 0.287 4 0.2351
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Table 6 Fault diagnosis results of grey comprehensive

correlation degree based on closing coil current

[ R1 R2 R3 R4 R5 2R

F1 0.9346 0.1277 0.3232 0.1062 0.267 1 F1

F2 0.126 4 0.9237 0.1102 0.1538 0.3341 F2

F3 0.316 7 0.1177 0.8934 0.0956 0.059 8 F3

F4 0.1107 0.1586 0.1011 0.9543 0.1258 F4

F5 0.2638 0.3289 0.0632 0.1247 0.901 2 F5
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Table 7 Weigh coefficients of monomial grey correlation
degrees based on opening coil current
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Table 8 Fault diagnosis results of grey comprehensive
correlation degree based on opening coil current

[ R1 R2 R3 R4 2
F1 0.9537 0.106 2 0.341 1 0.156 7 F1
F2 0.096 8 0.901 2 0.089 3 0.1422 F2
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