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Fault Diagnosis of Tripping/Closing Coil of High-voltage Circuit Breaker
Based on Multiple Parameters

JIN Wenjuan, JI Tianyao, TANG Wenhu
(South China University of Technology, Guangzhou 510640, China)

Abstract: Because the change of tripping/closing coil current (CC) and the vibration signal can reflect the running
state of an operating mechanism, a new method based on multiple parameters is presented for fault diagnosis of trip-
ping/closing coil of the high-voltage circuit breakers (HVCBs) and for improving the accuracy of the fault diagnosis.
First, the operation state of the actuator electromagnet is introduced, and the relationship between the signals and
the operating states of the actuator is analyzed. Second, a hardware circuit taking the NI data acquisition card and the
real -time controller as the core is designed. Third, the multi-layer wavelet packet (WP) decomposition and recon-
struction algorithm is used to filter the signals, and the extreme value method is used to extract the eigen-values. Fi-
nally, the particle swarm optimization (PSO) method is combined with the support vector machine (SVM) to classify
the states of HVCBs. Experimental results show that the present algorithm can detect the hidden failure of HVCBs in
operation and improve their reliability.
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Fig. 1 Equivalent circuit diagram of trip/close
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Fig. 3 The trip CC and vibration signal

waveforms under different voltages
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Fig.4 The establishment of multi-dimensional mapping

knowledge base
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Fig. 5 Wavelet packet decomposition
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Fig. 6 Installation location of hall current sensors and

acceleration sensor
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Fig. 7 Effect of various voltages on the trip CC
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Table 1 Eigen-values’ distribution of trip CC at

different voltages

HE/V LA BI/A /A To/ms To/ms To/ms Ti/ms
110 1.861 1.237 1.675 6.8 1.1 11.1 333
105 1.807 1.158 1499 6.9 1.5 11.5 338
100 1.741 1.095 1488 7.0 11.9 227 346
95 1.667 1.005 1.406 7.3 122 234 351
90 1.592 0.937 1.201 74 12.8  12.8 35.1
85 1.511 0.870 1.130 7.7 13.6 244 358
80 1.443 0.793 0.957 175 144 247 36.6

x2 SALZERRFEETHRE
Table 2 Change law of trip CC eigen-values
HEN  U% 5% LI%  (T=T0)/Tix100/%

110 — — — —
105 -4.545 -2.902 -6.386 6.481
100 -4.762 -3.652 -5.440 6.522
95 -5.000 -4.250 -8.219 6.735
90 -5.263 -4.499 -6.766 6.883
85 -5.556 -5.088 -7.150 7.156
80 -5.882 —-4.500 -8.851 8.681
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Fig. 8 Normalized energy distribution of

BoH

vibration signals of trip coil under
different voltages
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Table 3 Eigen-values’ distribution of vibration signals

of trip coil at different voltages

HLE/ ity

vV (3.0 @31 (33 (3.2 (3,7 (3.6 (34 3.9
110 6.62 6.85 8.82 22.67 75.08 19.19 58.69 64.03
105 7.37 6.81 13.18 19.79 43.78 15.54 62.23 78.15
100 9.92 591 9.92 21.83 31.24 16.10 71.30 63.94
95 5.92 790 15.14 10.92 47.58 13.94 65.13 67.69
90 6.65 9.30 10.73 26.35 48.94 23.20 43.32 57.94
85 6.05 642 7.15 13.03 26.93 17.54 47.44 90.12
80 7.60 10.04 10.74 30.75 26.18 17.96 37.39 70.78
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Table 4 The classification accuracy

under randomly selected parameters

BITRAL BSIBHC BBty W%
1 10 631 98.57
2 50 634 92.86
3 1 636 81.43
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Fig. 9 Predict the test set with the PSO-SVM classifier
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