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Real-time remaining useful life prediction of operating accessories for
the conventional circuit breaker based on performance degradation model

Sun Shuguang', Li Qin', Wang Jiaxing', Du Taihang', Wang Jingqin’
(1.School of Artificial Intelligence, Hebei University of Technology, Tianjin 300130, China; 2.State Key Laboratory
of Reliability and Intelligence of Electrical Equipment, Hebei University of Technology, Tianjin 300130, China)

Abstract ; Considering the individual difference and infrequent action in actual operating accessories for the conventional circuit breaker,
a real-time remaining mechanical life prediction method based on performance degradation model is proposed. Different from the
traditional remaining useful life ( RUL) prediction method, this method combines the historical degradation data of the operating
accessories with the real-time condition monitoring (CM) data. Firstly, the linear and non-monotonic degradation process of operating
accessories is considered. A performance degradation model is formulated based on Wiener process. Secondly, the historical degradation
data are utilized to determine the prior distribution of model parameters by the maximum likelihood estimation method and the one-
dimensional search method. Then, the Bayesian method is used to update the model parameters iteratively with the real-time CM data.
Based on the concept of first hitting time, the RUL prediction model is formulated to realize the real-time prediction. Finally, the
proposed method is evaluated by the life data of operating accessories. Experimental results show that the proposed method cannot only
realize the real-time remaining mechanical life prediction of the operating accessories, but also has higher prediction accuracy than the
methods utilized in other literatures.
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2 250 0. 004 054 0. 001 095 0. 041 585
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Fig.5 Probability density distribution of the real-time
RUL for shunt release
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release by two methods
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Table 3 Relative errors comparison of prediction results

for shunt release by two methods

i ERFETOE AR R4 AR ZE/ %

HAR S il ek EBREAR greed Hk2
1000 1560 1566 1570 -0. 64 -0.25
1250 1304 1312 1320 -1.21 -0.61
1500 1084 1075 1070 1.31 0.47
1750 835 831 820 1.83 1.34
2 000 560 574 570 -1.75 0.70
2 250 329 323 320 2.81 0.94
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Fig.7 MSE comparison of RUL prediction results for

shunt release by two methods
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Fig.8 Comparison of prediction results of release

electromagnet by two methods
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Table 4 Relative errors comparison of prediction results

for release electromagnet by two methods

wim  EREGTIEIR R4 B AR 25/ %

/AR gkl k2 EBRMER g5kl k2
900 2153 2130 2116 1.75 0. 66
1200 1838 1822 1 816 1.21 0.33
1500 1533 1510 1516 112 -0.40
1800 1240 1225 1216 1.97 0.74
2 100 929 911 916 1.42 -0.55
2 400 626 624 616 1.62 1.30
2 700 327 319 316 3.48 0.95
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Fig.9 MSE comparison of RUL prediction results for

release electromagnet by two methods
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