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Reliability evaluation of metro traction system based on Bayesian network
CHENG Yuemei, LI Xiaobo, TIAN Shihe, LU Zhujian
(School of Urban Railway Transportation, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] The traction system is one of the key systems of subway vehicles, and improving its reliability is particularly important
for improving the reliable operation of the entire subway vehicle. However, the structure of the traction system is complex and the
failure modes are diverse, so it is difficult to adopt traditional reliability analysis methods. Aiming at this problem, a system
reliability assessment method based on Bayesian network is proposed, combined with fault tree method, to model and analyze the
reliability of metro vehicle traction system is modeled and analyzed. Taking a subway traction system as an example, use the
Bayesian network model to calculate the reliability of the traction system; use the two—way reasoning ability of the Bayesian network
to find the component that has the greatest impact on the reliability of the traction system, that is, the weak link of the traction
system (IGBT feedback failure ). The evaluation results of this method are reasonable and accurate, which can provide a certain
theoretical reference for the reliability evaluation and fault diagnosis of the traction system of subway vehicles.
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Tab. 1 Bayesian expression of fault tree logic gate
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Fig. 1 Fault tree when the traction system status fails
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Tab. 2 Names of intermediate events in the fault tree
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Tab. 3 Basic event names of fault tree
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Tab. 4 Failure probability of basic events of the fault tree

(%) B A A R Bt
X, 0.016 6 X, 0.001 3
X, 0.004 5 Xy 0.001 2
X3 0.005 4 X4 0.018 4
X, 0.012 2 X5 0.004 7
X; 0.005 7 Xy 0.010 9
X 0.008 6 Xy 0.007 4
X; 0.004 6 Xig 0.011 8
Xg 0.001 5 Xy 0.014 9
X, 0.008 2 X0 0.007 2
Xy 0.001 3 X 0.010 2
X 0.001 3 X5 0.001 1
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Fig. 2 BN model of traction system status failure
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Tab. 5 Failure probability of each component when the system fails

5 [ R 5 [ R
X, 0.118 741 X 0.008 667
X, 0.031 032 X3 0.007 884
X, 0.037 371 Xy 0.132 469
Xy 0.087 137 Xis 0.031 911
X 0.039 324 Xig 0.076 868
X, 0.060 941 Xy 0.051 901
X, 0.031 685 Xig 0.083 669
Xy 0.010 323 X9 0.106 444
Xy 0.057 661 Xy 0.050 353
Xy 0.008 737 Xy 0.071 781
Xy, 0.009 799 Xy 0.007 334
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Fig. 3  Failure probability curve of each component

when the traction system fails
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Tab. 6 Conditional failure probability of system nodes in the case of component failure

S X X, Xis Xs X5 Xi0-12 Xiziua Xisor Xigo1o Xy-m

T 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.000 0
M, 1.0000 1.0000 1.0000 1.0000 0.0530 0.0530 0.0530 0.0530 0.0530 0.0530
M, 0.0143 0.0143 0.0143 0.0143 1.0000 0.0143 0.0143 0.0143 0.0143 0.0143
My 0.046 8 0.0468 0.0468 0.0468 0.0468 1.0000 1.0000 1.0000 0.0468 0.046 8
M, 0.026 7 0.0267 00267 0.0267 0.0267 0.0267 0.0267 0.026 7 1.0000 0.026 7
M 0.0185 0.0185 0.0185 0.0185 0.0185 0.0185 0.0185 0.0185 0.018 5 1.000 0
My 1.0000 0.0211 0.0211 0.0211 0.0211 0.0211 0.0211 0.0211 0.0211 0.0211
M, 0.0179 0.0179 1.0000 0.0179 0.0179 0.0179 0.0179 0.0179 0.0179 0.017 9
My 0.0041 0.0041 0.0041 0.0041 0.0041 1.0000 0.0041 0.0041 0.0041 0.0041
M, 0.0231 0.0231 0.0231 0.0231 0.0231 0.0231 0.0231 1.0000 0.0231 0.0231
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