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An improved particle swarm algorithm study on optimization model of maintenance
schedules for railway traction substations

LIU Huan, LIU Zhigang
(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: A reasonable maintenance schedule for railway traction substations is an important part of railway electric
transports. It should take the reliability and the maintenance costs of the system into account. The fault tree analysis is
applied to qualitative analysis and the GO method is used to quantitative analysis. Formula derivation of the railway
substations’ reliability is got. Simulating the model through the survey data from the literature and improving the periodic
maintenance means, establishing an optimized maintenance model of the railway traction substations based on reliability
and the cost. Through two aspects of single equipment reliability or overall reliability, the model is solved with improved
particle swarm algorithm. The result indicates that the model is objective and effective, that the model can reflect that the
reliability of the system is higher, the maintenance costs are higher. And the minimum reliability of the system can be
selected according to different maintenance cost.
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Fig. 1 Scheme of traction power supply system
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Table 1 Reliability parameters and types of equipments
P RiES RS R SRR RIEZH TEIRZSH
1 1011, 1021, 1001, 1012, 1022, 1002 KGO 110 kV 172 7.5
2 102, 101 IWr %% 110 kV 178 7.8
3 2B, 1B FAHELE 110 kV /55 kV 167 16.6
4 202A,202B,201A,201B,215,23B,216,213,22B,214,211,21B,212 W7 9% 55 kv 180 8.2
5 2002(a),2001(a),2002(b),2001(b) TFBh B T 5% 1755 11.7
6 2152,2162,2132,2142,2112,2122,2151,2161,2131,2142,2111,2121 RGBS FF G 55 kV 176 11.7
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Fig. 8 Flow of maintenance strategy
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Fig. 9 Flow of improved particle swarm optimization
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Fig. 10 Flow of maintenance optimization
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Table 2 Parameters of equipments

e ZUEN AN o) ey 1T ey 1T il
1 0.5 15 1.2 0.4
2 1.2 60 5.0 0.5
3 6.0 150 12.0 2.0
4 13 0.8 25 2.0 0.5
5 4 0.3 5 0.5 0.5
6 12 0.3 5 0.5 0.45
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curve of the forth equipment
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Table 3 Maintenance strategy of reliability more

than 0.9 of a single equipment

;?:i T/H b, b, min R, min F, /Jj
1 4 17 16 09128 28.08
2 8 8 17 0919 6 36.05
3 17 4 16 0.902 1 168.2
4 4 18 15 0.908 5 135.5
5 5 14 19 0.908 4 16.89
6 4 17 20 0.939 8 50.64
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Table 4 Maintenance strategy of reliability more than 0.85 of a

single equipment

;?:i T/H b, b, min R, min F, /Jj
1 4 2 14 0.862 5 24.08
2 17 17 0.867 8 26.45
3 19 4 15 0.876 0 156.2
4 17 18 0.8770 114.73
5 4 20 17 0.867 5 14.49
6 16 5 18 0.869 3 43.44
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Fig. 12 Curve of the reliability more than 0.95

of the railway traction substation
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Fig. 13 Curve of the reliability more than 0.95

of the railway traction substation
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Table 5 Maintenance strategy of the reliability more

than 0.95 of the railway traction substation

W TA b, b, min R min F /Jj
1 13 8 5
2 13 7 9
3 13 6 9
0.967 6 1277.6
4 13 7 6
5 13 6 7
6 13 7 4
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* 6 BT RETRF0IMEIEA R
Table 6 Maintenance strategy of the reliability more

than 0.9 of the railway traction substation

ESLIEN /H b, b, min R min F /Jj
1 7 12 7
2 7 14 13
3 7 16 3 09105 1082.0
4 7 10 12
5 7 9 8
6 7 12 7
4  Hig
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