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Abstract: In order to improve operation efficiency of the electric multiple unit when running reliably, a
multi-stage opportunistic maintenance decision strategy with bi-objective optimization is proposed based on
the traditional opportunistic maintenance strategy. The window of opportunistic maintenance is
equidistantly divided into multiple stages, and components located at different stages are maintained by
different efforts. Aimed to solve problem of assigning multiple maintenance tasks of components, an
assignment algorithm with two repairpersons is proposed. To further improve the multi-attribute
optimization performance of this model, the proposed algorithm is introduced into the multi-attribute
decision-making. The numerical example analysis verifies the effectiveness of the multi-stage opportunistic
maintenance strategy in optimizing availability and average cost rate. Furthermore, the influence of weight
factors on optimization tendency is discussed as well.
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Tab. 2 Integrated model optimization results
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WfAL/d s R B B
49 1.5 3,0
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157 1,2,5,6 0,2,0,2
208 1,2,3,4,5,6 3,0,0,0,0,0

253 1,5 0, 1
279 2,3,4,5,6 0,4, 4,4,0
315 1,3,5 0, 4,0
336 2,4, 6 4,0, 4
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Tab.3 Trend of average cost rate of model

H
T Y
P=2 P=3 P=4 P=5 P=6
TR AR 145.5  144.9  144.1  148.8  151.6
LR A 191.8 189.9 173.8 181.9  175.2
] R R A A 204.8 194.4 187.6  190.7  193.4
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Tab.4 Trends of availability of model

A
A

P=2 P=3 P=4 P=5 P=6

TR AR 0,922 0.919  0.920  0.917  0.914

LR A 0.945  0.952  0.950  0.950  0.944
CN R 0.954  0.955  0.957  0.956  0.954
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Tab.5 Influence of different weight factors on maintenance strategy
PIE S AT K F 4 Ci./78 Cyys/TT ”é;}./d H A i s A BB 1 )
1 w1 =1sw2=0 19 800 48 373 29.24 144.1 0.920 (r,1,1,1,1,1,1,1,1,1.1D
2 w1 =0.55,w2=0.45 19 800 49 996 26. 74 147.8 0.927 (1,1,1,1,1,2,1,1,1,1)
3 w1 =0.53, w2 =0.47 23 400 53 366 23.25 156. 2 0.936 (1,1,1,1,2,2,1,2,1,
4 w1 =0.52,w2,=0.48 25 200 55 064 21.59 160. 3 0.941 (1,1,1,2,2,2,1,2,1,)
5 w1 =0.50,w2 =0.50 30 600 60 273 18.23 173.8 0. 950 (1,2,2,2,2,2,2,2,1, 1)
6 w1 =0. 44,0, =0.56 34 200 63 767 16.18 182.8 0.956 (2,2,2,2,2,2,2,2,2,1)
7 w1 =0,wy=1 36 000 65 537 15.58 187. 6 0.957 (2,2,2,2,2,2,2,2,2,2)
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Tab. 6 Comparison results of number of maintenance repair-
person
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Fig. 6  Assignment of components and mainte-

nance repairperson in Option 2
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