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Table 4 |r,,| of various component operating at different c/)

hu

COC 3 o . -
W 4 A& EIFE/10" km o AR Ty ‘/104 km
J.
25.2-17.9-13.3-13.9-13.8-24.3-23.4-16.4— 1.100 0-0.836 0-0.630 0-0.648 0-0.651 0-1.119 0-1.108 0—
0 48915 -0.012 700
23.1-13.9-12.1-17.2-13.3 0.792 0-1.080 0-0.674 0-0.576 0-0.803 0-0.641 0
25.0-22.3-14.6-24.3-19.5-23.5-20.5-29.1- 0.387 0-0.362 0-0.244 0-0.392 0-0.326 0-0.386 0-0.341 0—
200 44214 -0.004 440
1 18.2-40.2 0.474 0-0.310 0-0.647 0
25.0-22.3-14.6-24.3-19.5-23.5-20.4-19.0— 0.066 0-0.061 9-0.041 7-0.067 0-0.055 7-0.066 0-0.058 3—
400 43 632 —0.000 758
18.2-40.2 0.081 0-0.053 0-0.111 0
25.0-22.3-14.6-24.3-19.5-23.5-20.5-29.1- 0.036 0-0.033 7-0.022 7-0.036 5-0.030 3—0.035 9-0.031 8-
600 43640  0.000 413
18.2-40.2 0.044 1-0.028 9-0.060 2
0 80.2-42.8-33.0-39.6-32.3 33047 -0.016 500 3.390 0-2.010 0-1.540 0-1.810 0-1.530 0
3 200 76.2-58.5-23.9-34.3 30947 -0.014 800 3.070 0-2.540 0-1.120 0-1.470 0
400 82.0-51.9-43.3-36.6 35123  0.015 500 3.180 0-2.190 0-1.830 0-1.560 0
600 76.2-58.5-23.9-34.3 31941  0.008 950 3.070 0-2.540 0-1.120 0-1.470 0
23.9-10.4-13.4-20.1-9.6-27.4-10.5-9.5— 0.043 7-0.020 1-0.025 3-0.038 0-0.018 9-0.051 3-0.020 9-
0 49285 —0.000 412
23.5-20.5-23.1-22.5-23.0 0.018 2-0.044 2-0.039 4-0.044 1-0.043 2-0.044
27.8-22.3-22.2-27.3-24.0-21.9-27.1-40.9— 1.268 0-1.051 0-1.048 0-1.284 0-1.142 0-1.043 0-1.281 0-
200 46 186 —0.011 700
. 9.8 1.923 0-0.496 0
27.8-22.2-22.2-27.2-23.9-21.8-27.0-40.8— 1.090 0-0.904 0-0.901 0-1.100 0-0.982 0-0.896 0-1.100 0—
400 46 857  0.010 100
9.8 1.650 0-0.427 0
27.8-22.2-22.2-27.2-23.9-21.8-27.0-40.8— 0.192 0-0.159 0-0.159 0-0.194 0-0.173 0-0.158 0-0.194 0—
600 44240 —0.001 780

9.8

0 29.5-23.5-18.7-35.5-16.8-21.3-25.1-47.5

4 200 26.9-32.1-17.7-22.8-48.0-46.8 27 145
400 26.9-32.1-17.7-22.8-48.0-46.8
600 28.5-28.1-13.6-13.2-16.2-46.5-48.8

0.005 030
26392 —-0.001 710
31632 -0.001010

0.291 0-0.075 0
0.059 0-0.049 9-0.040 4-0.074 1-0.037 6-0.045 5-0.053 9—
0.099 8
0.428 0-0.534 0-0.310 0-0.384 0-0.795 0-0.803 0
0.146 0-0.182 0-0.105 0-0.131 0-0.270 0-0.273 0
0.086 3-0.089 5-0.045 5-0.043 0-0.052 2—0.145 4-0.159 0

32140 -0.000 692




CORE WREEE, RAF], BROFA<: JET RIRENER Sl 4L OC R EAE SRS (I AR 65

KEEB YR T — 20 £ =200
BIEFTHME T 2= c0=0 === c0=200
24+ !
221 [
I S
L6 & S48 P AR B :
14 8 s AL AT LN ;
VI TRV Y (R | )/
:ﬁ 10+ oy W/ V) : . : Py
8' : e Pl l'
6F .ﬁu 5% H i. 4
4t L4 b td : --‘—’ '__,--___ e
2_ 1 1 1 1 -I. 1 1 1 1 1 1 1
0 20 40 60 80 100120140 160 180 200220 240

HEY10* km
(a) B 4T B R AR L £R (¢ = 0 Fll ¢ =200)

| ==c0=0 ==c®=200 —cP=400 — cH=600

[0

o NPhoxxONAN
T T T T T T T T T

20 40 60 80 100 120 140 160 180 200 220 240
HAY10° km
(b) TR 4 2R AR AL ) L T 2R (P FE 2Ry s K1)

Ko R4 pEAAs fon He 2k

Fig. 6 Comparison curve of variation in failure rate

for component 4
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Fig. 7 Opportunistic maintenance interval of component 3
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Fig. 8 Preventive opportunistic maintenance plan at system level
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Fig. 9 Preventive maintenance plan at component level
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25.0-47.3-61.9-86.2-105.7-129.2—
149.3-178.4-196.6-236.8
2 76.2-134.7-158.6-192.9 1 3 25503
27.8-50.1-72.3-99.6-123.6-145.5-
172.6-213.5-223.3
4 26.9-59.0-76.7-99.5-147.5-194.3 1 5 24747

0 10 44936

1 8 47358

25.0-59.0-72.3-99.5-145.5-192.9 0 2

25.0-47.3-59.0-86.2-105.7-123.6—

4 0 6 41444
145.5-172.6-192.9-223.3
72.3-123.6-158.6-192.9 0 1 1 2 19 159
25.0-47.3-72.3-99.5-123.6-145.5~
5 0 3 44 817

172.6-213.5-223.3
1 3 31345
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Optimization model for reliability-based maintenance strategies
of critical components in electric multiple units

CHEN Jiayu, SONG Dongli, GENG Fangdong
(State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu, Sichuan 610031, China)

Abstract: To address the issues of under-maintenance or over-maintenance in current preventive maintenance practices for electric
multiple units (EMU), this study focuses on investigating the influences of full lifecycle maintenance and operational activities of EMU
components on their degradation characteristics and maintenance strategies, under the framework of a full lifecycle management ap-
proach. At the component level, a maintenance strategy considering seasonal influences and operational costs was proposed, to dynami-
cally reflect the evolving trends in component degradation characteristics associated with maintenance activities. In addition, a parallel
quantum genetic algorithm was incorporated to calculate parameters such as the optimal maintenance interval and reliability. At the sys-
tem level, a preventive opportunistic maintenance strategy based on reliability margins was established to create dynamic opportunistic
maintenance windows, thereby reducing system downtime occurrences and lowering long-term system maintenance costs. The experi-
mental results indicate that, compared to maintenance strategies without considering operational costs and seasonal influences, the pro-
posed strategies effectively reduces maintenance costs for EMUs by implementing more proactive maintenance measures, while ensuring
component reliability, system availability, and planning rationality.

Keywords: electric multiple unit (EMU); operating costs; preventive opportunistic maintenance; seasonal influences; parallel

quantum genetic algorithm; high speed train
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