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Abstract [ Objective] Door system is the most frequently
used critical system during vehicle operation, so it is necessary
to study its reliability and failure characteristics to ensure the
safe operation of urban rail transit. [ Method] Based on the
data of door system failure conditions across various Shanghai
Rail Transit lines from February 2021 to February 2022, a sim-
ulation model based on FTA ( fault tree analysis) is established
under given state transition rules. Based on this model, the
Monte Carlo method is used to simulate the reliability of un-
known failure modes; by performing static simulation, the
pseudo-random numbers are generated using the linear congru-
ence method to replace real random numbers, and the failure
rate of top events and the importance of basic events are calcu-
lated; by performing dynamic simulation, the reliability distri-

bution and lifetime sampling values of each component are ob-
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tained through multiple distribution fittings; by simulation ex-
periments, the density distribution curves and reliability curves
of the system are plotted. [ Result & Conclusion] Numerical
results show that,because the failure probability of basic events
that obey exponential distribution and Weibull distribution with-
in certain time intervals is very high, thus the system is very
likely to fail when it runs into this time interval.

Key words metro; train doors; fault tree analysis; Monte

Carlo method; reliability
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Fig.1 State transitions of logic gates

XF51T,24 S8, +85,=0,5,=0;%S8+5,>0
WF, Sy =10 A —FiE5d m] LU W 26 s HoAth
55 LI AH I o

YFET, S, +S, =2 0,8, =154 8, +8, <
2 1,8, =0,

XFF# LT (VOTE GATE) , 24 S, + S, + S, +
S1<3,8,=0,248, +8, +S, +8,,=3,5, =1, @it
W CIEH ) WA B0 AT DL e o8 0 (1) 5 HoAth i
WL E)

1.3 HEHIES

ASCEFNF 2021 4E 12 A 10 H %] 2022 42 A
10 H (1) 1965 0 A2 30 45 2k 16 00 20 1) bR 1 a4 7
G0, B BB L AN & 2 B o

20

R AR R IR
S

2021-12-10 2022-01-10 2022-02-10

B
K2 S8 TR ol

Fig.2 Door failure conditions across various lines
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Fig.3 Simplified model of door system fault tree
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Tab.1 Event code correspondence table

R SR IR I i %
X1 1 fh e A i 0.001 152
X2 2 Hh i A i 0.001 152
X3 3 i AL A 0.001 152
X4 4 b B AL IR 0.001 152
X5 EIBAATRIT R 0.000 500
X6 EDCU % 0.000 813
X7 HL R T 5 0.000 356
X8 BT A 0.001 250
X9 L i ) A 0.000 749
X10 UG 0.000 962
X11 W 2 / W 0.000 100
X12 P AL 0.000 058
X13 G R 0.000 250
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Fig.4 Simulation flow chart
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Tab.2 Importance of basic events

vz FEA YU AR R B o AR AL
X1 0.003 42 0.004 620 000
X2 0.003 42 0.004 620 000
X3 0.003 42 0.004 620 000
X4 0.003 42 0.004 620 000
X5 1.000 00 0.000 500 000
X6 1.000 00 0.000 813 000
X7 1.000 00 0.000 356 000
X8 0.001 71 0.000 002 140
X9 0.001 25 0.000 000 936
X10 0.001 25 0.000 001 200
X11 1.000 00 0.000 100 000
X12 1.000 00 0.000 580 000
X13 1.000 00 0.000 250 000
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Tab.3 Distribution parameters of basic events

Nz YIS S H A TR SE(B.m)
X1 0.001 152

X2 0.001 152

X3 0.001 152

X4 0.001 152

X5 (3.45,2 145)
X6 0.000 813

X7 0.000 356

X8 (6.06,8 096)
X9 0.000 749

X10 0.000 962
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Fig.6 Density distribution curve
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