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Method for analyzing fuzzy dynamic Bayesian reliability and its

application in motor vehicle brake system
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Abstract: Fuzzy uncertainty and dynamics are characteristics of failure rate in actual working environment of the
motor train brake system. In this paper, the triangular fuzzy numbers and the extension principle are employed to
represent the bottom event fault rate. By combining the dynamic discrete time Bayesian network model with the
fault tree model, the fuzzy fault rate and the posterior probability of the root nodes of the dynamic Bayesian
network nodes are obtained, solving the problem of reliability analysis of dynamic system under uncertain
conditions. The method has been applied to analyze the operation of braking air supply system of Lanzhou passenger
dedicated lines and the reliability prediction curves and the weak line of the system are obtained, which provides a
theoretical basis for the maintenance plan of the braking system according to the fault characteristics.
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Fig. 1 The membership function of trigonometric fuzzy numbers
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Fig. 2 Sketch of air brake system
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Fig. 3 Dynamic fault tree of brake control system
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Table 1 The number and failure rate corresponding to the name of the bottom event

%5 KBRS AT BEMIEL/ (ph™ D)

X, F R 4 AL [1.359,1.513,1.661]
X, 55 2 4R HL R [1.359,1.513,1.661]
X, 55 3 FE4 HL I [1.359,1.513,1.661]
X, o AT I 2 [0.828,0.921,1.012]
Xs il 3l KU ik [0.828,0.921,1.012]
X 1) T T 5% [0.828,0.921,1.012]
X; SOXUE I B [0.828,0.921,1.012]
Xs B4 R i [3.303,3.670,4.037]
X, T DT 2 17 i P [1.206,1.342,1.474]
Xy B 1o R e [3.303,3.670,4.037]
X, 28 S5 Dk A R [1.575.,1.753,1.925]
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Fig. 4 BN model of brake air supply system
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Table 2 Fault probability of leaf node

BFAPRAS T /h Pa=0)TR PGa=1 P(a=0) LR
[0,3 000] 0.045 9 0.041 9 0.037 8
[3 000,6 000] 0.089 8 0.082 0 0.074 1
[6 000,9 000] 0.131 6 0.120 4 0.109 1
[9 000,12 000] 0.171 5 0.157 2 0.142 7
[12 000,15 000] 0.209 6 0.192 5 0.175 1
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Fig. 5 System fuzzy reliability of horizontal intercepting ¢ =0 and ¢ =1
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Table 3 Posteriori fault probability of root node

A Pa=0) TR P(a=1) P(a=0) IR
X, 0.020 2 0.022 3 0.024 7
X 0.020 2 0.022 3 0.024 7
X 0.020 2 0.022 3 0.024 7
X 0.063 9 0.071 2 0.078 4
Xs 0.063 9 0.071 2 0.078 4
Xs 0.063 9 0.071 2 0.078 4
Xy 0.063 9 0.071 2 0.078 4
X 0.250 9 0.278 4 0.305 5
Xy 0.093 0 0.103 4 0.113 8
X0 0.250 9 0.278 4 0.305 5
Xn 0.121 0 0.134 5 0.148 1

2R 3 AR MR L 2 B 4 R AT AR R XL X, 15 SR A R AR O TR I 22 4 R B ) 1) J T AR B s
ACHE 2 F G0 R S AT T AEOT R 8 AT S R I, O R A I X R IR XL XL X R R
WA /N R TR AL S 2 TRARHLANEE 3 TR 40 HILXT T 28 G0 i A 58 4 52 0 fie /0 o RE 68 5 4 Hl s /DN A6 D) 24
PRIIUC . FABTRPE AT LA IR B ME R 09 RN HEY & B HER B LR B K

4 & it

DK FTA FIE e DBN BRI ZE5 8K I N HT = A SO K03 7% 3 1 09 850 Fee R R 7% 18 28 S S AR < 1 e
R AN E M L X5 A2 Bl FR G AT SRR AT R B R AT Y



% 6 SR F MBS EN AT ERS T ERALESHFH SR AT REA 41

2) 38 3 S A3 M A5 T Sl 2R G Y AT AR R T 2 DA B A% S S T S AR A5 B TR ) AR 4 R AR
F10 34553 B 1Y Sy ) S R B L IB AT AR R B R AL R SR AR I T B Ml

B2k

(1] EZE, R0, SO, 5. 2 B w8 3 42 4 09 0 3 Jy 20 e A0 vl 58t e A () ], 1R o K22 2 4k CA AR B2 0, 2010,
38(9): 1359-1362.

WANG Xiaoyan, WU Mengling, ZHAO Huixiang, et al. Braking force distribution of CRH2 and its reliability
modeling[ J].Journal of Tongji University(Natural Science), 2010, 38(9): 1359-1362. (in Chinese)

L2 ) W2k, 2%, Brfl. A5, @l o) 2l 3 R G008 T St 2e 5 e i [0, BB HL A 4240, 2013, 33(3): 95-99,

CAO Hongfa., ZHOU Jun, CHEN Wei, et al. Comprehensive analysis of operational reliability for braking system of high
speed train[J]. Railway Locomotive & Car, 2013, 33(3): 95-99. (in Chinese)

[ 3] Hong H, Kim M, Lee H, et al. A study on an analysis model for the thermo-mechanical behavior of a solid disc brake for
rapid transit railway vehicles[ J]. Journal of Mechanical Science and Technology, 2018, 32(7): 3223-3231.

C4] M, i, WAR, 5 BT LMW ERS REERUELH T ENRLIT]L K@M RE LRE5E L,
2013, 13(6): 154-160.

YU Bo, JI Changxu, JIA Limin, et al. Real-time fault diagnosis of urban train brake system based on LMI[]J]. Journal of
Transportation Systems Engineering and Information Technology, 2013, 13(6): 154-160. (in Chinese)

[ 5] LiuJ, Zio E. A scalable fuzzy support vector machine for fault detection in transportation systems[ J]. Expert Systems
with Applications, 2018, 102: 36-43.

[ 6] Wang Y, Han L, Wu M L, et al. A hardware-in-the-loop simulation test bench for subway train brake systems[]].
Advanced Materials Research, 2014, 1064 219-224.

[7] W, TWRAR, R0, & SHEIZREMERR K], 28EiE i TR, 2016, 16(1): 80-87,94.

ZHU Lu, WANG Xiaodong, WU Mengling, et al. Performance comparison of backup brake system[]]. Journal of Traffic
and Transportation Engineering, 2016, 16(1): 80-87,94. (in Chinese)

[ 8] XM, J&T FTA-AHP 098k 8% % 4 WK 255 PPk 7 ik [T, P EgE R A%, 2017, 38(2): 138-144.

LIU Jinghui. Synthesized risk assessment method for railway safety based on FTA-AHP analysis[ ]J]. China Railway
Science, 2017, 38(2): 138-144. (in Chinese)

[ 9] Yang ] W, Wang ] H, Huang Q, et al. Reliability assessment for the solenoid valve of a high-speed train braking system
under small sample size[]J]. Chinese Journal of Mechanical Engineering, 2018, 31(3): 47-57.

[10] 350, BB, JRIE, &5, 5T Sh A Mo me iy it b 42 5050 L 3 R ge g T &0 A [T ). MU E 5 A 94k, 2016, 45(3)
11-13,46.

CAO Jikang, YAO Entao, LE Jun, et al. Reliability analysis of train axle control braking system based on dynamic fault
tree[J]. Machine Building & Automation, 2016, 45(3): 11-13,46. (in Chinese)

[11] Wei X, Cheng M. Jia L M, et al. (2014) On simulation of urban rail vehicle electro-pneumatic braking systems[CJ /
Proceedings of the 2013 International Conference on Electrical and Information Technologies for Rail Transportation
(EITRT2013). Berlin: Springer, 2014, 347-356.

[12] Lavasani S M, Zendegani A, Celik M. An extension to Fuzzy Fault Tree Analysis (FFTA) application in petrochemical
process industry[ J]. Process Safety and Environmental Protection, 2015, 93: 75-88.

[13] Abdo H, Flaus J] M. Monte Carlo simulation to solve fuzzy dynamic fault tree[J]. IFAC-PapersOnLine, 2016, 49(12):
1886-1891.

(147 B2, XIHRK. JE T RO DL 07 190 46 1y 9 0 M 55 (36 107 8 AR 8 T Sk e (). v [ R0 2 9 2018, 32(4) ¢ 49-58.

CAI Chao, LIU Yangiu. Reliability analysis of logistics service supply chain system based on fuzzy bayesian networks[ ] ]. China
Business and Market, 2018, 32(4): 49-58. (in Chinese)

[15] Boudali H, Dugan J B. A discrete-time Bayesian network reliability modeling and analysis framework[]]. Reliability

Engineering &. System Safety, 2005, 87(3): 337-349.

(¥ K ¥



