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An Analysis on Reliability of Commercial Bus Safety Parts Based on
Maintenance Big Data
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(Research Institute of Highway, Ministry of Transport, Beijing 100088, China)

Abstract: In order to adapt to the intelligent development trend of commercial bus and reduce the risk of road
transportation operation, based on the big data of in-service commercial bus maintenance, the cumulative
fault probability and fault rate of commercial bus safety parts are calculated, and the life cycle fault types of
safety parts are comprehensively evaluated. The theory such as Weibull distribution function is used to fit and
verify the fault distribution function parameters. The cumulative fault probability, fault rate, fault probability
density, reliability function curve are, calculated and drawn and the fault distribution rule and fault risk of
commercial bus safety parts are visually displayed. The result shows that (1) the instantaneous fault rate of
driving system, braking system and safety protection device of commercial bus decreases gradually with the
operating mileage, while the instantaneous fault rate of steering system components increases with the
operating mileage, and the maintenance plan should be scientifically and reasonably formulated according to

the fault rules of different parts; (2) from the distribution range of failure probability density, it can be seen
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that different components of the steering system, driving system, braking system, and safety protection device

have different high failure rates, therefore, safety technical performance testing should be conducted

reasonably based on the fault characteristics of different components to reduce the risk of failure occurrence;

(3) in addition, compared with conventional safety parts, advanced driving assistance systems such as lane

departure warning system ( LDWS) and automatic emergency braking system ( AEBS) have higher reliability,

and the fault risk tends to increase gently with the service life, therefore, early fault prevention of safety parts

should be focused on, which is of great significance to improve the safety level of commercial bus.

Key words: automobile engineering; reliability; Weibull distribution; commercial bus; maintenance big data
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Tab.1 Safety parts of commercial bus
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Tab.2 Maintenance record data of commercial bus
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Fig. 1 Distribution of fault numbers of commercial bus safety parts
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Tab.3 Steering system fault data of commercial bus
J?%j?ﬁﬁéﬁz L y=
X WHG/ K MRH/%  Int;  In[In1(1-H)]
(x10"km)
1 1 7 0. 146 0 -1.848
2 2 19 0. 396 0. 693 -0. 685
3 4 30 0. 625 1. 386 -0.019
4 6 43 0. 896 1.792 0.816
5 8 45 0.938 2.079 1. 020
6 >8 — — — —
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Tab.4 Driving system fault data of commercial bus

o
- m “ff% b R« - y=
Lo WG/ K BHRH/%  nt, In[In1(1-H,) ]
(x10" km)
1 0.5 2 0.250  -0.693  -1.246
2 I 4 0.500 0 -0.367
3 15 5 0.625  0.405  -0.019
4 2 5 0.625  0.693  -0.019
5 2.5 6 0.750  0.916 0.327
6 3 7 0.875 1099 0.732
7 >3 — — — —
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Tab.5 Braking system fault data of commercial bus

T b
E%,&%%ﬁz it R x= ¥=
! ’ YHG/ D BAEH/%  ny, n[In1(1-H) ]
(x10" km)
1 1 13 0.100 0 -2.157
2 2 2 0.18  0.693  -1.588
3 4 60 0.504  1.386  -0.354
4 6 79 0. 664 1.792 0. 086
5 8 87 0.731 2.079 0.273
6 10 9 0.756  2.303 0.345
7 12 93 0.782  2.485 0.419
8 14 97 0.815  2.639 0.524
9 16 101 0.849  2.773 0. 636
0 18 102 0.857  2.890 0. 666
120 104 0.874  2.996 0.728
12 20 — — — —
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Tab. 6 Safety protection device fault data of commercial bus

3 =]
W%,mﬁ%h L y=
’ , WHG/ W BRH/%  Int, In[In 1(1-H;) ]
(x10" km)
1 1 11 0.229 0 -1.346
2 2 18 0.375 0.693  -0.755
3 4 24 0. 500 1.386  -0.367
4 6 36 0. 750 1.792 0.327
5 8 41 0. 854 2.079 0. 655
6 10 42 0. 875 2.303 0.732
7 12 43 0. 896 2.485 0.816
8 14 44 0.917 2.639 0.910
9 16 45 0.938 2.773 1.020
10 18 45 0.938 2.890 1.020
11 20 45 0.938 2.996 1.020
12 >20 — — — —
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Tab.7 Fitting inspection coefficients of commercial bus
safety parts
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Tab.8 Weibull distribution parameters
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Fig. 2 Diagram of steering system fitting
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Fig. 3 Diagram of driving system fitting
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Fig. 4 Diagram of braking system fitting
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Fig. 5 Diagram of safety protection device fitting
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Fig. 6 Curves of characteristic quality of steering system
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o
=N
Y

SRS
=]
=) n
i A
= =)
< N =N
= — )

0 1 2 3 0 1 2 3
/(<104 km) /(<104 km)
(a) ks B AR 2 2% (b) bz th 2%
0.8 1
i
i =
%m £ 05
@ |=9
= 0.2
0 0
0 1 2 3 0 1 2 3
/(<104 km) /(%104 km)
(c) Heba i 22 % P o 2 (d) TR 2

7 THARA RS ML
Fig.7 Curves of characteristic quality of driving system
reliability
[P PRI, O AN [ 2 3 A2 il B g 2 IX TR) Be &%
T o] i 2 A A AR 0 A B APl e 2 A XS

5 #Hig

(1) SR, FNGRRAE. 00K
WA/ ARG TR L, B s R A ] SR
O RE I R B 2 BB ES EOK | BT aE
RIZHAFRE R, WREH I, FW, &l mE s
AR AT A N RO PE REAS AL AR R AL

(2) TERIE 12 % 4 Wb 3 5 ey 1Y 22 4 v 1
N Bl s B B S E L WUk B
ARG, WS E R ACE | sl B R



5113

XEHE, . BT YHE KRB N EHE R G A AT SRR ST 235

b BB
=}

S W
bk

O T

0 05 1 15 2 0 05 1 15
HLFE/(x105 km) FEFR/(x105km)
(a) W SR ARNE 26 i 2 (b) TP A 2

[’S]

2 1
B
g 1 !
B =
S 1 I 0.5
i =
= 0.5
0 0
0 05 1 15 2 0 05 1 15 2
HR/(x105km) /(%105 km)
(c) Wb hE = 25 o il 2 (d) ATHESE 2R

8 FIFNRAIEIFHEE Lk
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