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Abstract The reliability of engine and chassis system is the key factor affecting the performance of commercial vehicles.
Accurate and comprehensive evaluation of its reliability is of great significance to guide the improvement of commercial vehicle
reliability. Based on big data of faults, a reliability evaluation was conducted for the engine and chassis of four commercial
vehicles within a specific manufacturing enterprise. All the fault data of the four commercial vehicles in 2021 were collected for
preliminary statistical analysis, and a random sample was drawn to form an analysis sample. Based on the U-test to test the
difference between the sample and the overall data distribution, the probability density distribution function of the engine and
chassis system fault interval was fitted, and it was inferred that the distribution law satisfied the Weibull distribution. The
traditional median rank method and kernel density estimation method were used to mutually verify and calculate the distribution
parameters of the system. The Kolmogorov-Smirnov (K-S) hypothesis test was used to verify that the sample data of the fault
interval time followed the Weibull distribution. The reliability evaluation indexes such as reliability, failure rate and mean time
between failures were calculated. After 500 days of driving, the reliability of the four commercial vehicles were 0. 002, 0. 003,
0.007 and 3X10°. The fault rates were 0.021, 0.016, 0.015 and 0.063. The average time between fault were 146. 088,
129. 492, 149. 755 and 70. 897 days. Based on the reliability evaluation results and fault contents of engine and chassis system,
the optimization scheme was proposed to provide reference for the reliability improvement of the commercial vehicle system.

Key words Reliability evaluation; U-test; Median rank; Kernel density estimation; Weibull distribution; K-S
hypothesis test
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Tab.1 Example of details fault content of a commercial vehicle
KL B R
A RS H# H#H
Brand Engine Sale Fault
type date date

2
e
Code

BB A B

Fault name

B

Fault system
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Post-

processing
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Tab.2 Data summary of the number of broken down commercial

vehicles and their failure systems L
B R 2T AIA SREB REC ED
Fault system Brand A Brand B Brand C Brand D
fE 8 R SE Transmission system 37 243 32 314 14
KHPLRL Engine system 89552 1372 631 287
Y HI RS Cooling system 1339 213 134 5
Posl—fnﬁi%ii%ystem 170616 13213 13441 5387
T R4 Lubrication system 2246 121 0 32
JRINZ L Fuel system 13645 1020 1294 241
JA B R4 Starting system 473 19 0 5

PR R4 Intake and

exhaust system

IR S

Electrical power system
LS RS Electric system 9317 358 4 066 73
Bl &4 Valve system 1438 73 122 0

97 953 317 1061 102

2683 151 97 19

B

Number of fault vehicles

12 654 3355 8269 1948

K3 BRERINERERGHERRELS
Tab.3 Summary of engine and chassis system fault data for

commercial vehicles

SR AR RAPIREERG PR RS
L Ir:u‘_:nber i i L A1
Brand  faults Number of engine and Ratio of engine and
of fautts chassis system faults  chassis system faults/%
A 428 288 414025 96.6
B 16 931 16 342 96.5
C 21 160 16 942 80.1
D 6165 6033 97.8
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Tab.4 Sample of engine and chassis system fault data for

commercial vehicles

TR 5T SEEA REB EC WD
Fault system Brand A Brand B Brand C  Brand D
{8 2258 Transmission system 83 2 19 1
KEHLFAGE Engine system 221 84 32 39
BHI RS Cooling system 4 9 8 1
3 2 45
Post—:iijfifg fystem 422 798 788 886
W RS0 Lubrication system 6 5 0 9
BRI RS Fuel system 31 76 86 47
JE B R4 Starting system 2 0 0 2
ARG
Imakej;fl;;;hfuf system 231 23 60 13
A AR SE Valve system 0 3 7 0
B REL Total number of faults 1 000
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PR, AR BRI |
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similar to the population distribution

v
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Signiticance level was selected as 0.05

v
S R

Calculate the statistic P value
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v v
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v
ARG

Resample and inspect

1 Uk

Fig. 1 Calculation process of U-test
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Tab.5 U-test result of system fault samples

s it

A B C D
Brand
P 0.479 1 0.493 2 0.708 2 0.8927
P value
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Tab. 6 Observation sample of the system fault interval

2

g/ NIRRT BRI 1] di AR v R e )

i L - . ) . sy
Brand Minimum time Maximum time Class interval /d
rane between faults/d between faults /d ass miervat i

A 1 484 32.2

B 1 461 30.67
C 1 476 31.67
D 1 224 14.87

AL B pR OB T30

n

fUFn&i (3)

A, n A ER s A, 2 EE o 2H R0 n, 246 1E
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Fig. 2 Probability density function of the system fault interval
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Tab.7 System distribution parameters under median rank

F'(t,) = (10)

estimation
i JERZ 4L INEE 2
Brand Shape parameters Scale parameters
A B =13359 a =156.163 3
B B =1.1636 a =121.7297
C B=12717 a =148.953 4
D B =1.3922 a =73.841 1

I FH K-S AR 5677 125460 30 24 RiTAEAS B8 2 75 A+
B AT IR G A ol SR 22 5 BB o A eR A T
F' (1) SR 1Y SRR AT R R F (1) R 22 M
D,... )t 5I&5 DIE R, 45 D, < D, WHEZ 1% W
AT i BA 3 A
PEHU R M KF o 8 0. 05, AR AR B0 I i 35 1
AP AT Y FRS 56 Y A D AR, T
1.63
Jn
A =0 C11) AR, 78 24 i 2 2 1 KR 89 i A
D =0.0515,
D, TN
D,. = lrg?an|F(t)—F’(t)| (12)

H1 70 A 2580 K-S s R g6 T 45 DU i R A R 32
B BRECF (1) R RZEE D, IR 8 FT7R
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Tab.8 Maximum difference between cumulative distribution

D = (11)

functions of systems

fh i Brand e R 2EH Maximum difference D,
A 0.042 6
B 0.0418
C 0.048 2
D 0.039 9

FH 2% 8 AT, 76 X5 W T AR S HOR R S 800 %A
T, HERZEED,, ¥I/NF D, BIDUAS & i 42 % 3l
BIL LG 25 22 0 1 30 s 1) oy s ) 250 40 A9 AR R DA JB8 AT 1
I3A
2.2.2 HmEEAETE

A% 8 BE A T2 B AT SR A B 20 A —
Fh oA AT, TR EECE A% BURTE 1962 4F 1%
WY WK “Parzen” % 11 71k o HLEARTTHE R

F = K (13)
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R 2, P2 i Al SE PG BORG 2

BT DU b BT 2 R S L RS 48 2R 4 1Y
(i) o Fsf ) R A K5 , £ Bl Sklearn HL 3% 2% 2] B9k P, A8
SCYSAEPEAS A [] ) 2% pR B 570 SE A AL (R PR , e & Tk
HGE FH T AT 7K 3 A 080 B2 1 v 30 A Ti] s ) 5 e
W SE S EOT LG LTI R i Rt 4.
AT S AL 2 S 45 A 0 HAR S 5G  AR An 1A 3 B
7N o b B AR hy s ] R s R) B A A 2O
NSRRI AZ PRECA A 5 RS 48 R 45 8 1% R AL
FHT T8 10 S 500 B 5 38 LI UE A AN R [ S 804 A
AT A BRI RE

i S SRR
Data set Parameter preparation
| ]
MR
Grid search
A
R PE AR
Kernel density estimation model
XU
Cross verification
Y
BRI R SRk
Result analysis and parameter selection

|

FRA
Model application

B3 BRSSPI > A S

Fig. 3 Combined experimental process of kernel density estimation and

machine learning
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Fig. 4 Kernel density estimation probability density function of systems
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Tab. 9 System distribution parameters under kernel density
estimation
it TR S5 REEZHL
Brand Shape parameters Scale parameters
A B =1.6582 a =163.436 6
B B =1.3861 a =141.850 3
C B =1.460 4 a =165.3222
D B=1.6138 a =79.136 9

5 25 K-S M A 0 T 7542 % B
P A R B B F () B R ke 228 D
10 7R .

F10 EHZERSHGREFEKEE

Tab. 10 Maximum difference between cumulative distribution

functions of systems

it R
Brand Maximum difference D,
A 0.033 5
B 0.049 7
C 0.047 6
D 0.0362
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PR, e REME D, /N T D, RV 5 BEAG T F Y
PO it WP 42 A sl BIL R 458 % 8 F) e e ] o Pk ]
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Fig. 5 Comparison of curves of system cumulative distribution functions
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Tab. 11  Reliability of commercial vehicle engine and chassis systems

S Brand T HEJE Reliability
A 0.001
B 0.003
C 0.007
D 3x10°
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Fig. 7 Comparison of curves of system fault rate functions
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Tab. 12 Fault rate of commercial vehicle engine and chassis systems

SR Brand MU Fault rate
A 0.021
B 0.016
C 0.015
D 0.063
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Tab. 13 Mean time between faults of the system

sl -4l e ] 1]
Brand Mean time between faults/d
A 146.087 5
B 129.491 6
C 149.755 4
D 70.897 3
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Tab. 14 Fault analysis of engine and chassis systems for commercial vehicles of brand D

OB 2 R e
Fault name Fault system

e

Fault reason

Rlgiigeyiin

Impmvement measure

R LR S8

Post-processing

EGR [ i e B JOT

EGR valve stuck fault-wide opening

system
SCR i BE 12 s 2 A5 45 Rk il
(288 LB IFESLES

SCR downstream temperature sensor Post-processing

dynamic rationality fault (deviation system

exceeds the upper limit)

JEAL PR BT

Post-processing

VRER I FE A i 22 A e

Urea consumption deviation major fault
system

EGR I T, B, 35 2
EGR valve wear, carbon

accumulation, blockage

e IO REE e B A A R B

Sensor is faulty,the cable is in

poor contact,or damaged

JCPHIR | PREZR 5T 22
Component damage,urea fluid

quality is poor

S SV ) 10 2 AT, (0T o B PR A e A
Replace vulnerable parts regularly , and use high-quality

fuels and lubricants

AEWHH SCR R GEZ A, WA T Tl B2 1%

Py v S HAR LR

) Regular replacement of SCR system components,

regular maintenance of downstream temperature sensors
and related lines

FE WG A FIE L SCR R G ouit: TE VR
Check and replace SCR system components and clean

pipes regularly
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