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Abstract; The article designed a fault diagnosis algorithm
based on analytic model to achieve the self-diagnosis function
Firstly the article established the
fundamental frame, Then two fault diagnosis algorithms were

of sensors signals.
designed based on parity equations and observer. Parity
equation algorithm was designed by linear vehicle model and
kinematic equations which show the relations among the
different key sensors signals of vehicle stability control
system, and was used for them to diagnose each other.
Observer algorithm was designed by nonlinear vehicle model

to obtain fault information by Dragon Berger observer.
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Considering sensitivity and false warning rate, the fusion of
the two algorithms were proposed to improve diagnosis effect,
and the diagnosis rules were also reset. Finally, the fault
diagnosis algorithm was testified through several kinds of on-
road tests with different working conditions. The results
showed that the algorithm can provide accurate different types
fault information of different sensors as well as the fault

degree.
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Fig.1 Stability control system sensor structure diagram
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Fig.2 Distributed drive electric vehicle test platform
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Tab.1 Vehicle parameters summary

e 2 & S H
BmEmE/kg 1380 | MEEIHIAER/(kgem?) 18338
B¥E /m 2. 305 AIEEHE/m 1. 325
RS B PERS /m 1. 116 JE#HE/m 1. 390

JEMBIRLERE/m 1. 187
BEFLEHE/m 0.525

TR RIEE / (kN tad—1) —71. 219
JERARRIEE / (kN » rad—1) —108. 230

LRI 16. 68 FRRIERE/m 0. 29
#x2 RETFLEHEBUSEHIE
Tab.2 Drive motor test platform parameter list
23 3 AL G BERYLUFHD
e TR/ kW 15 5

T2/ kW 25 7.5
FURHE/(N - m) 35.8 100
WEfE#EHE/ (N » m) 90 150
BiESEE/ (r » min™1) 4 000 480
BRHHE/ (r » min—) 9 500 1350
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Fig.3 Sensor fault simulation
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Tab.3 Fault grading

WiE SR Lilapibd FasE  RE/
FH FE/(C) s E/(mes D /¢ (mes 1)
1 2~10 0.5~2 5~40 0.5~3
2 10~20 2~4 40~60 3~6
3 >20 >4 >60 >6
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Tab.4 Equivalent equation model and its

applicable condition list
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Tab.5 Equivalent equation algorithm residual threshold

th1 thy ths thy ths thg thy ths

thg thio thi1 thiz this thia this thig

H& 2 6 2 2 0.3 1.2 0.3 0.3
1n] 4 9 4 5 1 1.5 0.8 1.1

8 12 8 8 0.5 0.5 0.5 0.5
30 50 25 25 0.9 0.9 0.9 0.9
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Tab.6 Fusion function switching threshold
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Fig.4 Steering wheel angle information at comprehensive working condition

= 60
=
E’ 401
< 200
=
#of
_20 | | | | | | | | |
50 100 150 200 250 300 350 400 425
B8l /s
H5 HEIRFEEER

Fig.5 Velocity information at comprehensive working condition

*8 MEEMARX

Tab.8 Fault simulation method

1 FAERECRANE W g
2 FELRECREME A R B A
3 A R RS EE R R
3.1 RTHE
TR . R A R IR 67« s AR

CM#RAT 8] : 10~ 100 ) ; Pl [ i S A5 KR 1 m »
STEORAS R e CHN#R AT ] - 1 105~200 ) 5 #7743
AR 25° 5 AR CINMERAT 8] : 210~300 s) ; AR IR
#y 1 m e sT IR AR E (INEETH] : 310~400 s).

HH ] 6, S AR AU SE IR 25 S AN T

FE 10~100 s, B P45 T MR (116 428 A1 8 BE Tl
BEA B B LR RS R A T o, BB shi AR
FU(HARAR G I T HER R S U5 B 7E AR A
TERRE LT , BRI R R

FE 110~200 s, Bk 45 T HEGR (4 0] o) i 328

A B E R TR SRR T, B3R
FNZLABIRIR A H T HER TR S A5 B A H b %
AIERMER T BIERA =R ;

7 210~300 s, HF At FA% R T80, J7 e &
e i s W 4 3R I T R 7 R S A
TR, BRI ECORIZL BRI TR R
IR R A e B E M A B R R, ki
Fir;

TE 310~400 s, B T4 THR R LA, %3k
FEi2 W 4 0 H I B A IR AR, ZE R S A T e AR
o, BRI BIZN L ARMIR 45 T 5 R (i
FHE L. AHMERARBENELT, BREAR
.

3.2 ZTHE

TR AEE 10 s B 100 s INERAE B B EF

WS, SR A 2° » sT SRS M E32° « 5715 110~



# 3 KRBV R R G B R RIS 417
1o “lor 101
B | “ l B
£ 0.5 , | Wiy £ 0.5F |
£ ) L g E B
% o I I .| ] 1 & ()‘l ha i ] % 0 1 b 1 1 1
0 100 200 300 400 E o 100 300 400 0 100 200 300 400
BFIEl /s = BFIEl /s HFEl /s
10 5 - ;: w 10T
Fosp & & o.s5r
= ‘ U e i B
Qoo . . o HEoke i : , N0 . . ; .
0 100 200 300 400 0 100 300 400 0 100 200 300 400
IRl /s IRl /s W TE] /s

------- BUWLRE - - - IR
o HUIS A R O B T4

------- BWERE - - -
b 4 1 PR 1025

------- BUEER - - - KA
c e R B I

BT /s

2o . 1Lor
g/ it }" lim B}K
st e Sost
= P g
0 o . ; ; B0 .
E 0 100 200 300 400 0 100
= ARl /s
- 3: a0
g 2 $osk
N =
,<\,§ O IJ. f : ! ’<\.§ 0 L
0 100 200 300 400 0 100
BFIEl /s
—————— LWER - - -SSR
o ] Ty o R A PR I T SR
10r mmi
1 05f !
% 0 I I I “%
0 100 200 300 400
FF1E] /s
210 T
& 0.5F o
% ﬁ 1
’<'\l\ 0 1 1 1 ’ :
0 100 200 300 400
B8] /s
——————— LWER - - -SSR
g BN B iR

B /s
""""""" BWEE - - - LhibRiEn
e J7 ML AT B W4 R

” 3 gl
ﬁ proed
fz 20¢ ;" i
= i
1 1 J E 0 1 1 1 ]
200 300 400 R 0 100 200 300 400
el /s
_____ 3
H ﬂl
[y 1+ P
T | B R
200 300 400 0 100 200 300 400

B A /s
""""""" BWER - - - LR EL
WALty T T

o ,
Ef !%Aﬁ&u
S BN
i.w 0 | : Ii i i
¥ 0 100 200 300 400
ATl /s
-
& 1r T
8y . . o by
0 100 200 300 400
A A] /s
_______ BIFLER - - - S U
h SRR E WA R

6 HEBFREHESHTER

Fig.6 Each sensor step change fault diagnosis results
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Fig.7 Each sensor ramp change fault diagnosis results
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