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Real-time joint diagnosis method of multi sensor fault for traction drive
system based on structural analysis and extreme learning machine

LI Xue-ming', LIU Kan'', CHEN Zhi-wen*, GAN Wei-wei'-*, CHENG Zheng-lin'-3, JIANG Feng-
bing®
(1. College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082, China; 2. College of
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Research Institute, Zhuzhou 412001, China)

Abstract: Aiming at the problem of possible false alarm caused by the single diagnosis targets and insufficient
consideration of the strong coupling between sensor signals, a joint real-time diagnosis method of multi-sensor faults is
proposed. The research begins by analyzing the diagnosability based on the existing sensor layout and constructs the
minimum structured overdetermined equation set(MSOs) and fault characteristic matrix that can achieve isolation of all
sensors faults. Then, based on the sensor signal sets corresponding to each MSO and relevant system mechanism
knowledge, the input and output signals of the data-driven model, the order of model input signals, and the correlation
between different input signals are determined. Subsequently, using the extreme learning machine(ELM) algorithm,
data-driven models for each MSO are established based on historical normal data samples, enabling effective estimation
of their output values and generating residual sequences. By combining these with the fault characteristic matrices,
effective detection and diagnosis of different sensor faults are achieved. Finally, a virtual and physical joint test
verification platform, which employs semi-physical simulation and on-site fault scenario recording, is used to test and
verify the proposed diagnostic algorithm. The verification results demonstrate that, compared to existing methods, the
proposed method can achieve rapid detection and localization of multi-sensor faults in traction drive system, offering

significant value for engineering applications.
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m

g T = (30 (R)) /ot e, s
TR,
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FH T 52 B o 15 1 A 500 e S AR OK, LR Tl
THRZESH ERAIRY, MAH CUSUM (cumulative
sum) ZvENY TR ZE A

gri(k) = max(0,gp:(k— 1)+ T2, — To), (12)

D HL Ak 2= B RN W R g (K) < by, W2 H;
W gri(k) > h,, WX H,. H

1, gri(k) > h;;
{0, iméki < hi. (13)
FErfs R TRV ) W B e S RAE, F DN R SR 45 2R,
1 ORI, 0 FoRIEH .
2.4 LWRIE

W8 Mk ZE KR EE 7 N A gr: (k)i = 1,2,
o, 8, R BAE MR hy ~ h, % Rh R I R AR
BAL D MNAN Funs Froes Fraa~ Fuacas Frus Fros
Fy M F,,. 2T BRI 55 4 00k E e 56 B 5
SE G FE A KR MR 45 SR, T A S 2 TR ) P S
I AN e 1) A A5ORS 5
3 WAKAE
3.1 PRI R IR AA

RICEETHBG EfT LS RGMAH K RS
B, SR HH 2P S0 355 I W 37 S SR Uk 11 R S TR
A MR8 UE - 6 5% A SC BT B H B0 kAT 056 0E
ZF 6 B I S R 43 X A
P8 AT BAUL I S A S B, 5N 2 T A
07 28 55 308 1) Sy AR B8 I 3 3, S B B 12 i 5
RIS

BT R G DAL RS W I, 4 i) Th A AT B
HILTHE SRR GIEIT R, WL TCU 2@ i A
HL IR HLULMR 5 B R 1 (AR EAR O T RE b)) 15
52Kk E B IAT A LRI B R, N T 38 s i 5 e A
K. TS REPATH R SIMESR, REGHATE B
B, ARG R AL, SRR B,
T ARUETE R G HAT -3 S A BT A ORI HE ke, A
RGBS 2 R G AT R B 1B X B R
“i2 Wr ¥ 4 JA 3 (golden cycle for Diagnosis, GCD)”,
b5 12 W7 BT 75 ) 1R 75 /T GCD A BE AR IE B b 2%
. A SRR (45 00 51 2 2 5| A% B 2R G il 3 A
i B R G AR b TR A9 A A B R A
il EFR 2 000 V; PR R fidziil b TRy 2 550
A F1-2 550 A; HIAL U/V A EEES] L FRR 1550
A F1-1550 A. 24 TCU £ 21 i T 55 H 0 H E ik
By PR, R R R 14 T B R A TR L ) R
FENE.

FRi =

BT BIR R, AR R A R E R
(correct isolation rate, CIR) Al £5 | 4E i (detection
delay, DD) X 12 by 503 i E B VR RN SR 3E 4T PRAR
CIR 5 DD W5 51505
Num(F,y = Fi| Foa = F;)

Ny

x 100,  (14)

Pcr =

ton = t. — to. (15)
Horbe N 9 BB M BEAE A B, 00 9 SR T H )
WIS F o R SR B i 5 A 28 ¢, Ay g s 41 e ik 21
to HRRE R A I ).

3.2 WAL RS

5 NP R A B R AR D% . T LR
i, ¢ =9 s B AL S R 3R E 5y, R R 0,
Je 4 R R B, P TR LA P R T i BT, DU %
PRE N LR IF AR K, B4t = 9.052 s i A H] B
AR HH P B BR (B “UCL”), TCU 7 B 44T ik
B E, TSR RS AL A 0.
HI & 5(b) 2 AT A0, SRR JS, Ry ~ Ry X6 N 1155 84 7
DUAE AR X T MR T BT ROR Al R 2, 5l
5(c) HRL I G i B T2, ~T2 A1k 5 o MU g,
~ Gr, PG IR, B2 R WE 5d) /TR
H, 41t = 9.022 s i 2R G0 IE6f2 W X0 H A JK
e, HoAEAR B AL E,, AR 1, A I IE N 29
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VI A TR A R 2% e ) 12 T P R A 5 SR G
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& AR AN A AL KPR R 2 2 5 T R ), 2 S 30M
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4 & #

ARSI T ML T A 5| A B)) F G0 45 W e R RS
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T % A S A b S A R A 2 I v I B A b
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2) $EH T — Bl I RS i i R SR Bh AR
EWik, BRESRIGES Z MG XR, &7
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ARG R TR, B 2 A% 2 BT el L e TR 2
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