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ABSTRACT: In order to detect the minor fault of the current
sensor in the permanent magnet synchronous motor (PMSM)
drive system of new energy vehicle timely and accurately, a
minor fault diagnosis method based on adaptive sliding mode
observer is proposed in this paper. First, the hybrid logic
dynamic model of the drive system with minor fault of current
sensor is constructed, and then the fault reconstruction of minor
fault of current sensor is carried out by using state
augmentation and nonsingular coordinate transformation. In
addition, an adaptive sliding mode observer with fast
convergence and high-frequency chattering suppression is
designed to accurately estimate the reconstructed state of the
system. Finally, the residual between the actual value and the
observed value of the system reconstruction state is used as the
detection variable, and the norm is used to design the adaptive
threshold. The method proposed in this paper can not only
diagnose minor fault and obvious fault, but also detect the
whole process from minor fault to fault and even failure, with
high accuracy and strong robustness. The experimental results
verify the accuracy and robustness of the proposed diagnosis
method.

KEY WORDS: PMSM drive system; current sensor; minor

fault; adaptive sliding mode observer; adaptive threshold

EEWB: [FREARIEEE STH)(U2034209); [H K H AR
Ak (T B 5 H )(51977153) i [ 1 £ )5 BF 22 B G B H
(2020M682474).

Project Supported by National Natural Science Foundation of China
(Key Program)(U2034209); National Natural Science Foundation of China
(General Program)(51977153); China Postdoctoral Science Foundation
(2020M682474).

R : Oy SIS RS A TN LT BRI AR AR A TR 2D FE LK B 2R
4t FL AR IR AR TN BB, 12 R Y — R T N R
T IS R2 W 532 o 1207 R 1 A A B SRR T
NP KBRS 2R Gk 2 A S, JLUCR AR 1) A
AR AF 57 AR AR A LI RS ) i b AT b A, SRR
BT S PR L RE W8 18 e SRR P 1 T AR s
LS IS TE R G EMPIRG, fa K RSB EMPRELIES
R Bk 22 A Do 00 A 5 J ) P Y Bt vt B I I R ML 23
FEH T VEARE S Wil e b A I 25 s, T EL vy DAAS
MRN8 A0 Oy d 25 i T A R R AN A, vk
s EEPER  SCIG A RIGE 1T T I R T A
Btk

KR KEAFD IR RS RS Ui
BRI & & BE

0 3§

BEAE BT BRI BOR B PRI A, KR [R] 20 H
Hl(permanent magnet synchronous motor, PMSM)ﬁ
HEA I RE LM BREEN A, CROvHTRE
VAR Z N SR E L. ATR, PMSM T
VEM IR 2% 278 H AR A AN (B Wiis AT, S 3L i
2, A IKEh R G5 H A S R R PMSM
BAT %AW B P AR T A R
Fiha, I B R R b e Bk REIR AL AR S SR IR
Wb, BAMREN RREAN R ARy A 7ER)
HIXT RS MAAR ML 0T, SR 225 I TR AR 2R
PRI R TG OR, WTREE AR N RGEVERER ﬁ@



7278 ST R < 1 R D =SR-3

43 %

PRV SE R a0, R, BF%E PMSM BRE) R4
HEL I A SR A /N W B 2 T T, T RRTRIVR
PMSM H 4 4iafT B A EEE L.

H A, PMSM BRZH R 45 H i i 8s 5 3 i is
Wi 7 D B T R e R, STk[o1F
FH VA A B2 1) = AR % R RN 7 A P, A i
B A I A5 e RV T & BB AE, LASEE PMSM [T HE
WAL RS T TF R 2 0T . SCER(10)@ M i S
BELR HL IR 1k 2 1) e P A &, R RN
(77223 PMSM BKZ)) 2 4t HL i A6 I 2R A% i e
B SCHER[111#9% PMSM IR3h RS 1 A 4ER AU
TU2% DA = A FEE, AR U3 — o Ak 2 D i 3 0
165 SEBrERRZE RS WTAE &, ST L IR R 1
AN B SRR 12 W o 0k J7 7 BT PMISM K5 &2 4t
FL IR A A S 2 B AT TR AL, (B B A%
RN SRS 255 IRMEAR, DI AERRE
g s AR5 2 R, A O T K, A R R
& B3 S B W2 W 7 v LU, BRIk PMISME 3K
Bl R G L IRAL S N 2 W AR — D A

2RI A SR AR N WSR2 W ik T B U
XS L W BRI R AT RS (P W g vk . T E s
UK (12 W 5 2 IS I B AT A i FI A e, 2
P 1 A2 B IR IS MR AE R, AT SE IR AL IR AR
ANEBEIS I SRS TR 25 R A MR
B e T 2 2 E U R T A S A R s
KA &, SEI SR A 4 2 AR IR AR TN R 2 I
BT H 05 K Bh 12 W O VRO T IR R AR
MR, H5%ZRGMEERME R, £12
Wi R AR R AR S AR R (S B R S, &
FSCAH/IN R R A R R AR

STl A A SR PR 2 W v 2 B E I 40 R Ay
TS b B 28 i 5 2 2 T it 2 () ) Bk 2 ok
HEAT SRS WO, B SCRR[18 X B = PR R
PRI AL 2%, AR L) R 0 R B
BV WA, ST AR AR N SR 2 T
SCHER[19]38 5K 720 B HLIR BN R GRS T R
Gt, S FH AR 8 U LA 5 S B FEL IR R
G WA, ST IR AR B i S
Wr. SCHR[20] 8 Je @it B R /R 2 I8 S A% i
il B AR IR AR R, AR )52 T Kullback-Leibler
PR A 3o AR U A, SR P A S /N
W ST AR AL (12 W7 vk B A 2 Wi a) e AN
THR AR S, CEAE BN 2 W

ZRH. HiE, EREITEIERZEN RS
PMSM IXZf 5 4t HL A% IR A8 AR 18 AT I B M
AR RS 7 A & BORANR], 7 V0 L B 2
H o BRltE, anfe] 57387 BE VRIS ZE PMSM JR3) R4t 1Y
R, JER & &2 B iGN RE, &5
LR LA B T N R 12 I (A 0 5 DG

R, AR R IR T IS R A A 1
PMSM 3Kzl 5 4t FL AL B8 T/ Nk s 12 I8 7 o 1%
TR SR S A A R R R ) BR B R
GURAIBENABA, IR ARG FAEE AL
P 728 4 % B TR A% R AR /s W R AT PR A .
R, VeSS R HL RE 8% 4] s SRR 1 1 i B
WA ZE, DU EARES. A5, KRR
230 EE AR IR AS S B B 5 A P ke 22 A Ay e e A i A%
IR AR E TR HIE N e, R
A AN AR B 1 O B B A IS SR I Wi S
SEIL PMSM B3] 5 4t HL AR s /N i s 12 W o
1 REEA
1.1 BEERABENSER

PMSM UK Z) R 45 (253 i i B 1 fos
B 1A IR ARG AR RS B 6 AN [ IF I
W DRI RAE Vi, Vielk=a,b,0) B i, b, ic N
MG R NETHI; LoNE o4 HLE;
e=(e,, ev, €)' N ab,c =M HENH Us N E MR
g,

El1 PMSM JREhRGHIFHE
Fig. 1 Equivalent circuit diagram of PMSM drive system
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Fig. 5 Minor fault diagnosis results of

phase-c current sensor
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Fig. 6 Drift fault diagnosis results of

phase-c current sensor
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