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PMSM Flux Reconstruction Method Based on Integral Sliding Mode Observers
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Abstract: In view of the demagnetization fault of the permanent magnets of the permanent magnet synchronous
motor (PMSM) rotor, a flux reconstruction method has thus been proposed based on the integral sliding mode observer.
Firstly, the current state equation is established of the permanent magnet synchronous motor during demagnetization
fault in the d-g axis coordinate system. Secondly, an integral sliding mode observer is constructed with the
characteristics of the sliding mode observer and the proportional integral observer combined together, thus realizing
the on-line detection and reconstruction of flux linkage information of the permanent magnet synchronous motor
(PMSM). Finally, the stability of the integral sliding mode observer is verified based on Lyapunov stability theory,
with the permanent magnetic flux linkage reconstructed according to the sliding mode equivalent control principle.
The simulation results show that the designed integral sliding mode observer is characterized with a high observation
accuracy for flux linkage, greatly improved in its robustness and rapidity.

WS HEE: 2022-05-20

EeTR . WA E TR SIS ST H (2140354, 20A162, 18A267) ; IR FIRBlARIT R4 Yl A
(2021750052 )

TEE® N Nbele (1974-) , L, WME TN, WREEEHZ IOV AR EBERMBRE, LRSS BEAR A,
E-mail: 422328009@qq.com



5 6 1] Xeste,

— 0L T BRI T AU o 14 7K ) A L ML B R 3% 43

Keywords: permanent magnet synchronous motor; demagnetization; integral sliding mode observer; flux

reconstruction

1 MRES

7K #% 6] 4 Hi, HL ( permanent magnet synchronous
motor, PMSM ) HA = 5. @, REBUN
MRS, SRR, BRI AR
WU Ah, PMSM HUA 1L R AE TR | s AR
AIEEVE R 0TS L MR IR HBETE A UG SRt
TSRS B Ik, PMSM &4 W BLIE 2238
G RGN BNLZ —, B8 T —1 %2 5]
HUMLAY R 1) B AR [ 52 S e (R A g L,
HTHIE ) PMSM a7 58 A5 G4, 1
s T Yy Z BT KRS . K22 5K
WP AR A A AR AN TR R 50, 38 e -k R
We oy BRI it s 1 — B AR g, R R e
BRI BT PMSM BK 2l 23 5 LS PRig A7 1%
DUARWIG, T2 R FCAS AT G 5 2 5 B0 PMSM 4K 5))
APEREREAR, TUEA S SECEVIRE . BN Mt
REEALR R A DR A £ XS , B £ PMISML (148 42351 5,
X LR W8 s R A A DN 5 B A S AT R b

HHT, X SR SR ARG I R, LOURIIN g %) e
Bl AT AGE I B ) SR S TR A M0 A B A2 W Bl
i, SCHR [7] 2T PMSM ¥ i A B A AR, i
b E SRR, FAY TR R S A
SO g R , UF IS 2 8 FRERETS S o STk [8]
I EATTAS LI 215 5 T A58 I 6% R 485 5 19 3 %
T AT B THEA TR 467 7 S WG B B R . STk [9] )
JHBRE R 22 b 1 A XL i S0 T 73 R A 2 s A e 1)
FELRASINEE AL, (AR LR . RS R R A
GRS IE— 2B AR S RS B UG B, SOk
[10] StXHE 5 7 A H B 2 550% Az B8 B wfE LA A R
W ARG EE R IR, S0 T —Fh T B iE AR 5
Ly T AL £ 1) ARG PR B LI SR, DRUE T e
A EIDRG B B2 o SCHk [11] W55 T PMSM ) 2K i
For i n) &, 25 A aE N AT R s, R T —
Rl e N g RPN aa o R E B VR g S UM E A
SEPL T XK AR R A HER A T

R YR A P R UGS G B LR B ) 5
Wil o Ay SR AR K7 5 | R0 B LR RGBS R
TELA , PREEPIE M S 817, AXEG
TE AU 25 R0 L AR 2 WD 25 R A, B T — i
TR T AU 25 (Y PMSM R £ B AN J5 vk Friseit

DT AHER T T AR A fR 1 sh A, R
OGRS SR TN B R, S U
BT, IR T XIS ECR R SR
Dy ECERAEH], B WL a5 REAE S B K B R A HERY
e EE UL

2 RGgER

FRAENE OL T 1Y PMSM TE d-g MAR & F LR 7
R R 1,

u, =Ri, + -0V,
v (1)
— ; q
%—&@+dt+%ww
HA:
W, =L, v (2)
Wq :Lqiq’

A1) (2) s w, Cuy) iy Ciy) Ly (L) o, ()
I EFBEH d (g) BB R . s,
HUBM B RIRESE 25w WG TOKRERTERE; RM
EFHI; o, WHEMAEE.

24 PMSM & A R ISR IN 7K R A A 1 /)N
AT o R A, MIX = (2) ARG EE T R nl LA
HEN

W, =Ly, vy (3)
v, =L, v,
H Ay
l/’rd=l//rC057/’ (4)
W, =V, siny,
Avlrd =l//rCOS7/_l//r07 (5>
Ay, =y, siny,

Kb Ay, (Ayy,) 539008 d (q) BIOREEESR 3 3 4,
HA Ap<0, Ay, >0; y HEHEmW 2, Hyel0°,
90°) .

HI TR BERBE A2, 45 (1) PR B
RIBCTFHHLE &% , RSl 2R pOPERE 5 SEPriat T
ANDERE, AT EEE R RE IR TR 7 SE B H AL
Pl R E R IRIs T, JF HREE SRt PMSM 1
iEATIRGL, EE PMSM TER G T 1Y d-g s
f A Sy 1



44 WMo Lok ok % % i 2022 4F
o di d(y,+Ay,,) 3 FROIEEIE 2T M ok BE R R
uy,=Ri, +L,—*-o,Li +—————"-0Ay,, .
d d PEE
o 4 . dAy,
u,=Ri, +L, A +oL,i, + +o, (v, +Ay,,)e 3.1 TRy EEN N ESiE T
(6) SZFR PMSM R HY, ARGV RE BE ) /N A A

RMERBERT, PMSM £ d-q A48 72 T (14 HL GG
TR

n:%npme+(g—Lﬁg)@+AwmQ—Awwg}

(7)

K T, W n, AP

F [ESCERY PMSM BRB RGeH, HLE R EOW I
[i] PR AR Ak 38478 U ML R BT [B) A AR A 3R /)N, filemT
PLAH :

d(y, +Ay,,) ~0s
dr
ary, (8)
dr
MW=L (6) WEEN
u,=Ri,+L, CZ;’ ~oLi, -0Ay,
(9)

di
u,=Ri+ qu—: +o,Li, +o, (v, +Ay,)o

Xt ) AT AL MRS T A3, nl S d-g
A bR ZR T A RS K R ) A LA HL R A

di R Ay,
i___sid a)c_‘?l"_{__d X Vg
dt Ld d ! Ld Ld
(10)
diz Si—w dl' u_q l//rO+Al/jrd
e d e
dr Lq ! Lq Lq Lq
PR a)ei L 0
A A= Ly Ly B= L
~ Ld RS 1 ’
_a)e_ — — O —_—
Lq Lq Lq
we
o 0 "L
C=[ ] E = 1|, F= , Tk
0 1 —a)eL— == 9

JE iy F i, RS AR &, WIS RSE (10) AT LA

G d-g AEARFR T PMSM KA I PR S 7 Ay
{x:Ax+Bu+Ff+Ey/ro, (1)
y=Cx>

e xou, fLy HlPREZR . RERAL K

whfkiR . Rothth, HEX x, u, fh

s=[i, i, ] u=[u, 0] r=[av, ay, ]

1, BILATECS, WA | /)< 0. BT A u
RIATR H y, ST SRS B BB
RS WL 592 BTl A ) 2 K
wh.

£ SMO HES FEURI R A5 Hik
i A MRFAL o, FBGIY, =L, [y-5], IF
(REIRUT v, T 5B B 22k

(12)

k>0, k,>0; L W& HIZS5.
JITBBE TR Fr A L DL I 1

Doy .
i % b

Ry
< L

Y

u B

—P y
1 y

B1 WMFHIEE
Fig. 1 Block diagram of the observer

eI A

T N =
e:[ed eq] :x—x:liq_ij|O
iR e RFA15:
é=x—X=Ae+Ff—Lo(y—5)-Bv—Bx,o (14)
L3525 RN RS SO B R UL g LIS, B
BIEMSE K, LFIL, FECeAEA BRI ] A 7]
LT 0.
U (14) BRI R RS T R e P IR x,
M EARIBAE W, JF1eE RZEUMB T8 —4 DR
AR, HHS I T HERIE A

M P MY TS e

(15)

(13)

KHTrAE



25 6 1 XIeHe, &6 —FPEE AL AR LI 25 B4 7K R ) A H A LR A T ) i 45
A+A,0=A, (16) X (18) fRAS (22) 715
Horhgy . .
HodT 4 =[Ale+Ff—Bngn(e)—BCLIJ.e:|Te+
R L
— 0 - e[ A+ Ff - BK sgn(e)- BCL, [e]=
d Ld
4, = R |’ 4= L ° T 4T T T T T
0 = _X eAdet+fF e—[ngn(e)+CLIJe] B e+
3 L
N ! ’ ¢’ Ae+e Ff—¢"B [K sgn(e) + CLlje] -
4
AZ—LCZO, ( 17) e’ (AIT +Al)e+2eTFf—
AL E] 2eTB[K sgn(e)+ CLIje]o (23)
L=4.C", (18) HLAR 25t 0%, S N TE AR
-1
Hoficr=(c"c) ¢ YW
Fh T LA 75 59 26" Ff <L e FFTe+n ff" =
n

M MU H
X, LC 0 ||x 0 0
3 2o X FRL A3 UL 45 465t PR 1R 2 RS B R B
Meryxr e g, 2 (18) 1% L pBUE R
AN, ARG SMO 1915 22 IR 35 8 R AR b H
A Ay, I A BE ST, HO— R, A
A o, XEETHER T o, SRS &5 i 2
AR, $EE T A SMO BB A I TEfE . TR,
B3 SMO 5 T SMO Fil L R 43 WL 25 P & A 4
B, PRE T BRI X AR v B3I (A AR
43 SMO HA 1 HL AR 43 W00 25— B0 — B 3 i
$ T A> SMO RYZNASAETTEE s AT v LR R
MIEE58 T FRS> SMO X ZHUBAL A RELE, 1458 T
ARG S
32 AN BENNEEREMES T
EIE 1 AFE/NIETE A e
A,T+A]+%FFT+§ISO, (20)
P I PR
o M EBOE 5 L, A1 K 9IHUE, WIEC (19) Pox
ORR 3 B UL i R 22 70 AT BRI RSO F R A8 €
E$E Lyapunov pPRECH
Vi=e'e, (21)
SR S A5
V,=é'e+e'é=
[Ae+Ff—La)e(y—j;)—Bv—Bxl]Te+
e'[Ae+Ff-Lo,(y-j)-Bv-Bx, |=
[Ale+(A2—LC)a)ee+Ff—BK sgn(e)—BCLIJe]Te+
e'| de+(A4,- LC)w e+ Ff — BK sgn(e) - BCL, [e-

(22)

leTFFTe+11 Vi SleTFFTe+n620 (24)
n n
A= (24) F1 (20) , ATLASE]:
V,<e' [AlT + A, +LpEr Je+n62 -
n
2eTB[K sgn(e)+CLIje]$
—eTQe—ZHBK sgn(e)+BCLI_[eH||e||+7752 <
=[P ~2|(B& sgnte) + BEL, [e)lef e +ns>
(25)
MY G (26) BIZRIERT, AV, <R,
ns’ .
C+ 2H(BK sgn(e) + BCL, [ e)|e[
A, i Lyapunov fasE M RIHE, =L (19) Br
BT HAR TR #5158 22 BETE A BRI R s, 3%
SR T ORI £ A P UERH
3.3 okELAHESEER
RGNS T e J5 , P VAR AR (S e )
fe=e=0, LA (14) 155:
f=F‘]B(veq+xl), (27)
K, v, BRI v (19— A5l o
X (27) A KBEARRESETE d-g bR &R F BT
HEPL Sl Rs Ay
AY = (—k2 sgn(eq )—L12 e, )/a)e,
Alf/rqz(k,sgn(eg,)+LIl ed)/(oeo
YRR T AR AN 1 S M R i R BHIR
MG, oAb DHA SRR O(s) BRIV A
ANEBRERY sgn(s) REL, LUABIRTEHRBIZ A R
THBR U HnT LUK PMSM 2 i B st () B M BBk

(26)

2
el =

(28)



46 WMo Lok ok % % i

2022 4F

HhA (29)
8=~k (5, =) /(i =7, |+ 21 ) - 2 g)/by
Ay, = (kl (z’d —i:,)/|id —iAd|+g2 +L,|e, )/a)e,
K, & Fle, BINRT 0 BYHEL
A4 S5 5% F A AAAE d-g b R T % 43 ik W
Vg J

(29)

. N 30
Vig= AVpe (30)

DRI, - 2R T s o e~ 3 T A T e P W (/N B A (B

IR
AN (31)
[ B, LA ) R R B I A 5 R AR REBE A f i
Z Il i 22 A EAG D Ay
?zarctan(ti/rq/t/zd)o (32)

4 REHESN

K Fl Matlab-Simulink {J5 B X} 7 #& H (49 3 F 850
TR AU I 1 (14) f e o ) B R A 5 ] A P 0 B RORS
PEIGE, B A HLEARS B L3 1,

&1 PMSM ¥ 5HE
Table I PMSM parameters and values

{‘/7,4 = Al/,}fd-‘ry/r()’

Z M Ay B
FETHF (R,) Q 0.02
q U (L) H 0.003 572
d A (L) H 0.001 500
AHEARREE () Wb 0.892
i (J) kg'm’ 100
XS (ny) pairs 4
e #%k (B) N-m-s/rad 0.000 1
B E (V) \Y 1500

LT B AL I 8 ) A R ) 215 ri AL A e 47 il
HEPET & 2 fros

R SVPWM Inverter

L™

u
Lpe pref

—
s I 0

d T i q | 1, lq

N * abc
ek | L DI

wougy [ P dy /<o
. iy I UHIE e

Wnll i'//u] & u, ‘
KR o,

ks ot : o
[l [OACH
e

B2 EFROBEVWNI[E PMSM H ik i IRE HIAE E
Fig. 2 Block diagram of closed-loop speed control of PMSM

based on integral sliding mode observers

WE 2 BN, %5 R G A T
CEI 10 o B SN AR B 93 e I 270 1 U
IR A A ) T A AR

K =0 B HIR M. AR AR T A R Pk
M, B E k=k=30, L,=L,=10, £,=6,=0.01, (18 )
198 L BUE N

L=[ 0 23813]0 (33)
-0.4200 0
41 EEBEBITTIHHELERSH

FERRMLIER BTN T, Bl EEsl, =EY
Uy e RN 265 5 F% 4 43 99 R 100 r/min 1 100 N'm, [#]
3~5 435leh T K EETRI D FAILAE IE RGO o PR
T | IR VAR S IR 9 100 R - b L 9 BR B 155 L 1Y)
PFELLE R

120

100

801

60r

Hi/(r - min!)

wl -

20,

i

%

0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
Hif 1) /s

3 EREBITHNEEXRESSEE
Fig. 3 Actual speed and reference values under

normal operative conditions

0.8922
— S 5
weennes SEBR A

- 08921 SRR

£

IE’

& 0.8920

=

;“g

R 0.8919

0.8918 . : : : : : :

0 05 10 15 20 25 30 35 40
1 [)/s

B4 IETRESITRBK#E#EESTRMES WUE
Fig. 4 Actual and observed values of PM flux linkage under

normal operative conditions

10
L ;
....... bR

‘JJI

0 0.5 1.0 1.5 2.0 2.5 30 35 4.0
1) /s

a) d¥il



— 0L T BRI T AU o 14 7K ) A L ML B R 3% 47

%6 X, &
600
— A ;
500 St
....... SuUN
400
= 300}
= 200l
100}
oF
~100 L ! L L L L L
0 05 10 15 20 25 30 35 40
I /s
b) g %h

B 5 EFZITHHE d-g BRRERMES WUE
Fig. 5 Actual and observed values of d-g axis current under

normal operative conditions

ME 3~5 ALV, FEERBITIEM T, Hil
S i v BE S R B IR R LS, d-q BRI
NN RE PRHAE i B LS BREL,  DA T felE 445 i O
IN{E BB ERA IR b LS PR{E.

42 REEMGEEERSH

FERBEEOLT , BMAFEGERS), REVIGREEN
100 t/min, 25550 100 N'm, 76 1 s BHEE v, Ik
INR 0Ty, 2 s BFICE w, /N 0.5y, 3 s BFIRE v,
WK 03y, R, 161 s BHEE y oy 300, 2s BFik
By ka5, 3sHHEE y M 60°,

] 6~10 43 255 T 7K B[R] A5 FAILAE [ st 24 W
(BRI BE SR GBI, d-g BB | o BREBED S 70 6
TG SR |« d-g BREE 531i RN W 22 £ 1 5 2L
EE N

10
— LI
....... SRR
5 -
=
£
0
5 , . . . . . ,
0 05 10 15 20 25 30 35 40
HiF 1Al /s
a) dHh
600
— W ;
500 i
....... SRR
400}
= 300
2
@ 200}
100
of
0005 10 15 20 25 30 35 40
1) /s
b) g %l

Blo KAt d-g MBIRERMESMAE
Fig. 6 Actual value and observed values of d-g axis current

during demagnetization

MK 6 FTLUE Y, MKREATE 1,2, 3 s AR[F]mT A&

A R ELR REAN A LR RIS, d B TRAERFTE 0 A A2 A7,
g FHLIRAE 1,2, 3 s AR K

0.1

0 — WLEL 5
oab b e SR

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
He ] /s

B 7 KELR d HEZSEIL BN B SLBRMES W ERER S R
Fig. 7 Tracking of the actual and the observed values
of the d-axis flux linkage disturbance component during

demagnetization

0.9 — WL 5
....... P,

0 05 10 15 20 25 30 35 40
H ) /s

a) SCPR{E-SUMIE

(=}
9

IKWEAARERE IR ZE /WD

05 10 15 20 25 30 35 40
) /s

b) IRZEH
B8 KERHELIRESWIEREIREMLE

Fig. 8 Actual and observation values of flux linkage with their
errors during demagnetization
1.0

0.9 S A 5
STBRA.
osf wenen SEPRAE L

0.7[
0.6
M:
04|
03|
02| S

01 1 1 1 1 1 1 1
0 0.5 1.0 1.5 20 25 30 35 40

HF[E) /s
a) dih

TEHE 5 BE/Wh




48 WMo Lok ok % % i

2022 4

0.35

0.301

0.251

0.201
0.15F
0.10f

WEGE 7 /WD

oo —
Oprmmmmmemmmesd bR

~0.05 . . | | | . .
0 0.5 1.0 15 20 25 30 35 40

HiF[A]/s
b) q%h
9 KREERT d-q HREESES ERPRES WNE

Fig. 9 Actual and observed values of d-¢ axis flux linkage

components during demagnetization

70

WEHEW2ZE /1)

—
] — CLT

0 0.5 1.0 1.5 25 30 35 40

2.0
s ) /s
a) SEPR{ES W {E
30

Tl e i 22 AR 1 22/(0)
s o 8 8

W
T

0

S0 05 10 15 20 25 30 35 40
I /s
b) RZEH

10 KEM#HEREAXRESUMNERH
RERERH L

Fig. 10 Actual and observed values of flux linkage deviation
angle with their error tracking during demagnetization

M 7~10 fT LI, 24 s AL IR e A A 2K
AR LRI, g WG EE > AE 1 s 712 s IR,
IAE 3 s I8/ s @ il B o0 7 AR L IR 220 240 )N
{EHAE 3 s IFAFAE— /N2l (H HOUL Bt et i
BREAFLSCPME . d BRERE /P AE 3 s I AL Bl 33
Sl T (L %0 ORI 0 O 22 ) R ORI (BLAE 3 s I
L7 A T RIS TB] Y R U 2, (ECHCS RE TR i f R 2t
ESEPRE

W EROF AT, d-g BRI . KRG BE

KNG SRR ZE S0 S d-q S s i LI (E AR E S
e PR BB LSRR, X e R iR
B LN 85 FT RS T e S 30 7 A A R (L
M6, SEEL TR KR VA S T S AR A EAL

5 &5

ASCLI B [F) A AL TR BEOR R &, 2
HH T — Rl T AR i ASOL I 5 1) 7 R ) 2 i AL e
HR T TN d-g AAARFRT AR BLR RSO R
SR, et E TR RGUREAL R, dak A
FEREIURIAR P WA T AR OO 4%, SEBL 1 Xk
WA AT R S TELRAG I . DT ILARER], TR
R AR 3T AL 25 BB 88 X 7 0 A e S 37 DRSNS
MR, B UE 1R T AR T BOULI #5 0 i EE A
DT HERRVERIA R o 5 SR T AR K A ] 20 H AL
AR A L2 S B0 A A Bl B B e LA 42 o 7 T
BT

S 3

(1] LA | & sl A2 LG TR A0 22 5 R GE R [J]. AL
FfLsh, 2016 (4): 1-5.

FENG Jianghua. Research on the Permanent Magnet
Synchronous Motor Drive System for High-Speed
EMUs[J]. Electric Drive for Locomotives, 2016(4): 1-5.

[2] FENGJH, XUIJF, LIAOW, et al. Review on the
Traction System Sensor Technology of a Rail Transit
Train[J]. Sensors, 2017, 17(6): 1356.

[3] R&AM, IMER . BETREEBNLA S| RGeS A
FBIER (). BLA LS, 2019(1): 35-39.

WU Donghua, SUN Chuanming. Development of High-
Speed EMUs Based on Permanent Magnet Motor Traction
System[J]. Electric Drive for Locomotives, 2019(1):
35-39.

(4] sk, L, WKk, A KBEH LR RS
Wik giak [J]. e AL, 2013, 46(3): 77-80
ZHANG Zhiyan, MA Hongzhong, CHEN Cheng, et al.
Review of Demagnetization Fault Diagnosis in Permanent
Magnet Motor[J]. Micromotors, 2013, 46(3): 77-80.

[5] BHUIYAN E A, AKHAND M M A, DAS S K,
et al. A Survey on Fault Diagnosis and Fault Tolerant
Methodologies for Permanent Magnet Synchronous
Machines[J]. International Journal of Automation and
Computing, 2020, 17(6): 763-787.

(6] Z£iM, Br ¥ . sshil?d: PMSM IR AL IRH2 W M
AL ()], TR A4, 2017, 32(5): 1-8.
LI Hongmei, CHEN Tao. Demagnetization Fault
Diagnosis and Fault Mode Recognition of PMSM for



6 4 Xeste,

— 0L T BRI T AU o 14 7K ) A L ML B R 3% 49

[10]

EV[J]. Transactions of China Electrotechnical Society,
2017, 32(5): 1-8.

iR, TR, B, 5L WS AR EE R A
5 HLBIL AU A PR PR R B RT AT (0], BRI
2020, 42(11): 60-67.

FANG Xiaochun, WANG Tingting, YANG
Zhongping, et al. Full Speed Range Torque Closed
Loop Vector Control of Permanent Magnet Synchronous
Traction Motor for Urban Rail Train[J]. Journal of the
China Railway Society, 2020, 42(11): 60-67.

fp W, sREL, Bk, SF . —FlOKEEFD ALK
R PR A TS (0] AL S R AR, 2014,
18(2): 8-14.

HE Jing, ZHANG Changfan, JIA Lin, et al.
Demagnetization Fault Reconstruction for Permanent
Magnet Synchronous Motor[J]. Electric Machines and
Control, 2014, 18(2): 8-14.

ZHAO K H, CHEN T F, ZHANG C F, et al. Online
Fault Detection of Permanent Magnet Demagnetization
for IPMSMs by Nonsingular Fast Terminal-Sliding-Mode
Observer[J]. Sensors, 2014, 14(12): 23119-23136.
Hzd, 2R, K% &N Hr i oK A 25
HLBILK R G AE ORI 7], - 55 AR 2441, 2020,
34(3): 163-170.

MU Yunkui, LI Xiangfei, CHEN Xuan. Permanent
Magnet Flux Linkage Observation for PMSM Based
on Adaptive High-Order Sliding Mode[J]. Journal of
Electronic Measurement and Instrumentation, 2020,
34(3): 163-170.

[11] ZHANG M Y, XIAO F, SHAO R, et al. Robust Fault

[12]

Detection for Permanent-Magnet Synchronous Motor
via Adaptive Sliding-Mode Observer[J]. Mathematical
Problems in Engineering, 2020, 2020: 1-6.

wOW, PR, KEL, F.ETY R KL
) 20 22 5] WL AL EAE 2 I 7). BRI 24, 2016,

[13]

[14]

38(2): 48-55.

HUANG Gang, LUO Yiping, ZHANG Changfan,
et al. On-Line Demagnetization Detection of Permanent
Magnet Synchronous Traction Motor Based on Extended
Flux Linkage[J]. Journal of the China Railway Society,
2016, 38(2): 48-55.

KE N, RO, T #F, S —FOKBE R ALK
R A A I A 580 (0] B TR SR, 2017,
32(15): 100-110.

ZHANG Changfan, WU Gongping, HE Jing, et al.
Fault-Tolerant Predictive Control for Demagnetization
Faults in Permanent Magnet Synchronous Machine[J].
Transactions of China Electrotechnical Society, 2017,
32(15): 100-110.

BV, FEE, W, 5. —MUREER A HLE
A FRAETORE R 258 T A S5 (0], W R4,
2021, 36(1): 27-38.

ZHAO Kaihui, ZHOU Ruirui, LENG Aojie, et al.
Finite Control Set Model-Free Fault-Tolerant Predictive
Control for Permanent Magnet Synchronous Motor[J].
Transactions of China Electrotechnical Society, 2021,
36(1): 27-38.

[15] HUANG G, LIJJ, FUKUSHIMA E F, et al. An

[16]

Improved Equivalent-Input-Disturbance Approach
for PMSM Drive with Demagnetization Fault[J]. ISA
Transactions, 2020, 105: 120-128.

Xt ARSI MATLAB L. JEAEEE S
B [M]. 4R st FEfRRsA R, 2019: 4-5.
LIU Jinkun. MATLAB Simulation of Sliding Mode
Variable Structure Control: Basic Theory and Design
Methods [M]. 4" Ed. Beiling: Tsinghua University
Press, 2019: 4-5.

(WAL B AR )



