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High-order Terminal Sliding Mode Flux Observer for Induction Motors

SHI Hong-Yu* FENG Yong®

Abstract This paper proposes a rotor flux estimation method based on high-order sliding mode and non-singular
terminal sliding mode for implementing the field orientation control of induction motors. A nonsingular terminal sliding
mode and the control law of the observer are designed. The rotor flux of the motor is deduced using the designed
control law. Meanwhile, the high-order sliding mode technique is adopted to eliminate the chattering phenomenon of
the conventional sliding mode so that the control signal of the observer can be used directly for rotor flux estimation.
Compared to conventional sliding mode observers, the proposed observer can estimate the system state with a higher

precision. Further, it is insensitive to parameter variations. Simulation results validate the proposed method.

Key words Flux observer, non-singular terminal sliding mode, high-order sliding mode, induction motor

AL LI N HE AL DAL &5 48 7 B TR 7 (L ] RE TR
Fis 2 TYEY . AR A, R RET T aE
J vz R I o 4 A i s RN % R 4 R
B, LR TRE N T MR b AR 2
e E N AL FE R 2 1 Wi 55 54T Bang-bang
A, AT LI i e R = AR kBl AR B AR
2, BRI T VR L % A ) 0T ML I e B A
Ly ) SIEAT I A ) 38 I AR AR AR K BN AL
55709 S50 R LU FELML, AT T BAAS L L F LIS A %)
JBGN R ATL 3R AT PR 1 e R RT e s o), AR A AL LA
RUF I sh B A PERER 4. X R ) 7 0k 1) S e T
HER IR WAL B () /N AL, DL 2 R
1 /T B AR B 2R TR AIA R A e R - B A DR/ PR
TG B ST o R R R A kA, B
FEN FE 00 Ik A AL P S g & Bl R A i G AR
SEHL. AH T SRR &, 1 32 LU R
Wi, AT AE - TR B A ORIk i 23 i, BOHEAE S B &R
Gerp N . AT, R R AR T 8 R R4
NI 5 7245 0 O BRI FH I 1 5 7 LR S 58 T LR

Weks 3 2011-03-15 A HM 2011-10-24

Manuscript received March 15, 2011; accepted October 24, 2011

E % BRI H4 (61074015) ¥l

Supported by National Natural Science Foundation of China
(61074015)

BLTHEMZE X SN

Recommended by Associate Editor LIU Yun-Gang

1. MR TP R T TR R IR/RIE 150001

1. Department of Electrical Engineering, Harbin Institute of
Technology, Harbin 150001

FIH AL TS B, S 0o 55 T 75 W% 1 K /N A
frE. OFEH TIRZ ik, W Luenberger W2 5
PRIOT WA S 2 G N VR0 RIR B R g
IO e i 90112 A BRI BT VAT AL
SN R, B 52 BHLZSECR A 5 m.

HI, VAR AR GE A s ol DRDGT 2R G B A R R A
BEELRAR, FF0t RGNS E 508 L ANBIS B A R

L (BRI, BT A 34 S BRI 2 v
SCHLN FE B T RERE AN T, FEAEARR M T A5

a5 s B (L R A T ASOUL U 2 A AE PR LR
ANRE AR IRAF A, 1 AN MR P8
e, MANESE (1 BEP A5 5 b PR DOZE 28 1 25 25 4
T, bl Ak By 9 3 BRSPS
RIARAL I, 3 e 7 MR BEAN v AL e, B A
TAG T AER L. A R I R 1 T A S ] BT A
Y5 TR AT AH S A2, (ELHE R 1) A2 i LS B,
AN 5E A KR AR AL # J5 Xk HUBLEe 1 REBE AN T 1 R
M.

Bt B0, ASCES G AR e A T AR S
B R DI L, S P e e B 25 i T ) S
RULEL WG ERLIN 7 vk, Bevt 1 AR A S 2 m T A, £
UE T AR GUREAEAT BRI i) ]y Wi, (800 2% RAy 4
JRi RS E M. TR, BEUE TOULII A 1 e B A s o e,
FEORUE WL 2% B AT R 445 P P 0 [, A3 25 i B
HORLR A 2 ) R, A P R U R I T R SR B
. A7 B SCIRAIE T 2T VE A R



2 ST TN LB v i £ e R B DN 5% R 9 289

1 Bei B EIFEE

A B 2 3 R B J) AE 5% 93 A, it 2 e
(1), ZESERBLPIm, fEFIEARFR R (a-0) &, B
BUE T H AR BN, R 7 HLm A E T REFEAE N
B, = RS ALY, H AL IR B A AR R 1O
lzas - K(uas - Rsias) + K(n¢as + wr¢ﬁs)_
' Eias - wriﬁs
Z.ﬁs - K(uﬂs - Rsiﬂs) + K(_wr¢o¢s + n¢65)+
' Wrlas — glﬂs
d)as = Uqs — Rsias

¢Bs = Ups — Rsiﬂs

) (1)
Hip,o=1- 2 K= n=74 =,
Ugs AN E T HIEN oy B IS G, 155 BN
TGN o, B8 Gas, Gps I3 H5E T HEHE
o, B 8o w, N RMEE, R, NiE TR
BH; Ly, Ly A Ly, 205900 %5 HUE S € 1 HUEATE
By IR LI T N 1IN I e 2

1 BB Y T R AR I R ORR I

L, .
¢Oz7" = T(éas - ULsZas)

L . (2)
¢[3r = L7(¢Bs - O_leﬂs)

;H\:EFI’ ¢ar7 ¢5r ﬁ%ﬂ?’ﬂ%?ﬁﬁ%% a, ﬁ i—ﬂ;ﬂﬁj\%
2 BRI EBAT BB SE XL B 1 it

T AL U0 45 1 SR . HRATL O B A AR e
L o, ARGEH R BOW I & LU LE  HUE o i
N, E G BV IR AR 5 e Y 8 S AR A 1 ik
ST LE T LB, AR5 T HE T L BE 5 0E 1t
BEZ MR R (2), 75205 T HARE AL VHE.

14
o, :
o i T '—A:I(_}'H“'Uﬁ |_.d,q Hl—l
L Feivl I -
SVPWM i 71 3
. i 75 2
&l L o f B
! iy P vy :
i, 2 :
Nin a.bcle - -1 -
0,
R e,
§ W e i

M

B1 R T 000 45 P SR AL O B T R &t
Fig.1 Induction motor vector control system based on

sliding mode observer
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