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The inverse decoupling control for the stator flux and torque in
induction motors and its existence

WU Qing-hui

(College of Information Science and Engineering, Bohai University, Jinzhou Liaoning 121000, China)

Abstract: For induction motor drives, characterized by MIMO, non-linearity and strong coupling, the key technique for
improving its dynamic performance is to realize the dynamic decoupling between the stator flux and the electromagnetic
torque. Based on a 5Sth-order model and the electromagnetic characteristics of an induction motor(IM), we prove that the
coefficient matrix is nonsingular, confirming the existence of the inverse decoupling control of stator flux and torque in
any conditions. An inverse decoupling controller is designed via non-linear state feedback, which decouples the complex
system into two independent linear subsystems, the electromagnetic torque system and the stator flux system. These two
subsystems are separately synthesized using linear system theory. Simulation results verify the existence of the inverse
decoupling and validate the proposed decoupling control scheme.

Key words: decoupling control; induction motor; inverse system; frequency control; feedback linearization

1 5|E (Introduction)

Bl A PWMIR 4 A L T E LA S T i3 e
I [ i R R AR, BN HEINLE R A &
Bl 32 i 3 v P B AR AT R S AT L AR,
A FL B L AR A5 ol g R 2 o) 43 20 2 T 5,
BT R R T I R P T T
IF1) FA) T A s ) BT L R 40 TLART P e Rl s o
WHIZE S8 45t i) A b SR AEUE (R UIE % 7 W B e (i
9 E B BUT, K 8N HL Bl LA R A T 1 1
Tl [ i 5 2 R D i, 2 B0 e 285 A A v A 7% S PR
A ARREP, [ IR HAT R R PR 1) BT
BT ] RAE; 2) 52 AR AR AR AR 4 3) 0 S R A UK
4) LR TR, &4 T HmE ARl R
45, T HURJER AR S R G, T RS A

eAe H H: 2008 —06—26; A& tefie H #: 2008—10—21.
FEGTH : 1T BRI % I H (20072199).

. LB R A A R SRR A e T G BE A ()
DB A B 2R G 8 T Wi S WG i IR LU AR s 1 02
AR T HAR IR PR AR 48 BT JOIRAS, Hods il skeng B
ESE ANl NS VAN =¥ = Y WAL I 9
R B B W R K B K, AR ME 4 A S R T
P 45 n) (8

N TSI G S e WG BE T B AR R, Tt
O, S m E LA T Y B M R AR
AR T AR, H I Tl AT ) AR A T B e
B JLAAT  ZRAR B S — S 2l 02 1 e, afE DL
U I T30 R G R s ) v e R A
PERE BRI 2 A8 5L AELR T s & RS
AR S e ME A ), AT B 48 R 5 T B R A Ry
s H AT, PR TGS PG R B TR



984 oW s N M

Z ) ) Bl A A T T, 3T 300 R G (1 it f s 1 g vk
£330 TR AT W B9 SCik[10, 11776 R E0
MEARZT S04 E FERH T 38 T3 R GU R G 1) HL G S
K5 50 1 R AR R A U DT, IR IRAS T AR U 1 S G
B, ASC N ST g HL LR A Y R T A (1)
R R, WEW] T R AR AR AR TAEVa R
HAEZF Sk, T 0 R G ] O R AR
ARG A AR ), IS S8 L B AR
SRR R IR b, ST AR R S T
(1 20y 2 e R A o, 7 B S50 5 SR B0 UE TR 45
A
2 RGP (System model)

SE G U L S A () — A 4 L i Park
A BB S AR R R T 10 . AEAT R e AL bR R (A
b R IR hwe) F, HLIE  HELI R R % 2 il
RN, WE T #1100 0 v R O R S e
T B ff e A = R B2

'l_j:s = RSZS + js + jwejsa (1)
0= Rr;r + @r + j(we - npwr)!ﬁrv

!is - LSZS + Lm{u

V= L - Lt @)
¥, = Lyts + L,

T, = 1.5n, (i, x B,). 3)

A diy b FHE R R, 4, w00 BT
Rt Ry, RAYMASE B T HBH ny AR EL w, b
HIPLEE S, B frad- s—1; @, W50 90 H 5 « 6 TRl
ety Ly, LAY W 5E BT A Lo R HIEG xR
TR R

FEFH AL BR 2 TR RE A 7 R (1) g 3 Y Hy
EINEE R GRS TR

( 1 R, L,

isd = _0_7_[/5(RS + Tr)isd - npwrisq+

R, np

o Ler Ql)sd + LS wrdjsq + Tsusd7
1 R. Ly
lsq = MpWrlsa — — I (Rs + I )isq
R 1 “)

P T

Ls wrwsd + P Ler ’(;Z)sq + o Ls usq,
sz')sd = _Rsisd + Usd
rl;[.)sq = _Rsisq + usqa
. 1.5n ) . B T
Wy = 7 P (wsdzsq - wquSd) - 7wr - 7

LA HLRE A R S T RGBT AR 4
TR

P26 4
v T 1.51’Lp (/I,Z)sdisq - wsqisd) (5)
o] JEFQE

é\m = [Z.sd isq d}sd ¢sq wr]Tau = [usd usq]T’ Uﬁﬁ
RG] AR Ky
kyzy — kowows + ksxs + karas + kouy,
ksxq + uq,
. 5L1 1 ©)
ksxo + ug,

k6($2l‘3 - l‘1$4) — ks — kBTZa

kig(xoxs — 212
Y = h(z) = 10(723 174) ' 7
Va3 +a?
A
1 R,L. B
kl__ULS(RS+ Lr ), kz—np,
R o, _ _ Lon,
k3_O_LSLr7 4_O_Ls7k5_ RS7 kG_ J )
B 1 1
k’7 - j, kg = j, ]{79 = E, klO = 15np
3 ¥R G AEAE M (Existence of inverse Sys-
tem)

H1 AR 48 10 4t 5 RE(S) B (7) g, i A
il 2 AN SR G R, (R A5 BARES T FE(4) B(6)
BATR SRR, O T 49 20 & i B R o¢
AR, A Y BRI I TR S, BRI RSO R A
1F, Bl

Y©® = [yil)] — F(z,Y) + Au. @)
A
F(z,Y)=
kiyr + kokioxs(z123 + Xoy) — k4k10m5y§
(ksx13 + ksxata) /Yo '

A— k10($2_k'9$4) kflo(kgilfg—xl)
T3/ Z4/P ‘
SIER 1 XTI R R B RN L B LR

U, PRUEE FREAE RO AR AT, 2R@) H RESE
B ARAT 21 XA 4 JR) ARV B i 1 — > 4
Rl

1.5n,L.¢
L,L,— L2~

Wk @) TR AT A 1T 2
det A= k(;o[(xgzm + x123) —ko (23 + 23)]. (10)

det A ~ — 9



ERE

AR DR TR FL B AL AE T W 5 e R PR D0 M R A AE N E 985

A IS AR AR R S 40 LS p LI
LSRR, AN BB M ror, + vios g T HIR
58 THABER IR, 23 + o8 & T L RERE 1P
7, WK A AT 515 AZ

1.5n, — 1
det A = %m@%—gLﬁz
15, ~ = 1 - -
s !ps - Sps !ps =
5 [ts © o L. ©
15m, - 1

5 [(is — U—Lﬁs) o, (11)

X oFRRERARL
BRI Ro = 1 — (L2,/L L) AR 15
150y [(LoLy — L2,)i, — L) 0 W,

det A =
¢ ¢(L8Lr - L12n)
1.5n - = =
B, - T 7 Lol ~ B 0% =
1.5n,L,

[0 L, — 8] O W, (12)

¢(LsL, — L2)

T F S LI T e R B o TR, X S 3
oLy < W,. {00 Ly, 5 2m%, R(12)1AF7 5=
P A

1.5n,L - -
det A ————— 2= @ oW, =
¢ ¢(L5Lr - ern) ©
1.5n,L.¢
L.L.—L2°
==

TN LU SR B O S REPE AT RL IR, i
ATHIAS B LA TG FELE SR HIIA], L fs e
ANT B, L O %, XA R R Y2 FEL
Jihih, WIS AT AT e @G, TR, FERS B B
AT RE R, SN F B HIL A E TR A A A KT
. b L E 2R, SA8) I AR B RE A AT A
AR, B
1.5n,L,¢
det A =~ —m # 0.

AP ATETT 5, P LK@ % i R 42 )
ARG P AT E—fi.

R GHR B B ARECR N T IR R G B IR (0 =

5), B

i=1
FRHOEFEARRT 72, HATX B AACEA N T R S

(FIBT IR, EI R G B ST 4, BLE 7 HUA S 7€ 1
BE RS AR, UL 58 T RARERLE Dy i
RN LB HLAR SR R G AR, @)

PR I — i
u=AYY - F(z,Y)). (13)
Ao =YW w =, WIENEIHL1-B B
w=A"'(v—F(z,Y)). (14)

4 N EE ML Y f# RS 2 1 (Decoupling control
of IM)
Y R 55 KN, P S LRI 1 U A R B
I ARG S ARG W R R

Y = o, I !yll - [”1] . (15)
Yo %)
TIE 5N Ky JE 2 L SR A 1 BN FEL )

HURERR N A VAR T 5 5 7 Wb (R A D ek
TR

FEARLR T R4

=T, =0 (16)
LR T R 55

o = ¢ = vy (17)

5 1h 4t R 4 %5 & (Synthesis of pseudo-
linear system)

X RA6)AT) Il ik 1) B e AL R 48, W] BLY
MM RS HR AT SR G vt F T LRSS
Zrr vt (0 R BEAE 1 4n B 19T 7R, TA K e F i 1 s,
FA Ay W5 19 4%

T: _ V) u T

i S e I e T

¢ g RN i KO T
- f x |

Bl BT R Lr G B (¥ S HE ]
Fig. 1 Basic scheme of synthesis based on

linear-system theory

T HA T ARG SHEE T R B AR
LMt R G, TAMIFAYI L JPI 11 &, HoA% 3 iR 20y
b

1

TA: Wra(s) = 50(1 + m), (18)
1

FA: Wpa(s) = 10(1 + m). (19)

6 {HE 45 % (Simulation results)
AT IE 3 R P A A Ik K b A R s )



986 oW s N M

06 %5

LA B, AR SCRIFIMATLABA S8 A 23R4T T 47

H LRI, el h: Ry = 1.1 QR =

1.05 Q, L, = 012 H,L, = 0.12 H /L, =

0.115 H,n, = 2. b THEATHLER, 1 Je ) ARR AT

AP R PR LRGP R S O T B A T I, B E T

A (1 1Y 5% 1R 23 30 SR Y 3R (18)(19) BT 7 FATPTfY

A SRR AT A SO RS T S 07 FL S

N T S5 AR R W P AL B R )0 A R AT AT

WA N HGRAFAER, U7 B R R P8 T kB4

{H  FRARE 20 52 (0 M€ T REBE I A RS AT 2

RUHRE, Fras i 4 e e R A e 0 e R BR 1, A

SRR T AR R I AR RN S LR A

R, RIUEHERERE R T %, A SCSL g R 52 1 W

fRid, g7y EATARE 7 73 E A 0 Wb, 0.01 Wh.

6.1 & T HLEE S H AR A AR S 5 i S0 (Exp-
eriment of coupling effect between stator flux
and torque)

FEBA R RG22 6 1O A5 0T, 23 0 JHPIR 5
s P T 5 08 T WABE 1] %, A0 46 I 20 v B R
b5 58 T REBERE SN A 25 %€ A7 5 20 99l B¢ E 10 Nem,
0.5 Wb, 1i FL45 R i 2.

DI as RA h, d T R R S i T WA
ME W, BRI DL R, AN SR
WERERTIZ I B L, R R GEATE. BARSEPR R G H
s i L 10 B Ao 2R AN 23 R, (H R IR 0 9
PRI 7 3GV S I 1 T A R A o

4

X10

0.0 0.1 0.2 0.3 0.4 0.5

3000 ; ! ! !

2000 [

¢/ Wb

1000 |-

0.0 d.l 0.2 0..3 0.4 0.5
t/s
B2 HGE S R AR R G
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