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Adaptive Backstepping Control of Induction Motors
with Load Torque Uncertainties

LIU Guo-hai, DAI Xian=zhong
(Departmentc of Automatic Control, Southeast U niversity, Nanjing 210096, China)

Abstract: An adaptive backstepping control design is applied to an nonlinear induction motor system

with load torque uncertainties- With state observers, both rotor speed and rotor flux amplitude tracing

objectives are satisfied, which improves power efficiency without affecting the speed regulation. T he

proposed method has a simple structure. T he simulation results show the validity of this method.
Key words: induction motor; backstepping control; adaptive control; load

ﬁﬁ ‘g ’ ’
. PN INA R INEBRINARE i ki
[2]
[3] [4] [5] 2.1
' (d7 q) ” d
( )
: 2000-08-18; : 2000-12-04
(1964—).

2 2

9

; (1954—),

?



948 # # 5 Vi3 K 20014
dw b T T , T,
= rdlsqg —

d;s J (3) A
d Fd .

i oPi+ o (qrbdi.sq) ref = ui[klel + W4 + %]

. 4)
dl.wl . . (
Fra Yisa + O(E(l?'l + Wiy + (sd) rer = kxex + qba + O(d;?t]

i 1 (D
oM Z;bq; + g ud 2
% = - yisq - Bnp w¢rd - p Wisd — €= ( ¢disq) rel = (bdisq = A~
.. : T
Lsglsd 1 L[k1e| + w4l + —=_ (brdisq
) + O‘Lsuq H H.]
e4 = (ixd) ref — ixtl =
1 ‘ .
&= R/L., B= M/(0L.L:) Sl ke + P+ o] - i

Y= M’RJ(0LL?) + RdJ (0Ly)
H = an/(JLr)
,0= 1- (M*/LL.):R,L.M,i,Pw u

s r 5 (d,q)
sy ’J ’TL
2.2
1 )
er= Wd— W, e3= q?ef— (lr)d
el = wd-— w = wet'— u(l?diw+ Til]
: (2)
= Py olic oMiu
2 . iy ia , T
, Lyapunov Vi= %[ el + eg]
((l?{mq).a = [klel + Wef + %]
. (3)
(Tsa) ret = o(_M[k3e3 + P+ 0(¢rd]
er=— kiei,es= — kses,Vi= - ket — ki< 0,
ki> 0,k5> 0
(3) T.

hire :
N ir/d,l/s(l, Lsq

(2)
e1=— kiev+ pea— Til]
|es= - kies + OMes
Ti=T.- T ez, e4

d o - d o -
e = E(¢dlsq)n‘d'— (ﬂ((hlls‘q) =

L(Pduq + A

- %k%ew kie2 — j—}TL— oL

e4 = ( is({) ref — Isd =

kes + kies — A

1 1
oMt B A

DN

17 Ty .
Al = ;wef‘F E— (— a¢J+ Wlxd)lsq—

4)‘1[_ Yisg - ﬁlpw(l)d— np (W isd — MWL—L“P:—L:[]
= w—w[d?“ o — o+ aMia)] -

[— Yisd + Bo(l?d+ np Wisg + O(M(%]

ernes T Vi Lyapunov ,
Ve= %[e1+ er+ e+ ei+t kT,]TI]
kr (5 (6

kJTle

2 2 2
— kiel — koed — kied — kaei +

ez[[u— ﬁk% et + (ki+ k)e+

&, 1o
Ao i + 94[.L0{M - Mw/ﬁ?) eyt

e= elel+ exe2+ e3es3+ edsesd +

i



% 16% % 6 H XU 5 LA o 2 S R 20 AL B 3B NG R T £ 949

(ks + ks)es+ X - LLW]+ t=1.5s 0.25 Wb, 3
OLs 4 (12 Nm)
TL|: ki 1 ;]
| - et— —ex2+ ;7 Tt 7
J u kr (7 250
Lk2> 0,ka> 0 200
- 150
_ %—[ ikae1+ (ki + ka)er + m] 3 oo
1 ,» ? 50
O(MkJ es+ (k34 ka)es+ ?\2i|
0Q
TL = kr[el + _e] o L 5
— 505 1 2 3 4
(8) t/s
Ve=— kiei — ke — ksei— kiei<<0 )
. (8 0.6
’ 0. 5k
’ 0.4
D) L i%
E 0.3}
2 2 ::-4
0. 2 o
3 RGIE 0.1}
1 o 1 é 3 4
. MATLABS.3& t/s
SIMU LINK , ‘Ri= 3
0.687 QR.= 0.842Q,L,= 83.97mH, L, = 85.28 35
mH, M = 81.36 mH,J = 0.03 kgm’,n, = 2, 3ot
182 rad/s, 12 Nm, 25} .
0.48 Wh,PN = 2.2kW & 20
Ve = 15 I
5 o~ >
w sa i~ TR )
rcfI ﬁiﬁ}ﬁﬁ Uy 23 [E_Jﬂ_;' —Z:’ tg\[:;ai 5F %E(%ﬁﬁ
Loty et e B e ] ponee o t 3 L 4
r W W L v " /
|zx i i t/s
dsz <130 it
P 4
L FEATHER
(AJ'_
4 4 1

kv= k2= k3= 100,k+= 400,kr= 4
2 ,t= 0
150 rad/s, t= 2s (182

rad/s) t= 0s (0.48 Wh), (T 4% 953 )



F16% % 6 H

KT N R R AL A R Bl T U 953

2
1F /\\IIZ
J AN
g or / =
/ e oy
/ 1
_1_/
/
—2 1 L ] 1
2 6 10 14 18
t/s
1 1
1.8
wi
1. 4}
- 1.0}
S —————————— .
0. 6f Wiz
0. 2F
1 i 1
6 10 14 18
t/s
3 w1
:I: »
5 én T//E\‘

[1] Chen Y H, Leitmann G, Kai X Z. Robust control de-

14 18
2 2
1.8
1.4 e
~ 1.0}
s 0]
0. 6- / Wap
/
0. 2
1 1 1
2 6 10 14 18
t/s
4 Wy

sign for interconnected systems with time-varying un-

certainties[ J]. Int J of Contr, 1991,54( 12): 1119-1142.
[2] )

[J]. ,1992, 18(5) : 585-589.

[3] Gu G X. Stability condition of multivariable uncertain
systems via output feedback control[J]. IEEE Trans on
Autom Contr, 1990, 35(8):925-927.

[4] Gavel D T, Siljak D D- Robust decentralized control us—
ing output feedback[J]. IEE ProcD, 1982, 129(6):
310-314.

[5] . [D].

, 1999.

[6] , ,

[J]. , 1998, 24(1): 44-49.

(#5949 W)

[ 1] Hu J, Dawson D. Position tracking of an induction mo—
tor via partial state feedback[J]. Automatica, 1995,31:
989-1000.

[2] Krzeminski Z. Nonlinear control of induction motor

[A]. 10th IFAC World Congress[ C]. Munich, 1987.
349-354.

[ 3] Marine|R;(Peresada S,, Valigi P. . Adaptive input-eutput

linearizing control of induction motors[ J]. IEEE T rans
on Autom Contr, 1993, 38(2): 208-221.

[4] Gokdere Levent U, Simaan M arwan A. Passivity -based
method for induction motor control[J]. IEEE Trans on
Industrial Electronics, 1997, 44(5) : 688-695.

[5] Grear B, Cafuta P. Backstepping dynamic compensator
design for the PMAC servo-drive[ J]. IEEE Trans on
Energy Coversions 1999, 14(4): 1396-1401.



