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Abstract

The transfer function of vector-controlled induction motor is represented along with both
unstructured and structured uncertainty such as the error of rotor time constant and
current ripple. The low-pass-filter behavior of a magnetizing inductance gets rid of
unstructured uncertainty in the transfer function. The robust controller to compensate
variation of the transfer function is designed using simple P-1 linear controllers. The
coefficients of speed PI controller are determined from an overshoot and a rising time of
system and the coefficients of model-following PI controller are obtained using the solution
of Riccati equation of LQR control in the state space equation of the error system.
Experimental results with the DSP-based model-following robust controller are shown a
good robustness against the structured uncertainty of the motor.
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Phase 3 Rated voltage 220 V
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R 5.552  R: 5.25
1043 H 1.0.43H
_MO0354H
Jo=0.0002 Kgm’
Bo=0.0006 Nms
Ko=0.1 Nm/A

J= [Jo, 2Jo}
B= [Bo. 2Bd]
K= [Ko. 72.78Ko]

MOS FET
INVERTER:
.11‘;1
220V
[
PORER
LINTHE

MOSFET
DRIVER
B S
CHIPWM

[ e
PLoe M
OWING TR

VECT-LTHE
CURRENT

PROC
LTHL

JAL

02 8 xdEE AR AR
Fig. 8. Conflguratlon of model-following
robust controller.

- £ 30% B B 11K

20064
PiM

,/ -

~
J=3g
J=2J

(a)

(b)

(d)

a3 9. PHAHei7]ol 3t ~=)-ex}
(a)(b) A¥AE (c)(d) A& ZHx}
Fig. 9. Step responses with PI controller.
(a)(b) results from experiment,
(c)(d) results from simulation.

(1147



100 el Aol FEAE71S ZAFE AAAeI7] A7

2000 —' ’ T A
R I‘ F\3=Jo,8Tr=-0.25 '
— /A s ,I JE S
|
!

ﬁ“ """" T T
J=2J6,ATr=0.0 |
A T2 aTr00 ! !
([ z230.0mrm0.2 :
T T e ]
4 i ! | |
;

a8 10, ZHEFE ZAAA 7ol ot A8
Fig. 10. Step responses with model-folowing
robust controller.

2000 %r v V‘A'vn A "v.er J_V_r_h e

rpm
a)L v/’
1700 +—— S
! | |

I |

2000} o -

rpm 'f\/ \’J',u’\ -~ I

o) ! |
1700+—- : e
Load | ﬁ_

torqut o.25(ip.u.) : ‘
R S L

\
0.0 SECA - 757246

8 11, %3} wisle)] Wg £x %
(a) PI Ale{712] A=}
(b) 29l 3% HAA|o]7)9] Az}
Fig. 11. Speed variations for the step
change of load.
(a) result in PI controller,
(b) result in model-following roioust
controller.

ad 8ol AA 7S vehick ¥ 9= WElA)
ol FEAHT7I8 SxA712 PIAlA71 & AHe-814]
& de A9 o) WA Jo W] & %
& SAelH b)e Az A 47) W3} sgle o9
Sl =3 o) e AEwHe)AdY AAE
vepdoh dAgwshs APl AsustE do
712 Axwe) AZhgste] HEkE sk e sAdxt
ARs HEs 2o3 Ao WEoR FAjwsel
FLF ¢S oAt

Ak mlRE AdA7e A5 gHAF
o Akt A=AFe 54 2o AFolde
2 AEs QF 0.12 AR 1% 102 =23
FF AAANY £ 298 eln], 1% 118 »
stEf = WEel te $EWES 5T AR a)

= PIAIOI7]1E ©]-8% Afold, b)e 2433 A4
Aoi71ell o] S Folrt, AbE RdFE A
1719 dEr|Hs 2 Ee g wate) Ay 43 A
A4E g # gl

VZEg

el $EAEIA AME Srow 3k A
RO WEA L WEY] ARl BT 4o
MF2Y 4Eo2 AgHT, FAd oY Eem @
oz ehdth BlFEY AFL AHALE e
Mdoisir] gx) AEUFE] FE A9 Fupez
Astel vlaA g A BZ HuA7)S Y Ee o
Fg o)A spech. a9z deAel $Ed%|
A ARee] Latsl yERE Ty T
R T

el o] FEAE/S TR AES waksp) 9l
stof el Ayrlwoz FAY Tdid AU
1% Atk AdE wdaE A 7]
Frde FEse] A2 AL sk &
= PIAei7l9} A%7] Walel chgt wal3% Plalo]
7% Abgstel A4 W ANEH SHE S-Ho
2 AAside) AEnde WErle) FAAR Ay
sha 29 Y FEAdv]e) FET As P shel
22714748 A HeE,

NEAREH LHFER FE S5 PlAel7) A%
bdeiAn, Z1FRds HeAel fEQEY o
Az 2 FUPAdd. LQRAE ol 43
Riccati$g 42 s1% Fale] 233 PlAlei7]o)
A4S Ak AR LA3E AUA 7S DSP
ZeA2E olgsto] FHsln AW AFeolde
2 $e sasgon H47 AW Ak B
o) w3tsh o Asdls] Sgtel W WEE Yoiz)
& gl B 4 Ak

AL rlt‘ o

2 E XM

[1] Thomas A.Lipo, “Recent progress in
the development of solid state ACmotor
drives’, IEEE Trans. on PE-3, no. 2.
pp. 105-117. April 1988.

[2] Hiromasa Hanneda and Akira Nagao,
“Digitally controlled optimalposition
servo of induction motors”. IEEE
Trans. on [IE-36, no. 3.pp. 349-360,
August 1989,

(1148)



1993%F 11A EFL¥EwGE

5

[ 3] Luis J.Garces. “Parameter adaption for
the speed controlled static ACdrive
with a squirrel cage induction motor”,
IEEE Trans. on [A-16. no. 2. pp. 173-
178, March/April 1980.

J.M.D. Murphy and M.G. Egan."A
of PWM strategies
forinverter-fed induction motors”. IEEE
Trans. on IA-19. pp. 363-369.1983.
Astrom and Wittenmark. “Adaptive
control”. Addison wesley. 1989.

Jan Lunze, Robust multivariable
feedback control, Prentice hall, 1989.

R. Krishnan and Frank C. Doran,
“Study parameter

(4]

comparision

[5]
[6]

(7]
gensitivity in
highperformance inverter-fed induction

motor drive system’. IEEE Trans.

7]

o

ZF R ROEEH)
19614 8H 6H4. 19844 <id
Wb QA &%), 19884
Audes ot Qxpeted 2
Al wel H5 1989 ~
A SN by AEE
1991 ~ A dgaedst o

2T, FHAFoR: MEAe "HAHR F

!

%30% B % 11% 101

onlA-23, no. 4, pp. 623-635, July 1987.
Kehui Wei and R.K. Yedavalli, “Robust
stabilizability for linearsystem with
both parameter variation and
unstructured uncertainty ,IEEE Trans.
on AC-34, no. 2. pp. 149-156, Feb.
1989.

Karl J. Astrom and Tore Hagglund,
Automatic tuning of PID controllers,
instrument society of america, 1988.
[10] Katsuhisa Furuta and Katsumi Komiya,
“Design of model-Hollowingservo controller”,
IEEE Trans. on AC-27, no. 3, pp. 725~
727, June 1982,

Robert W.Newcomb. Linear optimal
control, Prentice-hall, chap. 15, 1971.

[8]

(9]

[11]

T ®(EER)

119534 6H 22H4. 19774F A7
g WApes gt A5
1979 FEAr|EY BAA}
&9l A5, 1993F YRS
o ahbal ws) AS. 19794
- a4 gedse g4zas

(1149)



