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Robust Controller Design in the Linear Model Following
Controlled Induction Motor

28 2834 A4
(Woo-Hyun Kim, Kyung-Sup Youn, and Woo-Hyen Kwon)

Abstract : Generally PI controller is used in the servo system. But the time response of the systern which is
designed by the PI control scheme is deviated from the desired time response by the system parameter variation
or the perturbation like the torque disturbance. LMFC(Linear Model Following Controller) is used to make the
response of the system follow that of the model even though the parameter vanation or the perturbation exists.
In this paper, the design method which uses auxiliary model to construct the robustness enhancer in LMFC is
proposed. And this robustness enhancer is designed by robust control theory. The proposed method has faster
convergence time against low frequency torque disturbance than LMFC. The results are verified by SIMULINK

simulations and experiments.
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Fig. 1. The ratio of actual to command torque
versus a.
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Fig. 8. Two port block diagram for the proposed

system.
Dy —D,KKp, Ky
0 D, 0
+1 0 0 wt Ko,lu
Br 0 0
0 B, 0

C,x + an + Dlzu

N
I

Hoooo]x

Cox + Dyw + Dopu

e
Il

21

Il

[—% 000 CJxtl0 DJw

NN we [T, W1E 9v&x, Ar, By, Cr, DrE
Wi(s), Aw, Bw, Cw, DpT W(HE FePPAH o2
UERIRIE o) fdolth weby AAANE T8
9§ packed ¥E PE (22)9) Zo] Yehdt

A B, B,

Cl Dll Dlz
C; Dy Dy

P = (22)

olgA FIHA pYIL MATLABY LMI ToolBoxE
ALg3le] W) W(s)E (23)3 o] FtL wl Ao
7l K& 8 5ake] Aoj7|zl AR ol oA
balanced truncation®& AMESIY Z4E 232 Fo|H
(24)7} 737t

Wi(s) = 100(s+100) !
(23)
Wi(s) = s(s+400) !
. —2076.58951s + 171956.5264 (24)

s° + 2653.53675s + 2098074.7971

31 2olAd

2oAFL MATLABS SIMULINKE AH3lgod
23} Aadle] AEHE A9 APHA g BE
o] Fukpgd ol AZH-EES vlw B4

10

0 e
1of
-20} — P
; —em . LMFC S !

-30} .. RMFC \
.apl w
-saf p
-60 . .

10" 10° 10" 10° 10° 10t

Frequency(radssec)
(@) w,/U,

-30 % g ) 4
10 10 10 10 10 10
Frequency(rad/sec)

(b) (l)r/ TL

-60 — o~

10’ 10% 16° 10*
Frequency(rad/sec)

©) w,/W,;
:% 9 ]:]my KTZKTmr B=Bm7g'?— ‘Zl"ﬁ}zll%%
Fig. 9. Frequency response for J=7,., Kr= K,
B=B,,

8 FPHE AL 712U UY 29 AEHE PL
s 2

Kp,, K7}t
A7HEFE Fo132 ¢ + Ak 53] LMFCAA = A
F3 ggoixe] EAL Ik FEAA Z3A R A
gE AojZldMe dAT) FHEE ¢ F Aok 28 9
O A 2 2EFAL g dE5402 LMFC



416

10}

----- Fig3.3(a) PI
-20} — Pl
. LMFC
ié-aa F . RMEC
40}
50+
-0+
-70 . -
107" 1c® 10 10* 10° 10*
‘Frequency(rad/sec)
(a) J=27,
10 v . ey
0
-10 '»
-20 ’» —_—
s |
x
-30 }
a0 }»
-50 }»
-60 ) 3 2 3 4
10 10 10 10 10 10
Frequency(rad/sec)
(b) K7=2K7,

a9 10, A=l er) Wiks A9 Fae8H
Fig. 10. Frequency response for system parame-—
ter variation.

{F
k]
¥
X

[11
ZL
9
B
oj]
)
2o
o
o

= e
o
¥
LS.
o
Pk
flo

2 dojz ZHolr}.

a3 10(@00A BAZAR o] j7t FujE @A
Y, 28 10l g 2ol K7 Tz Fobshd AF
Hgddge A5 Pl Aorle AGEAol ZA B#%}Xl‘ﬂ
LMFC % Atd Aoj7]1e] A9-= A9 WH3lA &%
& 5 glon, nFHgdLe 7 Aoyt BF 22 %
AL wolr,

ag @94 2dd A2gHsyr 28 39 3z
SEHE A e, A2"gwSr dEke F9Q o
g 11(b)et 17 109 H=gHa vadw Pl Ao
717b 71 slojuka, Aotg Aol7gk LMFCE A9 2
5 & & Utk Ady B ) gzt 54L& 35

ol B A} o] AtE Aojr|rt A Fom
LMFCE ®¥FE& oy Adel T@Azte] 4,
PI Aloje] ZA$% WEZFL A LMFCEY F44HE
ZEARE BES ¢ 5 U
32 48

AL TMS320C30 mlolam g R ANE ALg3sle] A

Mot - A8l - ANABIEs =2A1 R o6 H HM4F 1985

: Pl
I LMFC
RMFC

05 1 1.6 2 25
t(sec)

(a) /=lm7 KTzKTm BzBm

Fig3.3(a) P
Pl

. LMFC

. RMFC

wr(rat/sec)
Q
®

P

a 0.5 1 1.8 2 25 3
t{sec)

(b) ]=2]m1 KT=

a9 11, Ay g4gd dig 28 A8
Fig. 11. Output time response for step input.

Kva B=Bm

TMS320C30
]
1 e X i M
i iy _1"_, i DC Motor
I . " e 0 N
\ A —o Tt e | T Ih |crewm | L
Fats T b o Tm:fomDQ ’._'. Inverter Yy,
[ { B o | Controller { %5t .”“_.
1
| o] |RMFC
[}
|
Encoder

29 12 =357 A2d 2 Ao B
Fig. 12. Block diagram of induction motor system
and controller.

o7& FAIAeH, AFAFTIE EHe|HHEE A%
o] fFEABIe} QTN B 2 w2FA npF
HE WAAY £ AFAFIE dFAeER R
EAE 71Edth I8 12% Aore EEEE Yy
W 29 13 A¥ AR Al2" AE YEeRdoh

29 14 2 19 1594 AE PL, B¥ LMFC, CE )
tE Aol71e] #HE Jehdin, 19 14(a)e Edo] A
3t A2 MBS} Zo) A e HFo)
EE e AR BEAL Bt a3y AFAFY
E elojv) dES AZF%o=2MN J, BE aJ, ABUE
HEAAE A4E 29 149} 2ol PI $HL 71ES



Journal of Control, Automation and Systems Engineering, Vol. 5, No. 4, May, 1999 417

Y 13 B¥EE3 2 #Ael Hs RA3riNg
P Eat= I 4

Fig. 13. Photograph of system for the load torque
and inertia.

~Ppr 38

]
n

|
—-

SO .
- Pl

1688 S/s

2.1 v g 1 1 HF 1.5V
O _STOPPED

(@ J=Jn, Kr=Kpn, B=By,

T-Ape 98
18:83: 26 T
I N S S S S
hcdon v
1
M | ] !
1583\1 [ ! '
lI M T ]
Smgfff v
s
1,00 v J .
| :
T [
1
.5 s
1.0 V J __\__ —
R S O N SN SV N M A
5 s BL
U 188 /s
2.1 vl L. 1 W LS8V

B STOPPED

(b) ]:]m+A]v KT=KTm, B=Bm+AB

T-Apr-98
10:35:18

B!

B
|
\
]
[ B=x 1<

.5 s BUL
t.1 v OCR

2.1 v OCH# B 1 HF 1.58 v

188 S/s

O STQPPED

(c) ]:]m+ A], KT= Korm, B= B, + A B with TL.
(A : PI, B : LMFC, C : RMFC)

29 14 Ay g4 i AeE A39R.
Fig. 14. Experimental waveform of time response
for step input.

T-Apr-98
17:38:26 o
i

—
IS T | \

lll o g)ﬂ>’w->m - n

r1 go v ! 11

t;:,,, L ’1— l¥¥r|1“1r:—'i

e AEEREEER"
3
1.86 v ’— —r

* l
L. - e
S s BWL K
1V
1 o @ 168 S/s
2.1 Vv DC#H ] HF 1.56 V
D_STOPPED

(a) T, =0.5T,

T-Apr—08
17:21:39 T
4 \1"“‘“' _J I . " Y
i1
Ss |
1.98 V
A-I,-.-—~ <-H-l!
02— !
s
1.86 v ‘*] .
- N SN N S
: H3 NN . N
5
1.88 v
5 s BWL
1.1 Vv BC§ 100 5/s
2.1 v 0CE Lo 1 HF 1.58 V

0 STOPPED

(b) T, = 15T,
(A : PL B : LMFC, C : RMFC)

a8 15 AAS dstd U A 4E9E
Fig. 15. Experimental waveforms of time respon-
se for various time constant.

gl vl eWFEVL 7P ZA UEhdA dite Al
ZHegola slojdth =S 29EBE F F 25[sec]
Azol Ajzto] Aya ¢ g AFIFINE D*‘“—)Ml?:l
BaED 7,4 29802 713 F AASA F%E o
9l 1% 14(c) A%E A%d AA7IZF 7 2HE ,QJ}
we $PEEE 7R Aok g AE A7)
AzEdEr deksiegE e ggol A" Azt
Sl A9 oA gowA, ¥it Eds} g2 9
ol A mA 71EAse] FPTT

a9 155 28 16 vehd Ax go] HE A o)A A
238 AARS9 Y7L AR AFFRTG 218 15()
= 05 29 15(Mh)E 1589 F$E EA A g
AgAo] BRE A gkolx PI Aol 7|FE AEH A
Ao A A3 Wolux LMFC ¥ RMFCe 9t Hlof
U7l AR Az F38ka Utk

rroue

m. 3&
2 ERoME Aagusel WSk 9 FehaEH 2
sgol s AoiNg AAsT) fAstd dPEAR
Aoi7lo) B PNE wERdE Ags] 71
oA HRndFEAcl IRt FahaFel 4T A

naow fo



o]7] AAMPYL Aokttt AgtE Aoirie il 9
ol i3t #UAHE FFAFIEN FA Fgol WE
R ZEx AR ol FAlM 1HE ] ity
HIo & 4#A AR o|&E A8 T3
T8td7 Aozl MATLABY SIMULINKE AH&-3
2olag L TMS320C30% AMEE FE=AE7] AlaH
AgolM #A ¢ wzzs vl wgor AHeH
Exol Aol WHalA] owr LMFCHT} R3lEF oz
o dis] A 5L B 5 Uk " Agd A
o7le Alzdyse] WErt A% Afdx AMEEE
e REIHHAN RaEZ 2L QT st AU
EAL duA & o 5834 AMEE & AE Aol

FI gy

[11 K. Wei and R. K. Yedavalli, “Robust stabilizability
for linear system with both parameter variation
and unstructured uncertainty,” IEEE Trans. Auto-
matic Control, 34, no. 2, pp. 149-156, Feb., 1989.

[2] K. J. Astrom and T. Hagglund, Automatic Tuning
of PID Controllers, Instrument Society of Ame-
rica, 1988.

[31L. X. Wang, “Study of simplifying schemes for
designing MRAC,” IEEE IECON Corf Rec., pp.
314-319, 1988.

[4] K. Furuta and K. Komiya, “Design of model
following controller,” IEEE Trans. Automatic
Control, 27, no. 3, pp. 725-727, June, 1982.

T
19693 3€ 1494, 1993 A&

dAEss £ sty A4
(1996), 1996 A4 ASoeta
AZgE AAAZAZ A, B
Aok BARA, AEANA, 2

FE S&Al.

e

Aoy - AHg st - A2 FE =EA A4E, AbE, T2

Mot - Ai=s8l - NAEISst =2K HMS&H H4T 1995

{5] Frank L. Lewis, Applied Optimal Control and
Estimation, Prentice-Hall, 1992,

(6] ¥4, A3A, 2734, “H=A AHNE o|&F 2
HyEVL gle 29 33 Ao Al2de & AA
A 7138 3], 2453 123, pp. 1794-1799, 199%6.

[7] o1X &, ALd, “deAo] fF=AFre ZdFF
AdA 7] A, WFHAA FEF =E8A, A0
H 11%, 1993.

[BIH. J. Wu and Y. Y. Tzou, “LQG/LTR robust
control of an AC Induction servo drive,” [EEE
PESC Conf. Rec., pp. 613-619, 1991.

[91H. A. Zhy, C. L. Teo and A. N. Poo, “A Robu-
stness Enhancer for Model-Based Controller,”
IEC-ON, pp. 2033-2038, 1993.

[10] R. Krishnan and Frank Doran, “Stusy of para-
meter sensitivity in high performance inverter—
fed induction motor drive systems,” IEEE Trans.
IA-23, no. 4, July/August, 1987.

[111 M. Morari and E. Zafiriou, Robust Process
Control, Prentice-Hall, 1989.

121 C. H. Yim, J. H. Kang, S. H Song and P. L
K-im, “New feedforward control of brushless DC
motors(BLDCM) using a novel disturbance su-
pressor,” IAS Annual Meeting, pp. 1910-1916,
1995.

[131 K. Shahian and M. Hassul, Control System
Design Using MATLAB, Prentice Hall, 1993.

244

1991d BEd dAEet £1] F
et AAK1993), FwiE  uka}
(1998). 19973-AA AZdEust
AFE &AL AL BAE
ok HE71A0 2 AF 3



