The Improvement of low speed driving characteristics of induction

motor by inertia moment identification.
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Abstract

This paper proposes an algorithm which improves capacity of a state observer and low speed driving
characteristics of a induction motor by inertia moment identification. In induction motor driving systems, it is
difficult to obtain the accurate speed information by a low resolution encoder because the encoder pulses are very
few in a low speed range. To improve this problem, state observer based on the Gopinath® theory which estimates
speed and disturbance was designed, and disturbance rejection control was realized by application of the observer.

Also, inertia moment of the motor was estimated and the nominal inertia of the observer was identified to
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minimize the error of estimated speed and disturbance.

From the simulation and experimental results,

it is showed that the proposed observer improved the

transient response characteristics in low speed region below 6[rpm].
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Fig. 1 Block diagram for speed and disturbance

estimation.
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Fig. 3 Block diagram for estimation and identification

of inertia moment.
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Fig. 5 speed response characteristics without AJ
compensation.((1) : J,= /2, 2} J,=2 )
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Fig. 7 Vector control diagram of induction motor

with the observer.

3[rpm] o2 “ﬂ Moz wWaE T, ¥4
235 wApstA @

Tyl E ox}ino 3} _434 ogx-]
Zaslel HEsle] HEeg

e
En‘
fu
.
‘;:

632

m m’
Ch3i soomv s500mv

(@ 4 2dE exprate] gl w(/, = J/2)

m"
i 1115
o : v -
aof- + {5
b L

500mv Ch4a Soco0mv

() Fd RE A BAMS S o

a8 8 4 RAE Wl ot $E2Y 54
Fig. 8 Speed response characteristics for the variation
of inertia moment. 7, : 0.34[kg - m/div] )
28 9¢ YAEE 6rpm), F3HE HA 2] 0-1/6
—0[kg - m] 2.2 Q7}A] H=F Y= wAe &2 9
O R CECIDNE R EEDIRER S
g A9 9ol EANZ vlw3I Aldatdle|r)
Yubadel uhHel A HatEa 7kA] ok 2.0(rpm]

3

o) £EMEE BolT 9ln A4l 4E 22
2 SEAYE A3 o), JELHE Aoy
AL Llipm] A2 SEHE Fabaeiol el
38 SE5hge] et deE & & gk ol

AE70olA F48 pstea T, o) A== 8
Aol Adll HESHA dFE T o7 AEE A
AR AshzA PhaFel UGS HAL + gck



§Ch UL IY

i,
Chg4 3s00mV

(@ F=xY= B sASL AL

®) J=zs RS 3 HS-
a3 9. Slueinl B4
Fig. 9 Load disturbance rejection characteristics.

(w, : 3.0[rpmy/div], T
i o 2.0[A/diV])

: 0.34[kg - mydiv],

o
N
Thi

s o] 2o ZARE HutE A HEHr| 5 A
3t o] & FEAF7]Y A e Ale] Aol A
foto] &AL P A g e AES
ohﬁ\;}_

m TrE 1E7)9 BEaAEI AdERE FIE

#5719 AepiaR Hsle PelEza 3

)

32
%71% P, FehEa W SuE 37

BAF o2 #3717} ok Al e ol
el Helale] wnh A ol He) ey

@

4 4
o
_(‘){_1‘

>
o O}N
oo mo oX ki |4

A=)
Kook
o

o= lld—g']
Aa|AA s FHeAT s
& S4o] s sie
geze Al A4 HAS 2 vy 2an)
4% TG Wrsi oA e 377t Hnel
¥ Qo Andoh

[+

#UEH

[1] H. Kamei, "High performance Control of a
Servomotor using a Low Precision Shaft
Encoder”, JIEE Trans. Vol. 114-D, No. 4, pp.
424-431, Jul./Aug. 1994.

[2] Y. Okamura et al, “Robust and Adaptive

Control of Servo Motor with Low Resolution

Shaft Encoder by Average Speed Type
Instantaneous Speed Observer”, IPEC-
Yokohama’95, PP. 705-711, 1995.

{31 Y. Hori, “Disturbance Suppression on an

Acceleration Control Type DC Servo System”,
PESC Record., pp. 222-229, 1988.
{41 H. Kobayashi et al,
Speed Control for Torsional System with an
IECON

"High performance IM

equivalent  disturbance Observer”,
Record., pp. 703-708, 1991.
[5] T. Yamada et al,,

Speed Control characteristics at Very Low

“A Method for Improving

Speed Region by the Least Order Disturbance
Observer”, JIEE Trans., Vol. 114-D, No. 4,
pp. 415-422, 1994.

[6] David G. Luenberger, Introduction to Dynamic
Systems, John Wiley & Sons, 1979.

[7] Kouhei Ohnishi et al., “One Approach to the
Torque-Speed Regulation of the Separately
Excited DC Motor using the State Observer “,
JIEE Trans., Vol. 104, No. 6, pp. 49-55, 1984,

{81 H. Watanabe, H. Nakatani, and T. Fujii, “A

633



A sjd neAIets) = A A2d A4s

Method of Flux Observer for the Induction
Motor”, JIEE Trans., Vol. 109-D, No. 9, pp.
662-628, 1989.

[9] T. Yamada, “A Method of Inertia Estimation
by Torque Observer”, JIEE Trans., Vol
113-D, No. 2, pp. 263-264, 1993.

[10] A. Shimada et al., ”"Analysis of Estimation
Error on Observer for Disturbance and Velocity”,
JIEE Trans., Vol. 113-D, No. 7, pp. 874-882,
1993.

[11] TMS320C3X User’s Guide, Texas Instruments,
1992.

[12] TMS320C30 Optimizing C Compiler Reference
Guide, Texas Instruments, 1990.

634

0] A Z(Sung-Geun Lee)

983 &haraf oF ol &t a(F-gha} -
71333

990 gh=-afl oF o & a(3-3H4 A}
- A7]4])

998 &h=}sll oF o & aL(-F-shuatbat

A - A7)A)

1983~1986 : A AT WA )

1986~1987 : gHA #l-+(F)(ANA )

1989~1991 : FAAATHAAAAE, T34)

1992.3~1998.8 : A chs}l Ajo] A S F2S)

1998.9.1~&A) : g n Arl3stHL4Ah

*AF : A7|A, AW Ao

*FQ AFRel  AIME AA D AFY] Aol

YA S48 2 AH7)7)7] Ao




