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Robust Adaptive Control System for Induction Motor Drive
without Speed Sensor at Low Speed
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< Abstract>

The paper describes a robust adaptive control algorithm
for induction motor drive without speed sensor at low
speed range. The control algorithm use only current
sensors in a space vector pulse width modulation within
loop control with rotor speed estimation and voltage
source inverter. On-line rotor speed estimation is based on
utilizing parallel model reference adaptive control system.
MRAC of the modified flux model for flux and rotor
speed estimator uses dual-adaptation mechanism, @ and
w. scheme. The estimated flux components in the model
can be compensated from the effects of offset errors on
pure integrals. It can be compensated to the parameter
variations and torque fluctuation with speed estimation In
less then 10 rad/sec. In a simulation, the proposed
induction motor control algorithm without speed sensor at
very low speed range are shown to operate very well in
spite of variable rotor time constant and fluctuating load
without change the controller parameters. The suggested
control strategy and estimation method have been
validated by simulation study, and it proposed the
designed system for the implementation using TI320C31
DSP/ASIC controller.
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<Nomenclature>
Ry Stator resistance per phase.
I, Rotor resistance per phase.
Ls Stator inductance per phase,
Ls Rotor inductance per phase,
M Mutual magnetizing inductance per phase.
0 Leakage coefficient
P Number of poles.
P Differential operator.
W o Synchronous rotating flux angular speed.
Wy Motor electrical angular speed.
w 'y Motor electrical angular speed command.
@ m Motor mechanical rotor angular speed.

W sl Slip angular speed.

@, f Phase angle.

d*-q"®  Stationary stator axes frame,

d-q"  Synchronously rotating rotor axes frame.
d'—qr Synchronously rotating flux axes frame.
Vv’ Reference voltage command.

vas (Vas) q-axis(d-axis) stator voltage.

i"y (i'2)  Result stator (rotor) current,

igs (las) q-axis(d-axis) stator current.

i qs(ias)  g-axis(d-axis) stator current command.
e () Stator flux (torque) component current.
los (Iss) g-axis (d-axis) rotor current.

D, Rotor flux.

Dy, (Pgs) q-axis(d-axis) stator flux.

Dy (Pg) q-axis(d-axis) rotor flux.

O (@) q-axis(d-axis) compensated rotor flux
0. (004 Synchronously(rotor, slip) phase angle.
"o Symbol of reference command.

LI Symbol of estimated value.

" B Symbol of compensated value.

A" Symbol of small and linear variable
value,

i Time constant.

Il T2 Switching time interval for SVPWM.

Te Motor developed torque.

Ty External load torque.

Ta Sampling Time.

T; Rotor time constant.

['v, Ti, Tf Compensated time constant.

Y Positive constant.

J System total inertia.

B System total viscous coefficient.

Nm Actual motor speed.
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Table 1. Parameters of applied motor and

the speed estimator

Motor rates : 3-phase, 4 pole, 2.2Kw, 220V, 8.2A, 60Hz,

1730 RPM

Motor parameters : Rs = 0.7138 [Q], R, = 0.7732 [Q]
Ls; = 0.079156 [H], L; = 0.079156 [H]
M = 0.07501 [H], o = 0.102
Ty = 0.1024 [Sec], ] = 0.025[Kgm™2]
['4s = 4.2 [A], Bn = 0.01[kgm"2/Sec]
KL = 0.3 [N-m.sec/rad]

Speed controller | Kys = 08, we = 1.5, a= 0.6

Speed sampling time :© 500 usec

Current sampling time : 50 usec

Speed Estimator @ K; = 0.8, Kz = 300, Tv=Ti= 0.015,
Tr - 0015, Igs limit = 12A
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Fig. 7. Response characteristics of the system
for designed speed estimator with varving T,

and fluctuating Tp. at @, =10 [rad/sec).

0 | 2 3 4 [sec] 8 1 ? B

6. Dl comTuweis biomatAl R o

54 I

IFig. 8. Response charactenistics of the system
for designed speed estimator with varying ‘I,

and TL. at @'y = 2 [rad/secl.

JE | Vanabds s Cocsitacd T [0 V02 20 X))

FFig. 9. Response characteristics of the system
with varying T, and fixed Ty at @’ = 10

[rad/sec).

[H) Fuset Tons Coraart o [0 104
Cra<
o2
AR
000
uns-'

Fig. 10, Response characteristics of the
system with constant T, and fluctuating
load torque Tp at @', = 10 [rad/sec].

4.3 Ao] daglF HE

W dEol] A AAE AlA¥e] F2Ha A
S XA AlEH IS Fdl ElEUd.
o] A& L°3sH o33 o,

o 1§ 604 B ¥pe} o] AAlE giare]
v YA AASF(THS H38 EA(TL
A= FTHAFAHC T RAgFa 9l
=

e 1Y 7% 89 (a)lA FAHE 7 &=
(Wees)®t AE718 4 FE(0raa)E (DA
o 3 AR AAF(T)E S48 WES (c)
Ay §-8le] vWlEolx B APEE
(w'pel & FFHIL S HoFa 9l
. ol AAE Aol AlAagel 2F



A&gol A £x4E717F 8z FEedE|el A4 A LA Al

MRACH el 93t S5 A3:A U] 5ol
A&EGdYolME 8 FHEAE
T ASE Ho Fa Y.

o 3AHA 4 HE 0, AE9 I FE w.
gylo|=uigle] 3| MA Lo QAR
AQg®t AQGZF Dol HESE = “Dual-
adaptation” W2 19 79 (H)eF (Dol
A Holg ARy HEAdeeA oFile] @
2 M A 2AEa Yo wE A7
o] AAdE2 S5 a7 Jo=
Aol e HelFa gtk ol HEH A2
9ol Z7] @3 Alojzie] wlepvlelrt #
Ag o] A FAHL SS9
gk},

e 1Y 904 MolFE A= AAIEH Ao
Adarg] FolAe AR AlAHF T.o HZ
b Zpwolsy Brdar A7) x4l

FA71 & J9¥& WA 41 FFsn
ASE HoFm At ole HFEFHN F
Aol stetvEl FAHE FAlo] o] Fo]A
AeS € 5 UH.

e 19 109 A Wi Ei: 9o F4
stAl 7 Ha1 FoEU s o] AlA{E
Agd&red wa ddFPERe & 57
W], d57]= HASH SAEE HoF
i Qe olE Fate] AlAlE AlA¥L
AT ZQA o] ASHAG.

o] &
|

414 T4 A% A=A

29 11 AAlg gaegFe 3 98
of A A2E Al A¥E noF Ao}, e
WM IGBT <SIWE e} tho]rupw] H#o]=lo
olgto] FLEHME7IE Alojjir). AAlE dae

29 787 AL n&AAb FuAX
59w PEstelol due 1ME NE
A3 AAdte]l  &olg TI320C31 DSP

Processor Board®}t FPGA°| ¢]sle] SVPWM
i8S wWAlsle] IGBT AWEE FEde
DSP/ASIC Controller& 7 A #fato] PCeol| A
Aol H 8 A& FENUTY. MRAC &%
FA71= vl 10 usec vt} A4 AW, 3 A
A Apgzo] A4k M §FA|o] 7= 50 usecE, &
w9 AEAo]= 200 usec v g8 H S

A7 5l DSPe 4% dwk HiE 7)ol WE
o] SHMEAUE aeldte] E w| AAjE L
Z3 AojAlA¥]L wE Ate]l 9 4R Y
ol ojelfo] upEc}, olo] g FHEA
Ay 9] Wi g Aol

2,

2 W

5. 4 &

Aa&gol A HE7)el upepvle e} N-ahW
& R oo &FA4H AJAAPAE olE F
AE FEHEZZF Yl FEA4E7] AojAlx
o] AAEAULE &S5 F4o] AEEHe Y
A SHA AF7] GAolA HMQle] Wi
& JEE Fol7] 918t MiAle]7|dAM &
gyl AUAE @k "E7] dApelr FAHE
AFE Al8sto] AJAF el oA
ol 2 Aol A AlAbEl &S AFEFE 3] A )
& A A" &% Ay JFAES]
g Fo|7] 9sle] 9z AlA A&
RAE 3z &S 4 S5 AHFA L o
#4325 RAV)EH S 534 AojAl Akl
th, AAE A AR xSy Wiy wd
713 A-gAle]l 7Y SVPWME A &35 2
W 2913 QImElo] oF W E Aol Al A
o2 FA3grt. o] gl F Al I
S 5A4& FAs7] 9%l SIMNON PCM
A EQO]E ALEEe] AlHdH oS AAEA
c}, o] A} HxAA FA7]|9F wE Ao] 7]
upgpv] E] WM slel] up WA A o] 8] A 2}
A8 FAYE A 83A ¥ AdEAA et
B S FAHSA ¥ Y4AF 7] 4gvtew
T 3 AR AlASe KeliiE R W Eo
AE AEGZGHoA 58 Aol Ao} F
Aloll ZAA AlolE o] FolF g RoFUr, &
& T8-S 9% TI320C31 DSP/ASIC Ao 7] &
AL8-8E A A AE Aol Al AR A Al E QYT
AAE Al2ge] dnF AojAAHE F
& g}8tal A Ao gk e HAEZ} o] Fo
AW FEHE7]E o) && AW HE7] Aojrt
Q5= 4] 88 FofollA v}kl % fo] 7]
o ¥}

) b=
’5!"1.__'

= 100 =



VRN B GRIGE A2 A28 (1999.10)

BT 90

@ﬁ— e _I{L#F
ﬂ"|‘ 4} *I} 1‘I]' ™
L‘ mrzluma
o Protectng Circull
P
(i
» -
/T COUNTER [HH|
ITII!..'I.H.:M
= 16 bt FPGA Board
B e T f
BUS 3 Chavel
R e T
Pedt
OGP Boad | pSPIASIC Contodier

I“ig. 11. Designed the System for a
Implementation

o] =< 19979 w8 &3 S A 9
AHf-F A Anjo] eo]sto] o] FofF
AFAd39 g F#9l.

(7} A W 5 1997-004-E00105)

Zasg

[1] Colin Schauder, "Adaptive Speed Identification
for Vector Control of Induction Motors
without Rotational”, IEEE Trans. on IA, Vol.Z28,
No.5, 1992, pp.1054-1062.

[2] Min-Huei Kim and James C. Hung, "Vector
Control system for Induction motor without
Speed Sensor at very Low Speed”, IECON'95,
1995, pp. 524-529.

[3] Joachim Holtz, "Speed Estimation and
Sensorless Control of AC Drives”, IEEE-IA
Conference, 1993, pp649-654.

[4] Young-Real Kim, Seung-Ki Sul and Min-Ho
Park, "Speed Sensorless Vector Control of
Induction Motor Using Extended Kalman
Filter”, IEEE Trans. on IA, Vol.30, No.5, 1994,
pp. 1225-1233.

[5] Fang-Zheng Peng and Tadashi Fukao, "Robust
Speed Identification for Speed Sensorless
Vector Control of Induction Motor”, IEEE
Trans. on IA, Vol. 30, No.5, 1994, pp.1234-1240.

[6] T. Ohtani, N. Takada and K. Tanaka, "Vector
Control of Induction Motor without  Shaft
Encoder”, IEEE Trans. on IA, Vol28, No.l,

1992, pp.157-164.

[7] Joachim Holtz, "State of Art of Controlled AC
Drives without Speed Sensor”, IECON'Y95, pp.
1-6, 1995.

[8] Lazhar Ben-Barhim and Atsuo Kawamura, "A
Fully Digitized Field-Oriented  Controlled
Induction Motor Drive Using Only Current
Sensors”, IEEE Trans. on IE, Vol39, No. 3,
1992, pp.241-249.

9] Jennifer Stephan, Marc Bodson and John
Chiasson, "Real-Time Estimation of Parameters
and Fluxes of Induction Motors”, IEEE Trans.
on 1A, Vol.30, No.3, 1994, pp.746-759.

[10] Kaushik Raiashekara, Kawamura,
Kouki Matsuse, "Sensorless Control of AC
Motor Drives”, IEEE Press, pp.1-248, 1996

[11] Jinsheng Jiang and Joachim Holtz, "High
Dynamic Speed Sensorless AC Drive with
ON-Line Model Parameter Tuning for Steady-
State Accuracy” IEEE-Trans. IE, Vol.44, NO0.2,
pp.240-246, Apnl, 1997

[12] Patrick L.Jansen and Robert D. Lorenz,
"Transducerless Field Orientation Concepts
Employing Saturation-Induced Saliencies iIn
Induction Machines”, IEEE Trans.lA, Vol32,
No.6, Nov. 1996, pp.1380-1393.

[13] Lennart Harnefors, Hans—peter Nee, "Adaptive
Sensorless Control of Induction Motors for
Improved Low-Speed Performance”, IECON'96,
pp.278-285, 1996.

[14] Kubota, Kouki Matsuse, "The
Improvement of Performance at Low Speed by
Offset Compensation of Stator Voltage in
Sensorless Vector Controlled Induction
Machines”, IECON'96, pp.257-261, 1996.

[15] Min-Huei Kim, “Advanced High Frequency
AC Propulsion System for Next Generation
Electric Hybrid Vehicle”, IKIPE, Vol.2, No.l,
pp.12-25, 1997

[16] Min-Huei Kim, Bimal K. Bose, M.David
Kankam, "High Frequency AC vs. DC
Distribution System for next Generation
Hybrid Electric Vehicle”, IECON'96, pp.706-712,
1996.

[17] Bimal K. Bose,
Vanable Frequency Drives”,
1996, pp. 454-478.

Atsuo

Hisao

"Power Electronics and
IEEE Press,

- 0L =



A&l N £54E717F /i REAEZIY BAAY -S40 Al&H

[18] Joohn-Sheok Kim, Seung-Ki Sul "A Novel
Voltage Modulation Technique of the Space
Vector PWM", IPEC-Yokohama, 1995

[19] Ion Boldea and S.A. Nasar, "Electric Drives”,
CRC press, 1999

[20] Kouhei Ohnishi, Nobuyuki Matsui and Yoichi
Hori, "Estimation, Identification, and Sensorless
Control in Motion Control System”, Proceedings
of IEEE, Vol.82, No.8, August 1994, pp.1253-
1265.

[21] Peter Vas, "Vector Control of AC Machines,
Oxford Science Publications”, pp.129-134, 1993
[22] LD.Landau, "A Survey of Model Reference
Adaptive Techniques Theory and Applications,

Automatica, Vol.10, 1974, pp.353-379.

(23] SSPA Maritime Consulting AB, "SIMNON for

Windows Version 2.0”, May, 1995

(19991 79169 FH4=, 19993 1095 Al )

- 102 -



