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A High-Performance Speed Sensorless Control System for Induction Motor
with Direct Torque Control

& B e - &% ET - o\ o T
(Min—-Huei Kim -+ Nam-Hun Kim - Won-Sik Baik)

Abstract - This paper presents an implementation of digital high-performance speed sensorless control system of an
induction motor drives with Direct Torque Control(DTC). The system consists of closed loop stator flux and torque
observer, speed and torque estimators, two hysteresis controllers, an optimal switching look-up table, IGBT voltage
source inverter, and TMS320C31 DSP controller board. The stator flux observer is based on the combined current and
voltage model with stator flux feedback adaptive control for wide speed range. The speed estimator is using the model
reference adaptive system(MRAS) with rotor flux linkages for speed turning signal estimation. In order to prove the
suggested speed sensorless control algorithm, and to obtain a high-dynamic robust adaptive performance, we have some
simulations and actual experiments at low(20rpm) and high(1000rpm) speed areas. The developed speed sensorless
system are shown a good speed control response characteristic, and high performance features using 2.2[kW] general
purposed induction motor.
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Fig. 1. Conception of Direct Torque Control
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Table 1. Optimal voltage switching vector look-up table
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(c) Stator flux waveform of d-q axes
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Fig. 5. Simulation results of proposed drive system at

+20rpm

1000

500 ¢
Wrpm act, --—1— = Wrpm est.
ot
=
500 -
Wrpm ref.
1000
o o5 1 15 2 2:5 -; 35 4 45 5
Time{sec]

(@) SEH Ol SESY

(a) Response characteristics of speed control

22

(b) E3HO SEHEHN
(b) Response characteristics of torque control

o4l T T T :
A
03 LAMdss
02
014 |
| I
3 [
01} [
02} |
LAMgss
03 |
0.4/ U

245 25 255
'r-mo(ml

(c) M= AEfM d—qF D™R AHS5ahg
(c) Stator flux waveform of d-q axes in transient state

30 -

Igss.

G 25 26 27 28
Time{sec]

(d) ZH=MEfOlM dqF DHEA MRy
(d) Stator current waveform of d-q axes in transient state
a8 6. £1000rpmoil Al A2l A|AEISl AlZ2|o|Md Z1t

Fig. 6. Simulation results of proposed drive system at

+1000rpm



1. A EgZ 5
Age  Hgw Aog& DSPE  TIAS]  TMS320C31
60[MHz]& AH&3tth AFAl 71 100[usec], & =A<
F71% 1lmsec], £%5F4 F7]= 100[usec]2 AAEH Qo
A Aol AHEE Ao} e B 339 2k
O 72 A A=) A& A APdAdAE BHodE A
o2 +20[rpm]ol A -20[rpm]o 2 Ao AH HEE FA
S o S$HEAOR (1) =AM oF H5

)
4, (b Ao $E SEAel $REY, (© EaA

P

ACTE, TISHEA, (e 244 A&3F( 0y, D),
aga (e daF AR AFHA(1,, I Js BT

i Atk

a7 82 A A"l A& A APFAFAE HA:
o2 +50[rpmlol A -50[rpm]e.2 A A#H £%
< e SHEHLE, (e FEAY $954, (b)
FE ] G Aol SHEA, (o) EFA §HEA
(e 232 A&H9Y, 1893 () dqF 2ZA AFo

A Ra QlrbaE el A
(+1000 ~ -1000)9] LAl A FH=A]
dF Aolth (= HEAlel &

+1000°1 A

o
O
>,
ol
iind
i)
il
(HA 14

R
=
o
I
ol
oo
ot Kl
|
o

*IOOOrpmSLi W sl
(0 EIAN 954
249+, (o) 3—’731} A& o] 2 AT
T EH A d-qF

ol Al & = 9l kel o
71§l AAl=dle T4
A7k Z o] FolHE & F Ao, EAL} AH JA
SAHA & FEEH 7t dES B o AT

El
ol
2 ¢
o b g
j‘:if i
oflt ol
tlo o
o
9 P& )
. o
T
v M
PR
- Q
2 M5
—
Ho T (];j
I =

R OV A )

kv 3.
Table 3. Applied Control parameters

M= mMolr|el zlzto|g

=)

2

Bl ~E g A& Ao 7Y ME= T
B3 F A2 Ao 7o) WE= |97]x0.03
% F74 F7] = 100[usec]
A5 Aol 7] = 100[usec]
4% Aol 7] = 1[msec]

*x0.03

e
=
%

Kep =91
%% Ao]7] s
Kg = 0875
K yp = 1000,
Adaptive mechanism
K w; = 16000

2 E3Fojof ofst & ds HOoAIAH

Trans. KIEE. Vol. 51P, No. 1, MAR. 2002

m

Wrpm_ref YWrpm_est
/ =
Wrpm_act
m'h 2 I;”Wwww

A .55 300w B .5s 3004

x% = 0.5[sec/div], y& = 9lrpm/div]
(a) EEH0 SEHEY

(a) Response characteristics of speed control

10[%[=30[rpm] O  STOPPED

Wrpm_est

wWrpm_ref

erm_act/jl 'N""‘\ ,uu,
ey i Al

A.1szm0 v B 1 =3mayv 10=30[rpm] O STORPED
x& = 0.1[sec/div], y& = 9lrpm/div]
(b) Tt AEfol M EHHE HESE

(b) Expanded speed response in transient state

Te ref

g WW.
Q W wwmmmwmmw

E .5 s 3.80 v T0VE10[MNm] O
x& = 05[sec/div], y& = 3[Nm/div]

(c) ETHo 854
(c) Response characteristics of torque control

STOPPED

23



BREFHNEG 51PE 158 20025 38

LAMQgss

17}

LAMcdss

10[W]=0.5[¥h] 3 .55 3.80 Y O STOPPED

x% = 0.5[sec/div], y& = 0.15[Wb/div]
(d) UE=MEjolM d-qF DHEA} XSOy
(d) Stator flux waveform of d-q axes in transient state

Igss

1)

Idss

3 5 s 3OO W 100 ]=10[A] o STOPPED

x& = 05[sec/div], y& = 3[A/div]
(e) dq& I™A MFIY
(e) Stator current waveform of d-q axes
a8 7. £20rpmoll M KA E FSA|AE S MEZ D}
Fig. 7. Experiment results of proposed drive system at £20rpm

”Wm-wh“

Wrpm_est

Wrpm_ref \‘\&\ Ly MHMW "‘"’“"r

w I o ﬂwwnﬁm.

Wrpm_act
2 Es20E8Y 3 .5 s 360 Y 10=100(pm] 0O  STOPPED

= 0.5[sec/div], y= = 30[rpm/div]
(a) Aol SEHEM

(a) Response characteristics of speed control

24

fa

1o

A.1s308 Y

18]

Wrpm_est
wmmret memwm
= it i u
U.\ Wrpm_act
M .1s 300y 10WFE100[mm] O  sToPPED

x%& = 0.1[sec/div], y& = 30[rpm/div]
(b) Tt AEfoll M EEE £ SE

(b) Expanded speed response in transient state

Te_ref

C ———

B 5s300W 10[%]=10[Mrn] 0O STOPPED

x%& = 0.5[sec/div], y& = 3[Nm/div]

(¢c) EadMof S8EH&EM
(c) Response characteristics of torque control

LAMdss

LAMgss

10[w]=0.5[wb] 3 655380 W O STOPPED

= 0.5[sec/div], y& = 0.15[Wh/div]
(d) tEME A d-qF DHEA Rh5 s
(d) Stator flux waveform of d—-q axes in transient state



Idss

1

Iqss/

B .5 s z.08 v 10VEI0[A] o

x%& = 05[sec/div], y& = 3[A/div]
(e) dqF ™A MFItg
(e) Stator current waveform of d-q axes
a7 8. +50rpmoll A HA|E SA|AE el AMEHZADL

Fig. 8. Experiment results of proposed drive system at +50rpm

STOFPED

3
|
— Wrpm_est
Wrpm_ref
i v
Wrpm_act
2 5 s 3.068 W E .5 s 3.00 W o STOPPED
x=0.5[sec/div], y=450[rpm/div]
(a) SEHM0 SEHEHN
(a) Response characteristics of speed control
g

—Wrpm_est

Wrpm_ref

Wrpm_act

A .1 s 308 W M .1s 300w 100 ]=1500[rpm] [n} STOPPED

x=0.1[sec/div], y=450[rpm/div]
(b) Bt AtEfollM EHEE £z SH

(b) Expanded speed response in transient state

HE sadolol o3t STUEY| 9E REMEIIS DHS MojAIAY

Trans. KIEE. Vol. 51P, No. 1, MAR. 2002

Te_ref

w'l'tlflh'\h“\“:‘--"“A,.N“.,W]‘»".‘,U\M.J»}}Wﬂr‘w‘L"‘ﬁr‘.‘(,"JJ-...JA‘.\“\[‘I l

STOFPED

B .5 s z.08 v 10[v=20[Nm] o

x=0.5[sec/div], y=6[Nm/div]
(c) Eaxol 2HEA

(c) Response characteristics of torque control

Resding Floppy Disk Drive

LAith:Iss

CE50 ms 3.080Y []50 ms 3.80 Y o STOPPED

x=50[msec/div], y=0.15[Wh/div]
(@) = MEfOlM d-qF D™HA A&ny

(d) Stator flux waveform of d-q axes in transient state

17-Jan-02
1:08:23

10[v)=0 5[]

O  STOPPED

x=0.15[Wb/div], y=0.15[Wb/div]
(e) DHA A£Ho| 2AtF =¥

(e) Lissajous figure for stator flux

25



BREGHNE 51PE 158 2002F 38

Igss

VA AN

ldss

10[v]=25]4] C58 ms 3.88Y []50 ms 2.80 Y O STOPPED

x=50[msec/div], y=7.5[A/div]
(f) dqF I™¥X MFIY
(f) Stator current waveform of d-q axes
a3 9. +1000rpmoll M MA|El FSA|ARS] AlS A}

Fig. 9. Experiment results of proposed drive system at

+1000rpm
62 Z1 HE
ME FEAENE Al 47

2 9
>
|
)

NFE
>

Hox ox o & omE o

fO b oM 12 M

+20rpmell A 2ok 149 99¢l +1000rpmel At $-=%
o] Aol A& woIFa Yrh I AANH A2 &
ool A me $HSHT FBY Aol 5ol AojPo] &

A
$HEHE PFol 2 AL welFm g ot

Aol 7ol A 2
g ATz AR
7.4 =

47 FHER BANT o Advokld 4UTES A
oA zgle mES] JUES WE SHEHS i A2dol
5ot £EAE/E Agetel MEAY oES EYW
Ao Alzgle] gaACld Bol Hgxm QAW PE7] Ut
Azgle B, AAn fANE AT, AN B
Qg3 NS Womd B ope 4§ BPol upeh £A)
= ool WS Hersta, Be ddte]l £ E Alo] Pu
JEo Adte] WEHOE BHW Hoeofst nke] xz
ANE Argstelokt Tde] b et

ool meh B AFAME WE FEAENE D4 4
Ao g Alzdel o g3 gt ME FH $PEHo o
oA AHEAA] YA Hgshel FEAZY] flol 1A
SAE & & JE Aol YnES A, o] YuF
of olste] HEAll WAt We UAY HEA Az
FAFAE Azw A M APEAA] Azd
Aol e 2 YL Fr A%S DA B o
AsAAE A88 & QA 37 AR AFE 4EB37)

26

Agegon, S5 Fge

DSPSQl TMS320C31& ©]

e I
o sheslofn
EEJ

T A= A

AQHE Aol el Fat A 2wl
A% flekel IGBT At 2
AEINE AHgstel ABAlAL A
e

oA +20pm¥* +50rpme] A &4 93 £1000rpm

O R oo o E o Q2 O >

1

_)./‘

_0|L

¥ =
o

i1

oo

ﬂ& How
i)

2

>

41,

i

K

i)

N

2 I N go T oo > oo fo
=2
[\
8o
>~

1
1o

Akt

of ATE BRBIM SHT|

1]

P

Ao
e

[1] 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.

[2] Colin Schauder, "Adaptive Speed Identification for
Vector Control of Induction Motors  without
Rotational,” IEEE Trans. on IA, Vol28, No.5 1992,
pp.1054-1062.

[3] Joachim Holtz, "Speed Estimation and Sensorless
Control of AC Drives,” IEEE-IA. Conference, 1993,
pp.649-654.

[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] I. D. Landau, "A Survey of Model Reference Adaptive

Techniques Theory and Applications,” Automatica,
Vol.10, 1974, pp.353-379.

[7] R3], "A&£FFNA H=HE7] e FEdE5719
A4 AZA Az=E FAgSEes] =iA,

Vol. 2, No. 2, pp. 91-102, 1999. 10. 30.
(8] Aw3), A, Az, “A4 =3 5 2% Aofe] o

Mg lo

N

1,” A49PH #1235 pp.22-28, Cct 2000.
[9] Bimal K. Bose, "Power Electronics and Variable
Frequency Drives,” IEEE Press, pp. 454-478, 1996.
[10] Peter Vas, "Sensorless Vector and Direct Torque
Control,” Oxford Press, 1998.

[11] Iron Boldea "Electric Drives,” CRC Press, 1999.

[12] Peter Vas, "Artificial-Intelligence-Based Electrical
Machines and Drives,” Oxford Press. 1999.



[13] M. Depenbrock, "Direct Self-Control(DSC) of
Inverter-Fed Induction Machine,” IEEE Trans. Power
Electronics, Vol.3, pp.420-429, Oct. 1988.

[14] James N. Nash, "Direct Torque Control, Induction
Motor Vector Control Without an Encoder,” IEEE
Trans. IA, Vol. 3, No. 2, pp. 333-341, March/April,
1997.

[15] Sayeed Mir. Malik, E. Elbuluk and Donald S. Zinger,

Stator

in Direct Torque Control of Induction
Machines,” IEEE Trans. PE., Vol. 13, No. 2, pp.
279-387, March 1998.

[16] Hoang Le-Huy,
Control and Direct Torque Control
Motor,” PESC'99, pp. 1245-1252, 1999.

[17] Jun-Koo Kang and Seung-Ki Sul,
Torque Control

"PI and Fuzzy Estimators for Turing the
Resistance

"Comparison of Field-Oriented
for Induction

"New Direct

of Induction motor for Minimum
Torque ripple and Constant Switching Frequency,”
IEEE Trnas. IA, Vol. 35 No. 5 pp. 1076-1082,
Sep./Oct., 1999.

[18] Cristan Lascu and Ion Boldea, "A modified Direct
Torque Control for Induction Motor Sensorless Drive,”
IEEE Trans. IA. Vol. 36, No.1, ppl22-130, 2000.

[19] Jehudi  Maes, and Jan A.  Melkebeek,
"Speed-sensorless Direct Torque Control of Induction
Motors Using an adaptive flux observer,” IEEE
Trans. IA. Vol. 36, NO. 3, pp.778-785, May/June 2000.

[20] P. L. Jansen, and R. D. Lorenz,
insigntful

"A physically

approach to the design and accuracy
assessment of flux observes for the field oriented .M
drives,” IEEE Trans. IA., Vol. 30, pp.101-110,
Jan/Feb. 1994.

[21] Joachim Holtz, "Dynamic Analysis and Sensorless
Control of Induction Motors,” Tutorial Text Book,

IECON-2000 Conference, 2000, pp.51-67.

Y E3Fojof ot HEHET| Rle FEUS7|e M5 HOAILH

Trans. KIEE. Vol. 51P, No. 1, MAR. 2002

49 3£ I E)
19539 79 23¢ A 19749 dduig
Ty e A7|FEs . 1980d &
gl H71FstE G (A AN, 1939
gl ugd AUy 4@,
19799 3¥~dA FdolFug 7]
AHAE ma. 19939 79 ~19959 8¢
= "HUlA FEHASw A3 AHHAA-SLEATFAE
(PEAC) AT 5. 1996 8¥ IECON'96 H ¢ =&AFFA
dA & g3 ERAYLAY, H7]717] oA A 28l g
3] P ol

el 1 (053)650-9263

x @ (053)624-4736
E-mail :

oy & Rl

—
—

_.JEré.i

mhkim@ync.ac.kr

= = (& 5 1E)

19733 69 129 A 1998 A thgtw
Zi]ﬂﬁ]xld-‘f]' 104 2000\/4 o:]v}—q]zﬂ
71 A AAD. A F A

Tel : 053)650-9263,
ax : (063)624-4736
E-mail : copl288@yahoo.com

8 2 Al(H JT )

197049 109 2094, 1996 AMdistn 4
gtk 24, 2000d 99 ~2001d AA Fdh
gt gt A7 g} Ay

Tel : 053)650-9263,
ax : (053)624-4736
E-mail : priwsb@hanmail.net

27



