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A Novel Direct Torque Control of Induction Motor
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ABSTRACT

This paper describes a control scheme for direct
torque and flux control of induction machines.
The proposed predictive flux control scheme has
directly calculated the reference voltage space
vector based on flux errors in order to control
the torque and flux.

This proposed control scheme has not the
requirement of a separate current regulator and
proportional-integral (PI) control of the flux,
torque, and/or current error, thereby improving
transient performance and also has the
advantage of less torque ripple in steady state
with a fixed switching period. The effect of
proposed method has been proven by
simulations.

1. M £

N

£719 29 £3 AP e Ao
gt F@o] golat:, WE B $HA
a% 5402 #x b2l 28y 4
12 Aoi71g Agetd EHULYe AR
E3 Aolge A% 299 FA5H ¢

= 2 wszde) wet ooy Fualy
AIGNH HE7le EaFo) wHsE

\1—9-4°
r

p

I~

£
)

= o r\*

2 4 el do
d R o

e o Ho Jp
L2
;9.

t}.
=22 A71E degste ARA 7,

2 A& o] & PIAO7]|5& BF /‘gé}:s}-
EF Ao e 7 & FAHA A=A
el wWe E3 LBHE SX8x, FLAY
Bl PWMHEA S o] &8 Qe 293 Fa+E

£
i)
2]

dASA FAA AN EA AL A
23 EE Aol M2 Ao %} 2 EFS A%
stem, 1 BBAHE AMEdHINS T HFe
Rt

2. Mot NY £3 Mol WA 7

38 12 A" AH EA Ao] A9 alo] &
£5olt, AHBEL IAA £E Aoy, A2pE
7], A&AE Qi) vl@r), B3 AYgdE W=z
71522 FAHH Uk At Ao WAl Ao
718 ©&dlste AFAY), EFZAHr] L 2%
Aol g PIAN7|5 S BF sty AH Ea A
oA 713 & A A= AHANAY mE E
3 TEAE AL, FXALHE PWM e
o] &3l AWE ] 28 FuE dAF3A FA s
o FGdeHAMY EA HJEL H2 B2 3

. A
) A
N
Aer Ay v,
ds *, -
. T 3 Re::r“:nce Reference Soace Veet
Voltage pace vector
%_) Speed | ¢ J Calculator C.,mhgm_ 3] Modulation
+ Controller +
- .- Vv
}\qs qr
0)'" A'qs
A
Vs
Flux 7
Observer as )
I( ~
ib.' A
(M

J8 1 HotE XY £3 Mol ¥u2iEe HoZ| FAE

- 426 -



21 RS9 =4

gut A FHEANAY FEAE7] BU32E 19
2 9 zgon, 3RS 2 IAAS A, AF PHHES
A1) ~ @ 2o

i R, L, L, R i

° ) ()

Ujm: is . Uj(ﬂ), -, )&,

O 2 Yy SN HEA HE REMSI(S SItEZ

V=R i+ pA + jw. A 6h)
0=R,i,+ pA,+ (0w, — w,) A, 2)
Ay= Ly, + Ly, 3)
A, = L,i, + L, (4)

A7\ pE NRANA, 0, NRFEA FEE,
0, £ AR $E& Yepd,

A57)s HAEIE 4O Bol AA A& A%
gA4 A% 1,9 oldge ANz FA ¥ 4+ I
o,

3
o

—_— &.B Lm *
T - 22 oL,L, Im[ 25 4]
L, )
= %—22 O-L LT’ ll{r“"slslnﬂ
_3P L )
~ 22 oL,L, (Aagrdgs = A Aas) 5
Q7|4 P AE7|9 24 = A BaAS Ine

48R, 75 AR A5 0,8 AAA A4 o,
e} Apol2e, ot FAREATZA e 2ok
L2

L.L,

o= (1— 6)

A 5)8 29 3028 HA% A& &% HA FE
AdA oF 2RZA A& HE AL ETRA #A%
W(| A X sing =A%), HA% A& 153 dF 13
A A& AL B FAEYO EAsY &L #o
gt metd, A ASe dB 2AA ASe 27
o) A=Y, B qF AR AS 93 A
% stk

O8 3 EIXA A&D DA} ARG HWE T

22 X& FHI|

Az FEANN nAR & L AR A&
& $EAT/ Y nHAE AYH} AF2LEH, dF
2R A& A% oF 1AR A, AT £ 9
o, o W 4 MY AFYA AY V. F &
§ 294 AdozRy 7¥ + do YwHes
A&24L 47190 2 DEIAHE 1R
Are Arstel 7Y AgRLol f%n, I
AZo] AL HEPGME AR FJZE o] 8¢
AFRAS AHEste AR &3 nZA AEHS
33 Aol wiEst. £ =FAE Jansen
o ¢8] 1¢te Improved Gopinath Model& A&
23712 Aedem, 28 @t A52H7]e
TAHAEE YERAT[3]

A% A&de HA% ASYRE o8 T
2ol ¥ # Qrk.

1 A%
6, = tan ' L& )
’ldr

38 4 Improved Gopinath Model 2| 74T

- 427 -



23 AEXY ALY

AR A% 712 HAFEANN £aRT 3
A A% APoRRY 4 (58 o&ae 1A

aF AEAY 158 w26 Ue 9o 2o

8

R E3 FYolN AR A& A% o WsE
A 4% A% 2% WS aEy, dF A% A
A% 2 AHHEE Stk ASAY AWlN Fa
4%, oF AEAF A5, AT & 7E2HEA 024 9
std, A2 FEANAY TAA A&F A% | AL o2
was, waAe 0oy 2o,

2%
B

=X
j -

A% = A% cos 0, — A% sin 6,

Ay =A% sin @, + A% cos 6, 9
24 X5 v|m7jet Metx Yy

A% AN FHA 2R AEXE AL, A5 &
A& FA710H FRE A4 G, A& A% @)

A vasy o3 2o

Ay = A% — Ay

A5 = A% — Ay (10)
A714 294 A T (293 Fa59 v F7)7t

SR AP eE, 194 dEFH g AgAZe
4 (g o8 78 # glov thet 2ok

. ) Viry
ve = Rii% + %
. : Ay
Ve = Rig + Tq (11

25 32 dod e MY

FHAGHH PWMOAAM QduE ] 2933 e8e F
AFAEY vy, vy 22FE ARA AYAYoz
B uEe] 294 443 2943 NS ANE
Al 2R A e g 2R T[]

My Jo o

3. AlEdjold 2t U HE

2 =8dA Agd A" BlgAHE Holyl Y8
ACSLE Argstd 18 164 B9 AH EA o] A
28S P43t AEHOIAE ST B Al olAd
AHE FEAEY A7 2 FEE E 19 Yehldle
o, ¥E7]9 AZEAE 3958Nm, Hd E3E RZEAE
29 159, 2943 Fa5E 102 s+

E 1 R:d¥37| ¥+ ¥ ¥Y
A& 75 (kW] R, 025 [Q]
ARG | 220 [V] L, 35 [mH]
A4%% | 1750 [pml| L, 35 [mH]
BAER | 39.58(Nm)| L 339 [mH]
5 T 4 Jn {022 kg - m?]
R 015[RQ]

= AlEHolddAE AYgd Y B Ao dueF
9 78 7beAe dotrr] As 2943 FHFE 104,
HUEI= JAEZY 15M 2 st

I¥ 59 62 AN A A - H5H 4L 7
ot3l7] A FR3A £EAHE 1294 1500(rpm],
2204 -1500[rpm], ©*] 35%°lA 1500[rpm] o2 W3}
FAE A5 7 5otk

3% 5v FolAe && AHd AA &7t F4F
FE2EE B 4 den, 28 6& &5 JMEA HE)
oA E3E VERE Aol

I 79 8& HAE7|E 15000pm]Y S22 FESIL
AE BT, A4 Fd E3E U789 S 9 $9 5A
ojtk

a8 72 As7Y AAEERA, ARIE A
25%0A &7t LAt LR +EYS B
Aot 1Y 8L WEr] A EAE el w
Ed 3 54¢ A & # 3l

PN

T
=
L

L1
°

os 1 18 2 25 3 3s 0 as

I8 5 [TXYel dstol 2 {5 sS4

- 428 -



4.2 E

B eRe 47 EQ Ao $4024 AY, AF, &
29 AR2PE 293 F715e0e East Ak W
42 AV, G Fol9 daHs EaxPs A4
AFozve 34 AS Avsgn 3@ AgA
PWMHAE olgstel 2914 F34E IS ao,
d AH3%715N AMES A8 JaE AFHES

e E e e e gk AYE A B3 Ao B Ao dueiFol
s, 7)o A B Ao W] 2 We B
3 ¢EAE A8, 4 293 FIgLE FA8HY
AE79 Ea IS 23352 Aojstes AHE 7t

J8 6 STXIPe HEl WE £E3 Y

Aa ek £ At dndFL dAE AEHlA

- € B3t TEst] Jheds 84S FUdsh

v B dFe sSIMAI AL X|@ol 250 J{E
MY B 3SUTL: FU2R FHHUSHCL
138 4 248 18 :: 28 268 2y 28 1, i:!. _—11 ?l?-_ -ﬂ
== A~ =
J8 7 FStE3 ATMA £z HE [11 1 Takahashi and T. Noguchi, "A New

Quick-Response and High-Efficiency Control
Strategy of an Induction Motor”, IEEE Trans.Ind
Appl, Vol. IA-22, No. 5 pp. 820~827, 1986,

[\ september

[2] M. Depenbrock, "Direct Self-Control(DSC) of

Inverter-Fed Induction Machine”, IEEE Trans.Ind
_— . Electron, vol. 3. No. 4, pp. 420~427, 1988.

- : ——] [3] Patrick L. Jansen and Robert D. Loren

"Observer Based Direct Field Orientation

= Analysis and Compensation of Alternative

J“ B ~ Methods”, IEEE Trans. Ind. Appl., Vol. 30, No. 4,
. .au 28 6 27 s pp. 945"‘953, 1994, _]ul/Aug

- [4] Thomas G. Habetler, "Direct Torque Contorl of

_ - Induction = Machines Using Space  Vector

J8 8 F3E3 elJkl B3 U Modulation”, IEEE Trans. Ind. Appl., Vol. 28, No.

5, pp. 1045~1052, 1992, september

- 429 -



