
 

 

 
 

Abstract: T
inverter-fed In
means of very
we can elimin
but it doesn’t
Recent resear
this paper we
spite of 6 secto
 
 
Keywords: 
Torque; Flux

In order 
driving struc
methods ha
Control (FO
prominence 
changing cal
in the view o
of FOC, the 
have made it

In DTC 
intricacy, is
become simp
flux ripple. 
because of hi

Recently 
improve DT
introduce an 
it would be
observe the r

2. 
The elect

machines can

e PT =
3
2

Where Ψ
(both fixed t
stator) and 

C

The advantage o
nduction Machi
y simple contro
nate complexity 
t drive the Ind
rches have intr
e present a new
ors in classical 

Induction M
x 

1. I
to find optim
ctures of elec
ave been ab
OC) of machi

of FOC tech
lculation of in
of control sys
complexity an
t less widespre

techniques, 
s eliminated 
pler. But the 
However th

igh simplicity
some inves

TC [3]. In th
optimal impr

e simulated 
result of an ind

Principles o
tromagnetic to
n be expressed

ss iP ×ψ  

Ψs is the stato
to the stationa
P is the nu

1,2De

15th Iran

Control 
Direct T

of Direct Torqu
ine is high dyna
ol structure. Us
 of Field Orien

duction Machin
roduced improv
w DTC method
DTC, which m

Motor; DTC

Introduction 
mal and econo

ctrical machi
andoned and

ine have been
hniques to the
nduction moto
stem. But desp
nd needs of po
ead.  

the drawba
and inducti

result is incre
ese problems

y.  
stigations hav
he following 
rovement in cl

in MATLA
duction motor

f Direct Torq
orque in a thre
d as follows: 

       

or flux, is is 
ary reference 
umber of pai

Moh
epartment of E

1zare@

ian Student C
Kashan U

28

of Induc
Torque C

ue Control (DT
amic performan
sing DTC techn
nted Control (F
ne as well as F
vements in DT

d with 12 secto
ake it more opt

C; FOC; Se

omical method
ne, scalar co
d Field Orie
n developed. 
e one of scal
or to the DC m
pite of all ben
owerful proce

ack of FOC,
ion motor d
ease of torque
s can be ign

ve been don
sections, we 
lassical DTC;

AB/SIMULINK
r. 

que Control
ee-phase indu

           (2

the stator cu
frame fixed t
irs of poles. 

hammad Zar
Electrical Engi
@grad.kashan

 
 

Conference on 
University, Ka
8-30 August 20

 

ction Mo
Control 

 

TC) of 
nce by 
nique, 
FOC); 
FOC. 

TC. In 
ors, in 
timal. 

ector; 

ds of 
ontrol 
ented 

The 
lar is 
motor 
nefits 
essors 

, the 
drives 
e and 
nored 

ne to 
will 

 then 
K to 

uction 

2.1) 

urrent 
o the 

The 

prev
follo

eT =

W
curr
stati

I
angl
torqu

T
expr

eT =

B
stato
stato
cons
cons
chan
ρs –ρ

T
mea
Inve
simp
stato

O
Δ

D
torqu
com
vect

e1, Abolfazl 
ineering, Univ
nu.ac.ir, 2halva

 

Electrical En
shan, Iran
012 

otor Dri
with 12 

vious equation
ows: 

ss iPψ ⋅=
2
3

Where ρs is th
ent one, both
onary frame f

If the stator f
le ρs is chan
ue is directly 

The same con
ression for the

rs

m

LL
lP
−

=
2
3

Because of th
or one, the rot
or flux; in f
stant. As lon
stant, then the
nged and cont
ρr. 

3.

The way to 
ans of choosi
erter state. If
plicity, then th
or flux in acco

s
s v

dt
d

=
ψ

Or: 
tvss Δ=Δψ

Decoupled co
ue is achieved

mponents respe
tor in its locu

Halvaei Nia
versity of Kas
aei@kashanu

ngineering 

ive Using
Sectors 

n can be m

( ss α −⋅ sin

he stator flux
h referred to 
fixed to the sta
flux modulus

nged quickly, 
controlled.  

nclusion can 
e electromagn

r

m

m

L
ψ ⋅

−
'

2

he rotor time 
tor flux chang
fact, the roto

ng as the sta
e electromagn
trolled by me

. DTC C

impose the r
ing the most
f the ohmic 
he stator volt

ordance with t

 

 

ontrol of the 
d by acting o
ectively of th
us. These two

asar2

shan, Kashan, 
.ac.ir 

g  

modified and 

)sρ   

x angle and αs

the horizonta
ator. 
s is kept con

then the ele

be obtained u
etic torque: 

( ss ρψ ⋅ sin

constant is la
ges slowly com
or flux can 

ator flux mod
netic torque c
eans of chang

Controller 

required stato
t suitable Vo

drops are n
tage impresse
the following 

 

 

stator flux 
on the radial a
e stator flux-l
o components

Iran 

expressed as

           (2.2)

s is the stator
al axis of the

stant and the
ectromagnetic

using another

)rρ− (2.3) 

arger than the
mpared to the

be assumed
dulus is kept
an be rapidly

ging the angle

or flux is by
oltage Source
neglected for
es directly the
equation: 

           (3.1) 

         (3.2) 

modulus and
and tangential
linkage space
s are directly

 

s 

r 
e 

e 
c 

r 

e 
e 
d 
t 
y 
e 

y 
e 
r 
e 

d 
l 
e 
y 



 

 

proportional 
voltage space
3.1 Class

Figure 1 
stator flux, a
VSI states ch
locus is divid

Fig 1: Stator flu
vectors. FD: fl

In Accord
written. It ca
Vk+3 , are no
both increas
degrees) the 
stator flux 
controlling t
develop in th
twelve sector

 
TABLE I: Gene

Voltage 
Stator 

Torq
 
Finally, th
 

TABL
Φ 

FI 
T

FD 
T

FD/FI: flux dec
Sx: stator flux 

blo
 
The secto

from S1 to 

(Rs=0) to 
e vector in the
sical DTC wit

shows the p
and its differe
hosen. In clas
ded into six di

ux vector locus a
lux decrease. FI: f

torqu
dance with fig
an be seen from
ot considered 
e (first 30 de
torque at the
position. Th

the torque is 
he present pap
rs instead of ju

eral Selection Tab
the se

Vector In
Flux Vk,

que Vk

he DTC classi

LE II: Look up tab
τ S1 

TI V2 
T= V0 
TD V6 
TI V3 
T= V7 
TD V5 
crease/increase. T
sector. Φ: stator 
ck. τ: torque erro

ors of the stato
S6. Stator 

15th Iran

the compone
e same directio
th 6 Sectors 
possible dyna
ent variation 
ssical DTC, th
ifferent sector

and different poss
flux increase. TD
ue increase. 
gure 1, the gen
m table 1, tha
in the torque

egrees) or dec
e same sector 
he usage of 
considered o

per, dividing t
ust six. 

ble for Direct Tor
ector number. 

ncrease 
,Vk+1,Vk-1 V

k+1, Vk+2 

ical look up ta

ble for Direct Tor
S2 S3 
V3 V4 
V7 V0 
V1 V2 
V4 V5 
V0 V7 
V6 V1 

TD/=/I: torque de
flux modulus erro

or after the hystere

or flux space v
flux modulu

ian Student C
Kashan U

28

ents of the 
ons. 

amic locus o
depending on
he possible g

rs. 

 
ible switching vo

D: torque decrease

neral able 1 ca
at the states Vk
e because they
crease (secon
depending on
these states

ne of the aim
the total locus

rque Control, bein

Decrease 
Vk+2,Vk-2, Vk+3

Vk-1, Vk-2 

able is as follo

rque Control. 
S4 S5 S
V5 V6 V
V7 V0 V
V3 V4 V
V6 V1 V
V0 V7 V
V2 V3 V

ecrease/equal/incr
or after the hyster
esis block. 

vector are den
us error after

 
 

Conference on 
University, Ka
8-30 August 20

 

same 

f the 
n the 

global 

oltage 
e. TI: 

an be 
k and 
y can 
nd 30 
n the 
s for 
ms to 
s into 

ng "k" 

3 

ows: 

6
V1
V7
V5
V2
V0
V4

rease. 
resis 

noted 
r the 

hyst
error
valu
whe
limit

In
pres
used
divid
activ
locu
vect
to be
of t
tang
cons

Ta
used

Fig 
flu

torq

 
 

TAB

S

S

 
A

is n
obvi
smal
will 
a sm

I
be d

Electrical En
shan, Iran
012 

teresis block 
r after the hys

ues. The zero 
en the torque
ts, and must r

4. Impro
n classical DT
ent a torque 

d. It seems a g
ded into twe
ve states will 
us is introduce
tors can be us
e introduced t
torque increa
gential voltage
sequently its t
able 3 can be
d. 

2: Twelve sector
ux decrease/incre

que small decreas
be used in all tw

BLE III: Table fo
six voltage vecto

S12 
Stator Flux 

Torque 
S1 

Stator Flux 
Torque 

As it has been
ecessary to d
ious that V1 w
ll increase in 
increase the t

mall one. 
It is reasonabl
divided in the 

ngineering 

(Φ) can take
steresis block 
voltage vecto

e error is wi
emain unchan

 
ovement in D
TC there are 

ambiguity. T
good idea tha
lve sectors in
be used per s

ed in figure 2. 
ed in all twelv
the idea of sm
se,  mainly 
e vector com
orque variatio
e written whe

r modified DTC (
ease. TD/TI: torqu
e/increase. Notic
welve sectors, dis

or sectors 12 and 
ors can be used in

ambiguit
Increa

V1,V2, 
V1,V2,
Increa

V1,V2, 
V2,V3,

n mentioned in
define small 

will produce a 
torque in sect
torque in large

le to deduce th
number of int

e just two va
(τ) can take t

ors V0 and V7
ithin the giv
nged. 

DTC By 12-Se
two states pe

Therefore, th
at if the stator
nstead of jus
sector. This ne

Notice how a
ve sectors. Ho

mall torque inc
due to the 

mponent is ve
on will be sma
en a twelve-se

(12_DTC) and its
ue decrease/incre
e how all six volt
sappearing all am

1 in the 12_DTC
n all sectors disap
ties. 

ase 
V6 

V3 

ase 
V6 

V4 

n the previous
and large var
large increase
tor S12. On the
e proportion a

hat the torque
tervals that la

alues. Torque
three different
7 are selected
en hysteresis

ector Table 
er sector that

hey are never
r flux locus is
st six, all six
ew stator flux
all six voltage
owever, it has
crease instead
fact that the

ery small and
all as well. 
ector locus is

 
 sectors. FD/FI: 

ease. TsD/TsI: 
tage vectors can 

mbiguities. 

. Notice how all 
ppearing all 

Decrease 
V3,V4,V5

V4,V5,V6

Decrease 
V3,V4,V5

V5,V6,V1

s paragraph, it
riations. It is
e in flux and a
e contrary, V2
and the flux in

e error should
ater on will be

 

e 
t 
d 
s 

t 
r 
s 
x 
x 
e 
s 
d 
e 
d 

s 

t 
s 
a 
2 
n 

d 
e 



 

 

measured. T
four hysteres

FD/FI: flux dec

 

In figure 
Control is s
different loo
stator flux an
stator modul
actual values
the hysteresi
and torque 
position of th
up table (see 
is divided in
the figure 3,
tend to be res

The DTC 
which can b
schematic, b
the state of th

 

 
 
 
 
 
 

Therefore, the
sis levels at is 

Φ τ 

FI 

TI 
TsI 
TsD 
TD 

FD 

TI 
TsI 
TsD 
TD 

crease/increase. T

5. DT
3 a possible

shown. As it
ops correspon
nd torque. Th
lus and the t
s, and the res
is blocks. The
error hystere
he stator flux
table 2 and 4

nto six differe
, the stator fl
stricted within

requires the
be performed 
y means of tw
he inverter. 

Fig 3: Direct To

15th Iran

e hysteresis b
suggested in t

S1 S2 
V2 V3 
*V2 V2 
V1 *V1 
V6 V1 
V3 V4 
V4 *V4 
V7 V5 
V5 V6 

TD/=/I: torque dec

(* there i

TC Schemati
e schematic 
t can be see

nding to the m
he reference v
torque are co

sulting error v
e outputs of th
esis blocks, t
x are used as 
). The positio
ent sectors. In
flux modulus 
n its respective
e flux and to

as it is prop
wo different p

rque Control sch

ian Student C
Kashan U

28

block should 
table 4. 

TABLE IV: S
S3 S4
V3 V4
*V3 V3
V2 *V2
V1 V2
V4 V5
V5 *V5
V0 V6
V6 V1

crease/equal/incre
torque erro

is no suitable stat

ic 
of Direct To

en, there are 
magnitudes o
values for the
ompared with
values are fed
he stator flux 
together with
inputs of the 
n of the stator
n accordance 
and torque e
e hysteresis ba
orque estimat
posed in figu
phase currents

ematic 

 
 

Conference on 
University, Ka
8-30 August 20

 

have F

 
Switching table fo

S5 S6
V4 V5
*V4 V4
V3 *V3
V2 V3
V5 V6
V6 *V6
V7 V1
V1 V2

ease. Sx: stator flu
or after the hyster
te. It has been cho

orque 
two 

f the 
e flux 
h the 
d into 
error 

h the 
look 

r flux 
with 

errors 
ands. 
tions, 
ure 3 
s and 

 

To
MA
integ
proc
2e-6

Th
5. 

 

P

V

F

 
 
H

inve
secto
proc
have
set a

By
mod
inve
desc

Th
we c
follo
mom
can 
ripp

 
 
 

Electrical En
shan, Iran
012 

Finally, the loo

or the 12_DTC 
S7 S8
V5 V6
*V5 V5
V4 *V4
V3 V4
V6 V1
V1 *V1
V0 V2
V2 V3

ux sector. Φ: stat
resis block. 
osen the second m

6.
o simulate a 
TLAB/SIMU
grators instea
cessing and sim
6 seconds and 
he parameters

TABL

Pn(VA) 149.2

Vn,ll(V) 460

Fn(Hz) 60

ere we want 
erter to impro
ors to twelve; 
cess of torque 
e used 2D loo
according to ta
y means of c

dified and also
erter would b
cribed in previ
he output of si
can see, the e
ow the refere
ment that the 
see noticeabl
le, as we had 

ngineering 

ok up table is 
 

S9 S10
V6 V1
*V6 V6
V5 *V5 
V4 V5
V1 V2
V2 *V2 
V7 V3
V3 V4

or flux modulus e

most suitable). 

Simulation

DTC control
LINK, it’s 
ad of contin
mulation spee
so we would 

s of induction

LE V: Parameters

2e3 Rs(Ω) 

0 Lls(H) 

R’r(Ω) 

to change th
ove its perform

so that all ve
control. So in
ok-up tables 
able 4. 
alculating flu

o by modifyin
be signalled o
ious sections. 
imulation is il
electromagnet
ence values 
rotor speed is

le error. Also 
mentioned be

presented in t

S11 S12 
V1 V2 
*V1 V1 
V6 *V6 
V5 V6 
V2 V3 
V3 *V3 
V0 V4 
V4 V5 

error after the hys

n And Results 
ller of induct

better to 
nues; because
ed by selecting
have better re

n motor are sh

s of induction mo

14.85e-3 L’lr

0.303e-3 Lm(

9.295e-3 J(Kg

e switching t
mance by inc
ctors would b

n this simulati
of SIMULIN

ux angle, 12 s
g eight voltag
on the basis 

llustrated in fi
tic torque and
very well, e

s going to cha
the torque an

efore, is obviou

table 4. 

steresis block. τ: 

tion motor in
use discrete

e it increase
g time step of
esults. 
hown in table

otor 

(H) 0.303e-3 

(H) 10.46e-3 

.m2) 3.1 

table of SVM
creasing DTC
be used during
ion model, we

NK, which are

sectors can be
ge vectors, the

of what we

igures 4-8. As
d rotor speed
except at the
ange, that we
nd stator flux
us.  

 

n 
e 
e 
f 

e 

M 
C 
g 
e 
e 

e 
e 
e 

s 
d 
e 
e 
x 



 

 

 

 

Fig
 

Fig. 7: el
 

 
 

Fig. 4

Fig 5: 

g. 6: rotor speed f

lectromagnetic to

Fig. 8: D

15th Iran

4: stator flux 

stator current 

follows the refere

orque follows the 

DC bus voltage 

ian Student C
Kashan U

28

ence value 

reference value

 
 

Conference on 
University, Ka
8-30 August 20

 

 

 

 

 

 

Dire
optim
plan
wou
So a
this 
that 
used
divid
activ
The 
that 
elect
well

[1] A

[2] I

[3] Y

[4] P

[5] P

Electrical En
shan, Iran
012 

ect Torque C
mal and ec

nning needs 
uld be eliminat
a new strategy
paper. In clas
present a torq

d. It seems a g
ded into twe
ve states will b
simulation of

we expect
tromagnetic t
l. 

A. P. Arias, “Imp
Motors”, Terrass
. Nik Rumzi Ni
Steady-State Op
Machines”, IEE
Jan./Feb. 2002. 

Y. Zhang; J. Zhu; 
DTC Strategy o
Based on Dis
Engineering Co
Universities. 

P. Marino, M. D
Torque Control M
Proceedings, 200

P. Vas, "Sensorle
University Press 

ngineering 

7. Con
Control (DTC
conomical tec
improvement
ted. 
y in DTC is in
ssical DTC the
que ambiguity
good idea tha
lve sectors in
be used per se
f this method 
ted to see;
orque follows

Referen
provements in Di
sa, Novembre 200
ik, “An Improve
peration for Dire
EE Trans. Ind. A

Y. Guo; W. Xu; 
of Induction Mo
crete Space V
onference, 2009

'Incecco, N. Vis
Methodologies fo
01 IEEE Porto,  
ess Vector and 
1998. 

nclusion 
C) method th
chnique in 
ts so that it

ntroduced and
ere are two sta
y. Therefore, t
at if the stator
nstead of jus
ector. 

also shows d
 the rotor 
s the referenc

nces 
rect Torque Con
00. 
ement Stator Flu
ect Torque Cont
Applicant., vol.3

Y. Wang; Z. Zha
otor Fed by Thr
Vector Modulatio
9. AUPEC 200

sciano, “A Comp
or induction Mot

Direct Torque C

hat is a very
motor drive
s advantages

d presented in
ates per sector
they are never
r flux locus is
st six, all six

desired results
speed and

e values very

ntrol of Induction

ux Estimation in
trol of Induction
38, pp. 110-116,

ao, “A Sensorless
ee-level Inverter
on”, in Power

09. Australasian

parison of Direct
tor”, Power Tech

Control". Oxford

 

y 
e 
s 

n 
r 
r 
s 
x 

s 
d 
y 

n 

n 
n 
, 

s 
r 
r 
n 

t 
h 

d 


