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Abstract

The induction motors are known as the workhordemaustry because of its simple construction and
robustness. Traditionally, the induction motor bagn used in constant and variable speed drivecafiphs that
do not cater for fast dynamic processes. Becauseceht development of several new control techgiefy such as
vector control, sensor less control and directuergontrol (DTC), the situation is changing rapidlihe Direct
Torque Control (DTC) technique has the feature mdcize and quick torque response and reductionhef t
complexity of field oriented control (FOC) algoritis. In DTC, the generation of inverter switchingtstis made to
restrict the stator flux and electromagnetic torquers with in the respective flux and torque byssis bands so as
to obtain the fastest torque response and higlfftsieacy at every instant. In this paper, a de@dimathematical
modeling of induction motor is proposed and theooaventional direct torque control method is impdeted
where the torque and flux of an induction motor ¢endirectly and independently controlled withouty aco-

ordinate transformation using MATLAB simulation.

Keywords: Induction motor, direct torque control, MATLAB,otal harmonic distortion, voltage vector,
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I ntroduction
Rotational industrial loads require operation at an

one of a wide range of operating speeds. Such laagls
generally termed as variable speed drives or ablest
speed drives. The variable speed drive systemslaoean
integral part of automation. There are three bagies of
variable speed drive systems: electrical drivegjréwlic
drives and finally mechanical drives [1]. AC mat@xhibit
highly coupled, nonlinear and multi variable stures as
opposed to much simpler decoupled structures airatgly
excited DC motors. The AC motors have a number of
advantages: light weight, inexpensive and have low
maintenance compared with DC motors. They require
control of frequency, voltage and current for valéaspeed
applications. However, the advantages of AC drives
outweigh the disadvantages. AC drives are replaéd
drives and are used in many domestic and industrial
applications [2]. This motor is by far the most alig used
motor in the industry. Traditionally, it has beesed in
constant and variable speed drive applications dieahot
cater for fast dynamic processes.
development of several new control technologiesh sas
vector control, sensorless control and direct tergantrol
(DTC), the situation is changing rapidly [3]-[4]n Iscalar
control, the torque pulsations are present at Ipeeds
owing to presence of fifth, seventh and eleventth laigher
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harmonics, Because of the presence of low frequency
harmonics, the motor losses are increased at akdsp
causing the derating of the motor and the harmoaitent
increase at low speeds, increasing the lossesinthease

in the (v/f) ratio at low speeds to compensatetlier stator
resistance drop may cause a higher motor curreftbwoat
light loads due to saturation [5]. These two eH8entay
cause overheating of the machine at low speeds.nidie
drawbacks of vector control method are the motor is
modeled in rotating reference frame, which is more
sensitive to motor parameters, the torque is iatlye
controlled and the inclusion of PWM modulator, whic
processes the voltage and frequency outputs of¢lséor
control stage, creates a signal delay between rbet i
reference and the resulting stator voltage vectodyrced
[6]. To overcome these disadvantages the Direcjler
Control (DTC) principle was developed by Takahazshd
Noguchi for low and medium power applications ir8Q%

[7]. The Direct Torque Control (DTC) uses an indmct

Because of recentmotor model to predict the voltage required to ackia

desired output torque [8]. By using only curremtda
voltage measurements, it is possible to estimate th
instantaneous stator flux and output torque. In EReC
approach, the reference torque and reference fiex a
compared to the estimated motor torque and thenatd
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stator flux respectively, both employing hysteresis
controllers [9]. The torque and flux hysteresis tcolter
output logic signals are evaluated in an optimaitcwng
logic table to generate the inverter switching devgate
signals [10]. In this paper, the Direct Torque Coht
method is implemented for induction motor drive to
overcome the disadvantage of other control stragegihe
simulation results obtained from Matlab/Simulinke ar
presented.

Mathematical M odeling of Induction Motor
Before going to analyze the any motor or generator

it is very much important to obtain the machingdmms of
equivalent mathematical equations. Traditional pbase
equivalent circuit has been widely used in steathtes
analysis and design of induction motor, but it ist n
appreciated to predict the dynamic performance haf t
motor. The dynamic model of the induction motor is
derived by using a two-phase motor in direct anadgature
axes. This approach is desirable because of theeptual
simplicity obtained with two sets of windings, ona the
stator and the other in the rotor. The equivaldnegveen
the three phase and two phase machine models iieeder
from simple observation, and this approach is bigtdor
extending it to model an n-phase machine by medres o
two phase machine. The concept of power invariasce
introduced; the power must be equal in the thressph
machine and its equivalent two-phase model. Theired
transformation in voltages, currents, or flux ligka is
derived in a generalized way. To study the dynamic
performance of the machine model, a motor modebeas
developed in a stationary reference frame by using
equations (1)-(3).
dA 4

dt
dA
e T Rele * =5 e
dA,

dt
da,

at

The stator and rotor flux linkages in the statdiemence
frame are defined as,

Vi =

s Rslds +

<
|

erdr +wr/]qr +

0= Rriqr _erdr +

A = Ll + Loy,
Ag = Lgig + Lig @
Ay = Liig + Ll
Ag = Liig + Lig

The electromagnetic torque of the induction motostiator
reference frame is given by
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T = %[%j(Adsiqs ~Aiie)  ©

By using the above equations the induction motodehds
developed in stator reference frame. The simulatdn
induction motor has been carried out in the Matlab-
Simulink environment under the no-load condition.

Principle of Conventional Direct Torque Control
The electromagnetic torque of a three-phase

induction motor can be written as
3P L
T, ==-—-—"m_ sin o 4
¢ 220d.L, rlbs) @

where O is the angle between the stator flux linkage space
vector (/) and rotor flux linkage space vect(ﬂ/_g ), as
shown in Fig. ando is the leakage coefficient given by

2
L
o=1-|-—1™T
Ler
Movement with active
A forward vector
ds

Stops with zero
vectors

Movement with active
backward vector

Ys

Yr Rotates continuously

Fig.1 s movement relativeto (/- under influence of

voltage vectors
The expression given in (4) is valid for both the

steady state and transient state conditions. ladgtstate,
both the stator flux and rotor flux move with thanse
angular velocity. The rotor flux lags the statouxfl by
torque angle. But, during transient condition, &hes/o
vectors do not have the same velocity. From (15 dlear
that the motor torque can be altered by varyingrtter or
stator flux linkage vectors. The magnitude of tteta flux
is normally kept constant. By considering the thpbese,
two-level, six pulse voltage source inverter (V3iere are
siXx non-zero active voltage space vectors and tem z
voltage space vectors as shown in Fig.2. The siweac
voltage space vectors can be represented as,

\7k:§vdcexp[j(k—1)%] k=12..6 (5
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Fig. 2 Inverter voltage space vectors
Depending on the position of stator flux linkageasp
vector, it is possible to switch the appropriateltage
vectors to control both stator flux and torque.

Common Mode Voltages

For the most common two-level voltage source

inverter there are three switching variables a; bne per
phase of the inverter. Fig 3 shows a voltage soumeerter
(VSI) connected to a motor.
induction motor will be connected to the pole otmf the
inverter legs, and thereby, either to the positieebus or
the negative dc bus.

Pwm Inverter

—_ 1|\‘:1|L )|(} " |&} Three Phase Induction motor

Motor frame

Fig.3 Voltage source inverter connected to inductimtor
There are eight output voltage vectors in which aig
active voltage vectors and remaining two vectoes zaro

http: // www.ijesrt.com

Every terminal of the

ISSN: 2277-9655
Impact Factor: 1.852

voltage vectors with totally eight possible switadpistates
of the inverter. The CMV is the potential of thargpoint of
the load with respect to the Centre of the dc Huke VSI.

The CMV generated by a star connected three phesgie

machine is given by

Vcom - (Vao +Vb0 +Vco) (6)
3
WhereV,, ,V,, andV_ are the phase voltages.

Direct Torque Controlled Based Induction Motor
Drive

The Fig.4 shows the block diagram of conventional

direct torque controlled induction motor drive. Téeare
two hysteresis control loops, one for the contriotasque
and other for the control of stator flux. The flogntroller

controls the machine operating flux to maintain the

magnitude of the operating flux at the rated vdillethe
rated speed. Torque control loop maintains theumrjose

to the torque demand. Based on the outputs of these

controllers and the instantaneous position of stditax
vector, a proper voltage space vector is sele@®aded on
the outputs of hysteresis controllers and positidnthe
stator flux vector, the optimum switching table Iwide
constructed. This gives the optimum selection oé th
switching voltage space vectors for all the possiftiator
flux linkage space vector positions.

—(lq

_'

Optimal
Switching 4
Table I

Vs, Vi
Calculation

Reference i

Adaptive

Motor Model —-

conventional DTC

Fig.4 Block diagram of

In conventional DTC (CDTC), the stator flux
linkage and torque errors are restricted withinirthe

respective hysteresis bands, which a2\, and
2ATe wide respectively. If a stator flux increase is
require then Sw =1, if a stator flux decrease is

required thenS,, = 0. The digitized output signals of
the two level flux hysteresis controller are defirses,
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f P, <@, —DY, then S, =1

If P, 2, + Ay, thenS, =0
If a torque increase is required th&h. =1, if a torque
decrease is require théd,, = —1, and if no change in

the torque is required theib, = 0. The digitized

output signals of the three level torque hysteresis
controller for the anticlockwise rotation or forwar
rotation can be defined as,

if T, =T, = AT, thenS, =1
if T, 2T, thenS, =0
And for clockwise rotation or backward rotation
if T, =T, < -AT, thenS, = -1
if T, <T, thenS, =0
Depending upon theSw, S, and the position of the

stator flux linkage space vector, the suitable chitg
voltage vector is determined from the lookup table

Simulation Results and Discussion

To validate the conventional direct torque
controlled induction motor drive, a numerical siatidn
has been carried out by using Matlab/Simulink. The
simulation parameters and specifications of indurcti
motor 220 Volts, Delta connected, 1.5 KW, 3-Phase,
pole, 1200 rpm, 50 HR:7.83X2, R-7.55Q, L~ 0.4535
H, L<0.4751H, L,-0.4751H, J=0.06 Kg.fm For the
simulation, the reference flux is taken as 1wb and
starting torque is limited to 15 N-m. Various cdiatis
such as starting, steady state, step change in $padd
reversal are simulated and the results for conerati
direct torque controlled induction motor drive afe@wn
in from Fig.5 to Fig.8. From the results it can be
observed that, the CDTC gives high ripples in terqu
current and stator flux during steady state. Thevewa
form of the harmonic distortion of the common mode
voltage along with the total harmonic distortionH{)
value is shown in Fig.9 and Fig.10. From the resaft
common mode emission of conventional DTC it can be
observed that the common mode voltage is very high.
The locus of the stator flux at given speed is ghamv
Fig 11, from which it can be observed that the o
almost is a circle of constant radius. The harmonic
spectra of line current for conventional DTC based
induction motor drive is shown in Fig.12 is alsdueed.
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Fig.5 starting transientsin conventional DT C based
induction motor drive
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Fig.6 steady state plotsfor conventional DTC based
induction motor drive
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Fig.9 common mode voltage of conventional DTC based
induction motor drive
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Fig.7 transientsin speed, current, torque and flux during :g‘ b 1

step changein load tor que (a load torque of 10 N-mis % sl |
applied at 0.75s and removed at 0.85s) for conventional €

DTC based induction motor drive = asl. |
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Fig.8 transientsin speed, current, torque and flux during 151 c K G 0 G 1 15
speed reversal (the speed isreversed from +1200 rpm to - ' d-axis stator flux (WE) '
1200 rpm) Fig.11 trajectory of stator flux for conventional DTC based

induction motor drive
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Fig.12 harmonic spectra of line current for conventional
DTC based induction motor drive

Conclusion

In this paper, the dynamic behavior of the
induction motor under both transient and steadyesta
conditions, an accurate mathematical model of the
induction motor has been developed in the stationar
reference frame. The stationary reference fransaniple
in compared to the synchronously rotating reference
frame and is used in direct torque controlled iriduc
motor drives. As the name suggests, DTC contrads th
motor torque and flux directly. The DTC is simplada
gives fast dynamic response. In spite of its siaiyij it
gives additional steady state ripple in torquex fand
current. From the simulation results the same can b
concluded.
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