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Evaluation of High Performance Direct Torque
Control Technique for Induction Motors

Seyed Mohammad Shariatmadar, Behzad Moradi, Ehsan Neptune

Abstract— direct torque control technique is one of
the excellent methods that used for torque control of
induction machines. Direct torque control with
simple control schemes, in the case of steady state
and transient condition has good torque control
among all control methods. The direct torque
control scheme is determined by the lack of PI
regulators, transformation, current regulators and
pulse width modulated signal generators. In this
paper the direct torque control technique based on
space vector modulation is presented.

Index Terms— Direct torque control, Induction
machine, Space vector PWM.

I. INTRODUCTION
Because of the most advantages of induction motors,
such as reliability, low cost, low maintenance
requirement and etc, are used in many commercial and
industrial drive applications [1]. For induction motors
drive control system is necessary.
Till now many studies has been developed on control of
induction motor. In all of the methods, direct torque
control provides powerful and fast torque responds [2,
3]. Many techniques are proposed to reduce the ripple
of torque, but they each of them have some
disadvantage. For example in [4] alternative inverter
topologies, in [5] multilevel inverter are used. In this
technique number of switches are increased thus they
are more complex. In some paper to reduce the torque
ripple, the switches frequency is increased [6], but this
method increases the switching losses.
In this paper the direct torque control technique based
on space vector modulation is presented. Direct torque
control (DTC) has transpired as an alternative to
field-oriented control (FOC) for high-performance ac
drives, since it was first proposed in the mid-1980s. The
key features of DTC compared to standard vector
control include:
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» There is no current loops
» No need to coordinate transformations
» No separate voltage pulse width modulator
> Stator flux vector and torque estimation
required.
Space vector pulse width modulation has important role
in power conversion. Some of its advantages are as
follow [7]:
» Less switching loss
» Easy implementation and less computational
calculations
In the following sections the principle of direct torque
control and after that simulation results is presented.
The simulations are implemented by
MATLAB-SIMULINK.

II. Direct torque control principle
DTC is popular technique in industry since the
responds of DTC is very fast and its control structure is
simple [8, 9]. In figure 1 the functional blocks of DTC
is presented. The values of stator flux and torque are
calculated from stator variable [10].

_

Fig.1: DTC scheme

In this technique, the estimated value of stator flux
linkage ©, and the torque T are compared with the
reference value of stator flux linkage @; and the torque
T* of the motor. If estimated values of flux and the
torque, deviates from the reference values exceeding
the tolerance value, the IGBT switches of the Variable
Frequency Drive are turned OFF or ON, in other word,
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the selection of the appropriate voltage vector is based
on a switching table. So the flux and the torque error is
form to return tolerant bands.

In DTC, the basic principle is determination of correct
voltage vector using appropriate switching vector. In
figure 1, the vector selector block provides the suitable
control voltage vector. This selection is presented in
following table.

Table 1: Switching table for inverter voltage vector

sectors 1 2 3 4 5 6
Hy | E;

1 1 V2 | V3 | V4| V5| V6| VI

0 VO | V7 | VO | V7 | VO | V7

-1 | V6| VI | V2| V3 | V4| V5

1 1 V3 | V4 | V5| V6 | V]| V2

0 V7| VO | V7| V0| V7| V0

-1 | V5| V6 | VI | V2| V3 | V4

Figure 2 shows the flux increment vector corresponds to
inverter voltage vector.

V4(010)

Vo{110)

.-\_w?_ c'lﬁ;

Ayl

» Ays Ay
Vo)« » 0T
Vo)
*Vp{000)
V(111
Vs(001) V(101)
Fig.2: Stator voltage vectors and corresponding stator flux

variation
III. Case study and simulation results
In this part the simulation results of direct torque
control of induction motor is presented. Simulation is
down by using MATLAB-SIMULINK. The
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Mathematical model of the induction machine is as
follow:

Electrical system equations:

vs = Rs is + 1/wo (dfs/dt) + wk M(pi/2) fs (1)

vr = Rr ir + 1/wo (dfr/dt) + (wk - wm) (2)
M(pi/2) fr

Where the variables i, v, and f are 2-dimensional space
vectors; for instance

Is = [ids igs] and so forth, wk is the speed of the
reference frame, wm the rotor speed, and M (pi/2)
represents a 900 space rotator namely M (pi/2) = [0 -1;
1 0].

The flux linkage current relations are:

fds = Ls ids + Lm idr 3)
fdr = Lm ids + Lr idr 4)
fqs = Ls igs + Lm iqr %)
fqr = Lm igs + Lr iqr 6)
Ls =Lm +Lsl ; Lr = Lm +Lrl )
Mechanical system equations:

Te =2H (dwm/dt ) + Bm wm + T1 ®)

Where Te = fs (cross) is = M (pi/2) fs (dot) is = fds igs -
fqgsids=fsxis=M (pi/2) fs. [s=irx fr=Lm (irx is) =
Lm/Lr (fr x is) = I/Lm’ (fr x f5s)

Figure 3-7 shows the responds of simulation. Figure 3

15

)]

[}

'
[}

i

L L L L L L
0.1 0z 0.3 0.4 0.5 0.8 0.7 09 g

Fig.3 : Stator current

Figure 4 and 5 shows the rotor flux and stator flux

respectively.
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Fig.4: Rotor flux
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Fig.5: Stator flux

The respond of rotor speed is showed in figure 6 and
figure 7 shows the torque respond of induction motor.
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Fig.6: Rotor speed
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Fig.7: Electromagnetic torque

CONCLUSION
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In this paper the direct torque control technique for
induction motors based on estimation value of stator
flux linkage and the torque is addressed direct torque
control method allows the decoupled and independent
control of torque and stator flux.. In this method,
suitable selection of vector is the most important key.
To this purpose, the flux and torque over switching
period is calculated. This method has some advantages
such as lack of PI regulators, transformation and etc. By
using direct torque control technique, the torque has
good control in steady state as well as transient
operating conditions will be achieved.
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