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Abstract. The work is devoted to the study of the possibilities of using the predictive torque control system
instead of the currently widely used direct torque control system. Aspects of using the system of direct torque
control of an induction motor are considered and it is found that its significant disadvantage is the variable
frequency of semiconductor switches. As a further development of the direct torque control system, a
predictive torque control system is analyzed, which contains blocks for estimating unmeasured state variables,
as well as predicting the state of a dynamic system when applying possible control signals. The systems were
compared by mathematical modeling in Matlab / Simulink.

1 Introduction
Recently, the vector control system and the direct torque
control system have proved to be the main control systems
for AC electric drives [1, 2]. The advantages of the latter
include the ability to work without an angular velocity
sensor on the shaft, simple structure and high dynamic
quality control. At the same time, the main disadvantages
of this system are the high level of torque ripple, which
becomes especially sensitive when working at low
angular velocity, as well as the presence of a variable
switching frequency of power switches. A number of
researchers' works in the field of automated electric drive
are devoted to solving these problems. In [3], a
modification of the direct torque control system was
proposed, which is aimed at achieving a low level of
torque ripples and ensuring a constant switching
frequency of the power switches. In [4] the system of
direct torque control with the involvement of neuro-phase
technologies to achieve a low level of distortions of the
motor current and its pulsations is investigated. In [5], a
sliding mode system was used to implement sensorless
control at very low angular velocities. In [6], the direct
torque control system was supplemented by space-vector
pulse-width modulation to obtain a constant switching
frequency of the inverter switches. At the same time, it is
easy to see that the further development of such systems
requires more precision in controlling the values of stator
flux coupling and torque. Therefore, currently predictive
control systems for converters and electric drives are
being actively developed [7].
Among such systems, the system of predictive torque
control deserves special attention, which can be
considered as an alternative to the system of direct torque
control for electric drives with induction motors. To use
such a system, it is necessary to use discrete models of the
power converter and induction motor, and the values of
stator flux and torque are considered as control variables
*

of the system. The use of the mentioned discrete models
allows to estimate and predict the values of stator flux
linkage and torque, and further on the basis of these
predictions the cost function is calculated, which allows
to select the optimal control effect for the next discrete
interval of the system. The synthesis of the cost function
is carried out using weight coefficients that allow you to
combine different sizes with each other and set priorities
regarding their importance to achieve the desired control
goal. Therefore, the quality of control of such systems
depends very much on the choice of weight coefficients.
Despite the fact that a number of publications have been
devoted to the choice of weight coefficients [8, 9], this
problem still remains relevant, as this step is important at
the stage of synthesis of the electric drive control system.

2 Direct torque control system
The structure of the electric drive using the direct torque
control system is shown in Fig. 1. In such a system, the
induction motor is powered by a voltage-fed inverter. The
task of the system is to provide the ability to
independently control the values of the stator flux and
motor torque by selecting the appropriate states of the
inverter. As you know, a voltage-fed inverter is able to
create 6 non-zero space voltage vectors, shifted by 60
degrees, as well as 2 zero voltage vectors. The system uses
relay hysteresis torque and flux regulators, which allows
to provide high dynamic control of the electric drive
system, and expanding the width of the hysteresis allows
to reduce the switching frequency of the inverter switches
and, consequently, the power of losses in it.
The principle of direct torque control can be explained
by considering the mathematical expression for the
electromagnetic torque in the following notation:
=

|

|∙|
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Fig. 1. Structure of direct torque control system.

torque and stator flux linkage. The selection of the
appropriate voltage vector and the state of the inverter
switches is carried out using the table of optimal
switching, which is presented in Table. 1.

where
– the number of pole pairs;
and
–
inductance of the stator and rotor windings of the motor,
respectively;
– mutual inductance of stator and rotor
windings;
– flux linkage vector of the motor’s stator
windings;
– flux linkage vector of the motor’s rotor
winding; – angle between the flux linkage vectors of the
stator and rotor.
It is believed that the stator flux vector reacts less
inertially to the voltage applied to the motor windings,
because the rotor time constant is significant. For
simplicity, it is assumed that at one discrete interval of the
system, the vector of flux linkage of the rotor is stationary.
Therefore, the rotation of the stator flux vector in the
direction of rotation leads to an increase in the value of
the angle θ and increases the amount of torque. If the
space voltage vector applied by the inverter causes the
flux vector to rotate in the direction of convergence with
the rotor flux vector, which will reduce the angle θ, the
torque generated by the motor will decrease. Since the
stator flux linkage, when the value of the active resistance
of the motor stator windings is small, can be found by
integrating the voltage applied to the motor, the selection
of the appropriate inverter voltage vector also allows to
control the stator flux value. Thus, the use of a direct
torque control system allows independent control of

Table 1. Switching table of direct torque control system of
induction motor drive.
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3 Predictive torque control system
Predictive control systems for converters and electric
drives are currently being actively developed. The
principle of predictive control is to predict further changes
in system state variables using a mathematical model of
the system. In the next step, a certain optimization
principle is used to compare possible options for changing
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the state of the system with each other in order to identify
the most profitable in terms of achieving the ultimate goal
of control. It is necessary to use a discrete model of the
control object, which will allow you to predict changes in
the state variable values.
The equations of electrical equilibrium of the stator
circuits of the motor in a stationary frame of reference αβ
have the following form:
=

−

;

(2)

=

−

,

(3)

where
– the active resistance of the motor rotor
winding, ω – the angular velocity of rotation of the rotor.
Using the Euler method, the prediction of the stator
current can be performed in accordance with the
following dependencies:
[ + 1] = 1 −

+
+

where
,
– projections of the stator voltage vector
on the axis of the stationary coordinate system αβ; ,
– projections of the stator current vector on the axis of the
stationary coordinate system αβ;
– active resistance of
the motor stator winding;
,
– projections of the
stator flux vector on the axis of the stationary coordinate
system αβ.
Convert equations (2) and (3) into a discrete form
using Euler's method:
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where is the number of pole pairs.
The cost function is composed using the deviations of
the torque value from the specified value and the
deviation of the modulus of the flux linkage vector from
the corresponding rated level:
∗|

= | [ + 1] −
+

[ + 1] +

[ + 1] − |

+
|∗ .

(17)

where
– a weighting factor that reflects the relative
importance of flux control in relation to torque control. As
the initial setting of this parameter it is advisable to use
the following value:

where

−

[ ]+

∙

)

[ ]+

Prediction of the value of the electromagnetic torque
can be obtained using the predicted values of the stator
flux and stator current:
[ + 1] =
×

,

(18)

– the value of the rated torque of the motor;
– rated value of stator flux linkage.
The structure of the system of predictive torque
control of an induction motor is presented in Fig. 2. By
analogy with the previous system, the torque reference
signal is formed by the PI controller, and the magnitude
of the stator flux linkage when operating at a speed lower
than the rated, usually set at the nominal level and

The dynamics of change of the components of the flux
coupling vector of the rotor can be described by the
following dependences:
+

)

+
−

(
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)

+
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−

where ,
– projections of the rotor current vector on
the axis of the stationary coordinate system αβ.
Since the rotor current is not a measurable value for
motors with a short-circuited rotor, we get rid of its use
through the combined use of equations (6) - (9):
=

∙

)

[ ];

[ + 1] = 1 −

where ∆ is the discrete time of the system.
The obtained equation allows to calculate the flux
[ + 1], which refers to the
linkage of the stator
discrete step + 1, based on the value of the flux linkage
[ ], which refers to the previous discrete
of the stator
step .
The components of the flux vectors of the stator and
rotor can be recorded through the appropriate inductances
and currents:
+

(

+
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attenuated when switching to higher nominal. Based on
the measured values of motor current and voltage, the
values of the torque and flux linkage of the stator are
estimated, because the direct measurement of these values
is difficult to implement. Based on the obtained equations,
the values of motor torque and stator flux coupling are
predicted by applying each of the eight possible voltage

vectors generated by the voltage inverter. In accordance
with equation (17) get eight values of the objective
function, from which the minimum value is selected and
in the next interval of discreteness of the system, the
inverter applies to the motor a vector with a number
corresponding to the obtained minimum value of the
objective function.

Voltage-fed inverter
VD1
VT1

VD3

VD2
VT2

VT3

Induction
motor

Udc

VD6

VD5

VD4

VT6

VT5

VT4

Speed
sensor

Predictive torque control system
S1-S6
Speed
controller
ωr *

isa

Te*

isb

isc

abc→αβ
ωr

(-)

Torque
and flux
prediction

*

|ψs|

isα

Cost function
Te[n+1] minimization

Torque and
flux
estimation

ψs[n+1]
Te[n]

isβ

ψs[n]

Fig. 2. Structure of predictive torque control system.
Table 2. Switching table of direct torque control system of
induction motor drive.

4 Simulation results
A mathematical model in the Matlab / Simulink
environment was developed to analyze the predictive
torque control system of an induction motor. The
parameters of the engine used in the simulation are given
in Table 2.
Fig. 3 shows a comparison of motor torques when
using direct torque control and predictive torque control
in steady state operation. The graphs show that the use of
predictive control reduces the level of torque ripple.

Parameter name
Rated power
Number of pole pairs,
Active resistance of the stator winding,
Active resistance of the rotor winding,
Leakage inductance of the stator winding,
Leakage inductance of the rotor winding,
Mutual inductance of stator and rotor windings,

4

Parameter
value
75 kW
2
0.035 Ohm
0.021 Ohm
330 mH
330 mH
0.015 H
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Fig. 4 shows the shape of the currents flowing through
the stator windings. They show that the use of predictive
control reduces the distortion of the current shape,
increasing the energy efficiency of electromechanical
equipment.

Fig. 5 shows the response of the system to changes in
load torque. The graphs show that the predictive control
system has a higher speed.

Te, N·m

t, s

Fig. 3. Motor torque in steady-state with direct torque control system (top) and predictive torque control system (bottom).
i, A

t, s

Fig. 4. Motor current in steady-state with direct torque control system (1) and predictive torque control system (2).

5

https://doi.org/10.1051/e3sconf/202128005006

E3S Web of Conferences 280, 05006 (2021)
ICSF 2021
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Fig. 5. Motor torque when load torque changes with direct torque control system (top) and predictive torque control system (bottom).

Conclusions
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