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Abstract. The development in the three-phase model direct torque control system of induction
motor has been shown in this article. Obtained and compared the results in the various modes
simulation pressure by direct inclusion in the network, using the control system model.
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MOJEJTAPOBAHUE CUCTEMBI ITPSIMOI'O YIIPABJIEHUSI MOMEHTOM C
HNCITIOJIb3OBAHUEM TPEX®A3ZHOU MATEMATHYECKOU MOJEJIN

Annomauyus. Ilpusedena paspabomka mpex@azHol Mooenu cucmemvl Npsamo20 YNpaeieHus
MOMEHMOM ACUHXPOHHO20 Oueamens. llonyuenvt u conocmasgnenvl pe3yiomamsl MOOEIUPOBAHUS
PA3IUYHBIX pedcumos pabomul A/l npu npsamom 6KirOUeHUU 8 cemb U C UCNONb308AHUEM MOOelU
cucmembvl YnpaeaeHusl.

Kntouesvie cnosa:. Tpexghasnas moolensb, acuHXpoHHbwlll O8ucamens, cucmema yYNpaeieHus,
MOMeHm, MOOenUposanue.

KBammnin B. O., kanj. TexH. HayK
Kocenko B. A., acriipant

MOJEJ/JTIOBAHHA CUCTEMH IPAMOI'O KEPYBAHHSI MOMEHTOM 3
BUKOPUCTAHHSAM TPUPAZHOI MATEMATHUYHOI MOJAEJII

Anomauia. Haseoena pozpodoxa mpugasznoi mooeni cucmemu npamoco KepysauHs MOMEHMOM
ACUHXPOHHO20 08USYHA 3 KOPOMKO3AMKHeHUM pomopom. Ompumani ma 3icmaeieHi pe3yibmamu
MOOENIOBAHHS PI3HUX PENHCUMI8 POOOMU ACUHXPOHHO20 0BUSYHA NPU NPAMOMY BKIIOUEHHI 8 MEPENCY
[ 3 GUKOPUCMAHHAM MOOE CUCTEMU KePYBAHHSL.

Knwuosi cnoea: Tpughaszna mooenv, acumxpoHHuu OBUSYH, CUCMEMA KepY8aHHs, MOMEHM,
MOOeN0B8aAHHSL.

Introduction area of development is the direct torque control

method [1, 2, 3]. Such control systems provide

AC electric motors, in particular good dynamics (in terms of limiting the

asynchronous motors (BP), are very widely used dynamic moments) and at the same time show

because of their simplicity and reliability. High good static characteristics when changing the

performance AM impose similar requirements drive speed within a wide range.

for automatic control systems of them. The aim of this work was to develop a

To control AC electric motors vector mathematical model of AC drive control system

control method are Wide|y Spread_ At the with the possibility of direct torque control for
moment the most promising direction in this asynchronous motor with short circuit rotor.
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The main objectives of the study were to
develop and direct control system of AM in
different modes of operation (starting, idling
and operation under nominal load.

The object of investigation was taken
asynchronous motor with squirrel-cage given
rotor parameters [4].

Development and research

The mathematical asynchronous motor
model is taken a two-phase version of the
simulation AM model in the rotating frame a-f3
with a focus on the vector in the rotor flux
linkage [5].

Two-phase stator voltages have been
converted into three-phase.

The final version of the AM mathematical
model, considering you can imagine all the
changes in a system equations:
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Since most commercially available AM
with the rotor short-circuit do not have any
internal sensors to build on their basis in a
various automated control systems, the
development in the control system is necessary
to focus primarily on the possible availability
engine control parameters that do not lead to
their constructive change. These parameters, in
this case, may act only current and stator
voltage and the rotor angular speed, which can
determine the available measuring instruments
(sensors current, voltage and speed). Therefore,
the development control system was based on
the ability to control these variables.

In the proposed control  system
incorporates the principle direct torque control
AM [6, 7, 8, 9] on the basis of the stator current
acceleration to idle speed, which reduces the
dynamic loads at start-up.
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control rotor speed and AM. Structural block
diagram in a digital automatic control system
model is shown in Figure 1. This structure
includes the following blocks:

- Regulator (Regulator);

- PWM generation (PWM);

- The sinusoidal signal formation (SIN);

- Three-phase motor model (Induction
Motor).

The control system includes two control
loop with negative feedback on the speed in
rotor and the stator current. As a result, it
becomes possible to separately regulate
frequency and voltage amplitude.

Changing the output voltage amplitude is
due to changes in the duty ratio (duty cycle)
square wave voltage PWM:

),

S:I:
t

where S - the pulse duty cycle, T - time clock,

t — time during which a signal, D — fill factor
(reciprocal of the duty cycle).

Frequency sinusoidal voltage generated is
changed by changing the frequency of the
modulating signal.

Figure 2 shows the output PWM signal
converter.

The control system includes a P-speed
controller and the Pl-current controller

1
K, 3),
W, () =k + (3)

where ki - the controller gain, Ti - Speed time.

As a result, depending on the dynamic
modeling the asynchronous motor have been
obtained by using the control system and direct
its start from the mains supply. [10].

Graphs speed, voltages, currents and torque
are shown in Figures 3, 4, 5, 6 respectively.

The rotor angular graph velocity can be
seen that in the regulated electric drive as
opposed to direct starting AM ensured a smooth
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Fig. 1. The structural block diagram of a digital model of the automated control system
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If lashing out nominal load there is minimal | /
static speed error, but there is a dynamic error, —_—
which is equal to about 3.5%, which is within Fig. 3. The transition process for the motor
acceptable limits and that can be achieved using shaft speed
known settings Pl - current controller for
symmetrical or modular optima. Figure 6 (1, 2) are the stator current

In the dynamic it can be seen that it wWas  iagrams when the engine power directly from
possible to limit the amount in oscillation and  e"mains (for direct inclusion in the network),
starting torque due to the smooth acceleration
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and when using the proposed power control

system for various operation modes. As seen in
M, Hwm
n T T
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Fig. 4. The transition process at the time of IM
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Fig. 5. The transient phase stator voltage A
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Figure 6 (1), the obtained values in stator
currents IM converter, were lower by about
50% - at start-up, and 14% - when idling,
respectively. When loading a rated load (Figure
6 (2)) stator currents are aligned and correspond
to their nominal value. Thus, in the case of the
proposed power control system increases the
frequency in the supply voltage that
compensates for subsidence speed which occurs
in uncontrolled embodiment. Maximum static
speed error is less than 0,5% at the maximum
value a steady rate, which corresponds to the
nominal.

The voltages oscillograms show that the
smooth acceleration and it is provided by
consistently growing tension.

Also, studies have been conducted on the
subject which provides speed control at lower
frequencies (o = 0,500) Figure 7.

Plot speed (Figure 7) shows that the designed
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control system at a lower speed provides higher
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accuracy rate stabilization.
However, the dynamic error increases
during acceleration and lashed the nominal load.
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Fig. 7. The angular speed of the rotor at a
different frequency voltage
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Conclusions

Thus, the model has been developed a
three-phase induction motor control system with
a squirrel cage.

As shown by the simulation results, the
proposed system provides adjustment control in
the motor speed for different operating modes
and at different frequencies.

Thus, at start-up provides inrush current
limiting and develop starting torque, thus
limiting the dynamic overload during
acceleration.

Idling is performed at lower values of the
stator current in comparison with the
embodiment in the engine power directly from
the mains.

The nominal load condition is provided by
droop of less than 1% error in speed to the
maximum steady speed.
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