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RESEARCH OF ELECTROMECHANICAL PROCESSES IN THE CON-
TROL SYSTEM OF A SOFT START DEVICE WITH AN ASYNCHRO-

NOUS MOTOR

Volodymyr Nerubatskyi, Denys Hordiienko™

Ukrainian State University of Railway Transport, Ukraine

Apstract
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The control system of the soft start device of an asynchronous
motor with a constant load moment is considered. The study of
electromechanical processes in the soft start device when
working with an asynchronous motor was carried out due to
simulated computer modeling in the Matlab software. The re-

sults of simulation modeling are given: oscillograms of input
currents of the soft start device, dynamics of speed change and
starting torque of an asynchronous motor. In the course of the
simulation, it was established that the operation of the soft
start device allows to reduce the starting current and starting

torque.

Introduction

The asynchronous electric drive is one of the most
widespread, which i1s due to its advantages: in-
creased efficiency value, simplicity and low cost of
the asynchronous motor design, its low weight and
dimensions (compared to a direct current motor),
the absence of a collector-brush mechanism, which
simplifies its maintenance [1].

However, the asynchronous electric drive has its
drawbacks. Thus, in the direct start mode, the
asynchronous motor has rather large indicators of
starting current and starting torque, which nega-
tively affects the power supply network and the re-
liability of the mechanical part of the load of the
asynchronous motor. A voltage drop can cause prob-
lems for other network loads, and if the voltage drop
is too large, the motor itself may not start [2].

Additional semiconductor converters, such as soft
starters, are used to reduce the starting torque and
starting current [3, 4]. The soft start device consists
of a power part (semiconductor switches — usually
thyristors or triacs), a measuring part (sensors of
currents and voltages of the power supply network)
and a control system (microprocessor part), which
implements the control of power switches.

In soft-start device, current limitation is achieved
due to the gradual increase in voltage on the wind-
ings of the electric motor. This makes it possible to
keep the parameters of the electric motor (current,
voltage, etc.) within safe limits during start-up,
which reduces the probability of overheating of the

264

windings and eliminates jerks in the mechanical
part of the drive, as well as the probability of hy-
draulic shocks in pipes and valves at the time of
start-up and stops.

A correctly selected and configured soft start de-
vice increases the durability and reliability of the
electric motor and its electric drive [5, 6].

Relevance of research

In research [7, 8] there is a study of the operation
modes of an asynchronous motor with a soft start
device. However, the disadvantage of the research
is the occurrence of large harmonic voltage distor-
tions in the power supply network and especially
at the terminals of the starting motor during
startup, and the possibility of resonance amplifi-
cation of harmonics to unacceptable levels in the
presence of a network of capacitive elements, for
example, capacitor banks.

In research [9, 10] there is a study of a soft start
device with a control system built on the principle
of a neural network. However, the shortcoming of
the research is the lack of optimization of the op-
eration of the thyristor starter according to the pa-
rameters of power losses, the lack of optimization
of the operation according to the criterion of the
output of the soft start device in the full opening
mode.

Thus, the issue of further improving the energy
efficiency of soft-start devices based on the criteria
of reducing the starting moment is an actual



unsolved task.
The main material of the study

The proposed topology of the soft start device,
also known as a thyristor regulator, is imple-
mented on power triacs and shunt contactors with
the use of a microprocessor control system. The
structural diagram of the soft start device is shown
in Fig. 1.
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Figure 1. Structural diagram of the soft start de-
vice

Control of the soft-start device is implemented
using a pulse-phase control system, which is based
on phase-by-phase detection of the transition
through zero phase voltages and phase auto-ad-
justment of the frequencies of reference saw-tooth
signals that control power triacs.

The principle of operation of the control system
of the soft start device is shown in Fig. 2.

During the start of the asynchronous motor, the
triacs opening angle changes from 150° to 0°, after
which the triacs are shunted by contactors.

The time to enter the mode of full opening of tri-
acs 1s set by the control system and significantly
affects the starting current and starting torque of
the motor.

In the Matlab / Simulink software, a simulation
model of a triac soft start device with an asynchro-
nous motor was developed (Fig. 3).

The developed model makes it possible to deter-
mine the starting angle of the opening of the power
switches and the time of exit to the fully open
mode.
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Figure 2. Control oscillograms of the soft start de-
vice of phase A: a — phase voltage; b — phase volt-
age zero crossing detector; ¢ — a reference saw-
tooth signal synchronized with the phase voltage
and a signal for controlling the opening angle of
the power switches of the soft start device; d —
triac control signal’ e — duplicating switch control
pulses for guaranteed turn-on
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Figure 8. Simulation model of the soft start de-
vice with an asynchronous motor
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A typical asynchronous motor with a capacity of
3kW with a nominal rotation frequency of
1750 rpm was chosen as the load of the soft
starter.

The subsystem of the control system of the power
switches of the three-phase soft start device imple-
ments phase auto-adjustment of the frequency
with the formation of reference control signals.

Transient processes during direct start of an
asynchronous motor with a load moment of
20 N 'm are shown in Fig. 4.
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Figure 4. Transient processes during direct start
of motor: a — phase voltage; b — starting current
of phase A; ¢ — motor starting torque

In the mode of direct starting of the motor from
a three-phase alternating current network, the
maximum amplitude value of the starting current
is 80 A, and the starting moment in the mode of
direct starting is 93 N m.

Transient processes of the soft start device at a
given acceleration time of 0.5 s with a load mo-
ment of 20 N 'm are shown in Fig. 5.

According to Fig. 5, it can be seen that the soft
start device realizes a significant reduction in the
starting current and starting torque of the asyn-
chronous motor, namely, a reduction in the start-
ing current from 80 A to 44 A, and the starting
torque from 93 N'm to 45 N 'm, which increases
the resource of the mechanical parts of the engine
and reduces the level of electromagnetic interfer-
ence affecting the electrical network.

The study of the coefficient of harmonic distor-
tion of the phase current during the start-up pro-
cess is shown in Fig. 6.
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Figure 5. Transient processes of the soft start de-
vice’ a — phase voltage; b — starting current of
phase A; ¢c — motor starting torque
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Figure 6. The coefficient of harmonic distortion of
the phase current

From Fig. 6, it can be seen that during the oper-
ation of the soft start device, the root mean square
value of the motor current increases, and the value
of the current harmonic distortion coefficient at
the initial moment of time will be the worst and
will be 53.25 % and will decrease to zero during
the start-up process, until the current shape be-
comes almost sinusoidal.

Conclusion

The control system of the soft start device is pro-
posed, which allows to implement the control of
the output of the control angle to the fully open
mode at the time set by the operator.
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A simulation model of the soft start device with
the presented control system was developed. A
study of the energy indicators of the soft start de-
vice, namely the magnitude of the starting torque,
starting current and thew coefficient of harmonic
distortion of the phase current shape during
switching on, was carried out.

It is shown that during a smooth start, the motor
current has a linearly increasing value, and the
value of the current harmonic distortion coefficient
at the initial moment of time will be the worst and
will be 53.25 % and will decrease to zero during
the start-up process.
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