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Abstract. The paper analyzes the methods of starting an asynchronous motor with a phase rotor. The
control system used on the object under consideration, the mechanism of cargo movement, is obsolete.
Current problems in modern production are measures aimed at energy saving at all stages of production, as
well as ensuring the necessary dynamic indicators of control systems. In this paper, several control systems
for the mechanism of cargo movement are considered and investigated. The optimal control system for
several indicators is proposed. The Matlab Simulink package simulates various start-up methods, namely:
direct start-up from the network, rheostatic start-up of an asynchronous motor with a phase rotor, pulse
start-up of an asynchronous motor with a phase rotor, asynchronous-valve stage and asynchronous-valve
stage with pulse regulation. According to the obtained graphs, a comparison is made and conclusions are
drawn about the advantages and disadvantages of each of the start-up methods, as well as graphs of the
consumption of active and reactive energy of each of the methods and the most energy-efficient control

method is identified.

1 Introduction

At the enterprises of the metallurgical cycle, mechanisms
for moving loads with asynchronous motors with a phase
rotor remain involved . The use of such types of motors
is relevant in cases where the masses driven are
significant, in this regard, the heat generated in the
secondary circuit of the engine would cause
unacceptable heating of the rotor windings of a short-
circuited motor, as well as at high static torque values.
Complete replacement of obsolete control systems
containing resistor control systems is not always
economically feasible [1-4].

The mechanism under consideration is involved in
the metallurgical enterprise. The facility has a 6000 V
motor with a power of 315 kW. The speed of the load
movement mechanism [5-7] is regulated by changing the
resistance indicators in the rotary circuit (rheostat start-
up).
With this method of speed control, the starting torque
values reach 9900 N/m, the engine accelerates in 1.625
seconds.

Good adjustment properties are provided by the use
of the classical pulse control system [8, 9]. These
systems have a relatively low cost.

Energy saving and improvement of the engine
performance [10-13] in the control system of an
asynchronous motor with a phase rotor is achieved by
using an asynchronous valve stage, but a significant
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disadvantage of these systems is the low power factor,
low operating accuracy and high speed.

In this paper, a modified pulse control system is
proposed, which combines the positive properties of the
classical pulse control systems and the asynchronous
valve stage.

A distinctive feature of this system is the presence of
a pulse regulator in the rectified current circuit of the
rotor, presented in the form of a step-up converter and an
inverter, which, unlike an asynchronous valve stage,
operates with a constant minimum inverting angle. This
ensures a high power factor of the drive in a wide sliding
range of the asynchronous motor, and also makes it
possible to rationally select the parameters of the
equipment from the desired efficiency, depending on the
operating mode of the pulse controller.

The use of cascade circuits with pulse control allows
you to increase the power factor of the drive, expand the
control range, reduce weight and dimensions. It is
especially advisable to use pulse control in the case of
several regulated motors, while it is possible to use one
common inverter, since the motor speed is controlled by
a controlled thyristor switch in the rectified current
circuit of the rotor [14, 15].

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
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2 Methods

2.1 Pulse speed control system

The pulse speed control is based on a smooth change in
the additional resistance in the rotary circuit by changing
the relative time of the conducting state of the transistor
switch, which performs the functions of a pulse-width
converter. The model of the proposed control system in
Matlab is shown in Fig. 1. In the rotor circuit there is a
three-phase uncontrolled rectifier VD, which serves to
rectify the three-phase voltage of the rotor to a constant
voltage. In the DC link, the choke L is installed in series,
which is necessary to smooth out the ripples of the
rectified current of the rotor. Next, a power IGBT
transistor is installed and a shunt resistance R = 35 ohms
is parallel to it. This is the total resistance of the stages

during rheostatic start-up.
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Fig. 1. Model of a system with pulse speed control.

The implementation of the "Pulse-width converter"”
block is shown in Fig. 2.
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Fig. 2. Block «Pulse-width converter.

The pulse-width conversion system consists of a task
for the drive speed, in this model 100% is set, a speed
controller PI, a current setting unit that helps to keep the
set current value (200A was set) in the DC link as the
drive accelerates. After the current setting block, the
signal is sent to the relay current controller, from which
the task for the conducting state of the key, called the
duty cycle, is applied. The duty cycle forms a pulse
switching of the resistance in the rectified current circuit
of the rotor.

2.2 System with asynchronous-valve stage with
pulse regulation

A feature of the electric drive operating according to the
scheme of the asynchronous-valve stage is the presence
in the system of an asynchronous motor with a phase
rotor and a frequency converter with a DC link. This
scheme allows for contactless smooth start - up and
motor speed control, by changing the sliding value of the
motor rotor by introducing a controlled counter-EMF
value into the rotor circuit using a frequency converter.
The effect on the counter-EMF of the rotor is carried out
by changing the opening angle of the power keys of the
inverter according to a given law.

The model of the asynchronous-valve stage with
pulse speed control is shown in Fig. 3.
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Fig. 3. Model of asynchronous valve stage with pulse
regulation.

A three-phase bridge uncontrolled rectifier is
included in the AC circuit of the rotor. To smooth out the
ripples of the rectified current of the rotor, a choke L is
installed. A power IGBT transistor is connected in series
to the choke on the positive (+) and negative (-)
terminals of the rectifier, for shunting the DC link with a
certain duty cycle, as the drive accelerates. The power
transistor is controlled by pulse-width modulation based
on a relay current regulator (Fig. 4). The difference
between pulse-width modulation and pulse-width
conversion is that it is possible to form a speed task with
a linear increase using an intensity setter, which allows
you to change the acceleration time of the drive to the
nominal speed.
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Fig. 4. Pulse-width modulation unit.
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Also in this model, it is possible to track the
generated signal and the task signal.

In parallel to the power IGBT transistor, a capacitor
C is installed. To charge the capacitor, a diode is built in
series with the power switch, turned on opposite to the
capacitor, it is necessary for the capacitor to discharge in
the direction of the thyristor inverter. Between the
capacitor and the inverter, a choke L1 is connected,
which has the same purpose as the choke L. The inverter
is switched on in reverse, relative to the three-phase
unmanaged bridge rectifier installed in the rotor circuit.

The pulse-phase control system of the inverter
(Fig. 5) consists of a PI-current regulator with a voltage
warning. Based on this voltage, the angle for the
formation of pulses arriving at the thyristors in a three-
phase inverter is recalculated according to the formula of
the adjustment characteristic.
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Fig. 5. Inverter pulse-phase control system.

The current regulator uses a Low-pass filter-a
frequency filter to filter out the pulsating component of
the current (Fig. 6).
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Fig. 6. Structure of the PI current regulator.

The task for forming the opening angle of the
thyristors is fed to a discrete synchronized 6-pulse
generator, at the output of which we have pulses for
controlling a three-phase bridge thyristor inverter.

After inverting, the alternating current enters the
network.

3 Simulation results

3.1 Pulse speed control system

Fig. 7 and Fig. 8 show combined graphs of the transient
processes of torque and speed when starting the drive
without load with rheostat and pulse control methods.
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Fig. 7. The transition process of the moment.

According to the transient process of moments, we
can observe that the starting moment in the pulsed
control method is greater than in the rheostatic control,
which gives advantages in dynamics, but the moment
has a pulsating character until it approaches the critical
moment, since the rectified current of the rotor is
stabilized. It can also be seen that with the pulse control
method, the drive accelerates faster.
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Fig. 8. Speed Transition.

According to the speed graph, it can be seen that with
pulse control, the speed is formed faster and has a more
linear character than the speed with rheostatic start-up,
where the drive accelerates unevenly, which is critical
for cargo movement mechanisms.

Fig. 9 shows a combined graph of the moment
transients in the pulsed control method and in the
rheostatic control method under load. The rated motor
torque of 3167 N/m was set as the load.
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Fig. 9. The transient process of the moment in the pulsed and
rheostatic method of regulation under load.

The graph shows that the start-up under load by the
pulse method is carried out for a longer time than
without load, for 4.68 seconds, after which the drive
reaches its nominal speed. The load is applied at the
initial time. However, the graph of the rheostatic start-up
method shows that the drive did not start at all, since the
rheostatic start-up method takes place only if the drive is
already started and the load is applied to the working
motor. This leads to the conclusion that the pulse method
has greater dynamics and can accelerate under the load
applied at the initial moment of time, and a greater
starting torque than the rheostatic starting method.

3.2 System with asynchronous-valve stage with
pulse regulation

The opening angle of the thyristors (Fig. 10) was set to
0=160°, since the three-phase thyristor bridge operates in
the inverter mode.

The value of the angle decreases as the drive
accelerates, since the voltage in the DC link of the
asynchronous-valve stage with pulse regulation
decreases in proportion to the slip.
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Fig. 10. Creating a task for the opening angle of thyristors.

The transient torque process is shown in Fig. 11. The
start was made under load, where the rated torque of the
engine was used as the load.
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Fig. 11. The transient process of the moment under load.

Under load, the drive starts up in the same time as
without load. The moment under load after reaching the
rated speed has a pulsating character.

4 Discussion

Comparison of energy efficiency indicators of the
proposed speed control methods is possible on the basis
of active power data (Fig. 12) and energy consumption
indicators (Fig. 13) during the start-up period. The
results obtained in the simulation were compared with
the data obtained in the simulation of the currently
available control system on the mechanism under
consideration and with the indicators of direct start of an
asynchronous motor with a short-circuited rotor.
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Fig. 12. Active power consumption schedule P.
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Fig. 13. Schedule of energy consumption during start-up.

Based on the obtained data, it can be concluded that

the most energy-efficient method is an asynchronous-
valve stage with pulse control in the rotor circuit.

5

Based on the conducted research,

Conclusions

the following

conclusions can be drawn:

- the use of the pulse method of speed control allows

you to start the engine of the load movement mechanism
under load;

- the use of the pulse method allows you to increase

the smoothness and rate of formation of the speed
characteristic;

us

R
L.

- the proposed method of speed control, due to the
e of a combined system, is the most energy-efficient.
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