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Abstract- Asynchronous motors has an important and
basic role in the performance of various technological
processes and simultaneously performs many functions for
the automation of technological processes and operations.
Most of these processes can be solved only with the use of
an automated electric drive, which wuses the latest
achievements of automation, power electronics, electrical
engineering and electromechanics. In the scientific article,
it is proposed to use a frequency converter for soft start and
speed control of a three-phase asynchronous motor. At
startup, in order to limit the inrush current, it is necessary
to determine the laws of frequency and voltage changes.
For this purpose, the model of an asynchronous electric
drive on the MATLAB/Simulink/SimPowerSystems
platform was compiled. By this model it is possible to
control an asynchronous electric drive for a smooth start,
as well as for speed control. To analyze various startup
processes, models are compiled using a special SI block of
an asynchronous machine. simulates an asynchronous
electric machine in motor or generator modes. The main
purpose of the work is to create a model in the MATLAB
software package for studying the process of starting and
regulating the speed of an asynchronous motor using a
frequency converter under various laws of frequency and
voltage change.

Keywords: Frequency Control, Electric Drive, Speed
Control, Laws of Frequency and Voltage Changes, Static
Torque.

1. INTRODUCTION

Currently, frequency control of the rotational velocity
of an asynchronous electric drive is widely used, which
provides a smooth change in the rotor rotation speed in a
wide range both above and below the nominal values.
Modern frequency converters are high-tech devices with a
wide range of regulation, having an extensive set of
functions for controlling asynchronous motors. The
highest quality and reliability allow them to be used in
various industries for controlling the drives of fans, pumps,
conveyors, etc.

It is known that the rotation speed of the stator field is
determined by two parameters: the voltage frequency
applied to the winding of the stator and number of pairs of
motor poles. Accordingly, in this paper, the frequency
regulation of asynchronous electric drives with a change in
the frequency of the supply voltage is analyzed [1, 2, 3, 5].

It is possible to estimate the starting current and the
maximum electromagnetic torque of the drive, as well as
the duration of the start. Using this method, the influence
of the frequency and voltage growth rate on the above
parameters is determined, thanks to this, it is possible to
choose the optimal law of frequency and voltage change
[4].

The task of controlling an asynchronous motor can be
divided into the following parts:

1. Implementation of a smooth start of the engine;
2. Control of the engine speed with a given frequency and
a large control range.

A lot of work is devoted to the first question, where an
asynchronous motor is started using various methods and
devices [5, 6, 7, 8, 9, 10]. However, this problem is
successfully solved with the help of a soft starter device.
Many works are devoted to modeling and studying this
device [11, 12, 13, 14]. In these works, the process of
starting a three-phase asynchronous motor using the
MATLAB/Simulink application software package is
studied in detail. To solve the second question, a frequency
converter is used. In this case, vector and other torque
control of an asynchronous motor is considered.

2. STATEMENT OF PROBLEM

Purpose of the work is to develop a model for studying
the process of starting an induction motor at various
frequencies and voltages using the MATLAB/Simulink
software package.

As is known, when performing various technological
processes, it is very often necessary to change the speed of
the electric drive. Currently, it is widely implemented to
change the frequency of input voltages to change the
rotational speed of an asynchronous electric drive.
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When the speed control of an asynchronous motor is
performed with a change in frequency depending on the
nature of the static torque, the frequency and voltage
change in accordance with the law [1, 4, 6]:

ﬂ:i }_MSNl (1)
Un fln MSl

where U, fin, Msyi are nominal values of voltage,
frequency and static torque, respectively; and U, fi, Ms
are voltage, frequency and static torque, respectively.

When deriving the Equation (1), the active resistance
of the stator winding was assumed to be zero (r1=0). To
plot the torque and speed characteristics of an
asynchronous motor at various frequencies and voltages,
taking into account r;, the MATLAB/Simulink software
package is used. Moreover, the obtained characteristics
allow us to analyze only the static operating modes of the
asynchronous motor.

3. MODELING THE PROCESS OF STARTING AN
ASYNCHRONOUS ELECTRIC DRIVE

To simulate the process of starting a frequency-
controlled asynchronous motor, frequency and voltage
changes are taken into account when starting. Consider
possibility of modeling this process in the
MATLAB/Simulink software package. To obtain
sinusoidal signals the trigonometric functions “Sin” or
“Sine Wave Function” are selected from the library “Math
Operations” and the sinusoidal wave “Sine Wave” is
selected from the “Sources”. When the “Sine Wave” block
is used in the “Source Block Parameters” window for the
Time (¢) parameter, the value “Use external signal” is set
in the command line [6, 8, 11, 15]. The models shown in
Figure 1 allow us to study the obtained sinusoidal
functions with different frequency values, for example, at
/=50 Hz.

1 NAN
@ |1 L Rg—
Constant Gain Integrator Sine Wave Scope
(b) 50 1; P sin #I:I
Constant Gain Integrator1 Trigonometric ~ Scope

Function

Figure 1. Models for the study of sinusoidal signals

“Integrator” block changes the argument of the
sinusoidal function in time in Figure 1a and 1b. As a result
of Scope and Scopel, identical sinusoidal functions with a
frequency of 50 Hz are obtained (Figure 2). If it is
necessary to change the frequency of the sinusoidal
function in time from zero to a certain value, it is possible
to use the scheme shown in Figure 1a or b with the addition
of additional blocks (Figure 3). In Figure 3, the “Ramp”
block changes the set value in accordance with the linear
law. In addition, it is possible to perform a frequency
change in accordance with another law using the
corresponding blocks from the MATLAB/Simulink
library. If it is necessary to change the frequency according
to the linear law by 0.065 sec from zero to 65 Hz, the slope

parameter of the  “Ramp" block is  set:
Slope=60/0.065=923. To simulate of asynchronous
motors, existed in the list of the “SimPowerSystems”
library, depending on the work performed, the maximum
frequency value is set to /=60 Hz, in accordance with the
parameters of the motors of the “Asynchronous Machine
SI Units” block. The “Saturation” block limits the
maximum frequency (60 Hz) and therefore, in the window
of this block, Upper limit=60; Lower limit=0 is set. When
running the model (Figure 3), a sinusoidal waveform is
obtained, varying in frequency, shown in Figure 4.

If it is necessary to take into account the change in the
voltage of the power supply, in addition to the change in
frequency, the following blocks are added to the model
shown in Figure 3: "Ramp1", "Saturation1" and "Product"
(Figure 5). Here, "Ramp" performs a change in the
frequency growth rate, and "Ramp1" takes into account the
growth rate of the voltage change, "Saturation 1" limits the
maximum voltage value. The “Product " block combines
channels for changing the set parameters (frequency and
voltage).
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Figure 2. Time characteristic of the sinusoidal function
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Figure 3. Model for changing a given frequency value in accordance
with a linear law
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Figure 4. Sinusoidal waveform that varies in frequency

If there is a need to change of voltage from zero to
460 V for 0.07 sec. the parameter is set in the "Ramp1"
block:

Slope = 460 =6571
0.07

In the “Saturation1” block, the maximum voltage is set
to 460 V. The sinusoidal waveform of frequency and

voltage changes obtained from the model shown in Figure
5.
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4. MODELLING OF THREE-PHASE
POWER SUPPLY

Figure 6 shows a model of a three-phase power supply
that varies in frequency and voltage. Figure 7 shows the
time characteristics of a three-phase voltage varying in
frequency and voltage, obtained from the model shown in
Figure 6.

Consider the start-up process of an asynchronous
electric drive when the frequency and voltage change
according to certain laws. The model of this mode shown
in Figure 8. Figure 9 shows curves of the stator current /s,
Is,, Is., speed and electromagnetic torque of the
asynchronous motor at start-up in accordance with the
parameters of the “Asynchronous Machine SI Units”
block: 5 HP 460 V 60 Hz 1750 RPM. This model allows to
study the following modes of operation of an
asynchronous electric drive at start-up [7, 9, 15, 16]:

1. Frequency start of an asynchronous motor under
different laws of frequency and voltage change.

2. Smooth start of the asynchronous motor at a fixed
frequency and in various laws of change of the supply
voltage (Figure 10).

Comparison with Figure 8 and Figure 10 shows the
model in which the Ramp block performing the frequency
change is replaced by the Constant block.

As a result, the engine is started at a fixed frequency,
and the voltage change is carried out by the Ramp1 block.
This allows the asynchronous motor to start smoothly. It
should be noted that in the above modes, the influence of
static torque is an important factor. Since the static torque
on the motor shaft, according to expression (1), determines
the laws of voltage and frequency changes, it is necessary
to send a signal characterizing the static torque of the
motor to the input “Tm” of the "SI blocks of an
asynchronous machine" block.

Figure 11 shows the model of the start-up process of
the asynchronous electric drive-in various laws of
changing of static torque, for example, Mg=const or
Mg,=Asin(wt+f), where the input is switched to Ms; or Mg
using the “Manual Switch” block and changing the
parameters of the static torque, the opportunity to perform
investigation in various modes is created. Thus, the study
of the process of starting an asynchronous electric drive
with different laws of voltage, frequency and static torque
changes is possible using the compiled model [6, 7, §].
Using these models, it is possible to perform calculations
and perform smooth start - up and regulation for various
types of asynchronous motors presented in the
SimPowerSystems section of the MATLAB platform.

+*

]

sin
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Ramp1 Saturation1

Figure 5. Model of the process of changing the frequency and voltage of the power source

* T
Constant Gain1
—>
1 P{2*pi/3
Constant1 Gain2 >
1 P2*pi/3
Constant2 Gain3
1 :
S lma® > an > o[
Ramp Saturation Gain Integrator Trigonometric
Function Product Scope

/

Ramp1

[ F

Saturation1

Figure 6. Model of the process of changing frequency and voltage using a three-phase power supply
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Figure 9. Time characteristics of the starting process of the asynchronous motor
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Figure 10. Simulink model of an asynchronous drive with a fixed frequency under different laws of voltage change
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5. CONCLUSION
1. In the MATLAB/Simulink/SimPowerSystems software
package, an engine start model with a change in frequency
value was developed, which took into account changes in
frequency and voltage according to various laws.
2. A model has been developed that provides a study of the
process of starting an asynchronous drive with different
laws of voltage change at a fixed frequency. the process of
the smooth start of asynchronous electric drives with
different laws of voltage change at a constant frequency is
implemented using the proposed models (Figure 11).
3. The article presents studies of models of an
asynchronous motor with parameters 5 HP 460 V 60 Hz,
1750 RPM. The developed models make it possible to
conduct research taking into account changes in the static
torque for various motors, since the static torque on the
motor shaft determines the laws of voltage and frequency
changes. According to the obtained characteristics, it is
possible to analyze the process of starting an asynchronous
motor.

REFERENCES
[1] T. Elango, A.S. Kumar, “Voltage and Frequency
Control of Variable Speed Induction Generator using One
Cycle Control Technique”, International Journal of Power
Electronics and Drive Systems, No. 6, Issue 4, pp. 723-
729, December 2015.
[2] Z.N. Musaev, S.A. Khanakhmedova, “Starting System
Operation in the Starter-Generator”, International Journal
on Technical and Physical Problems of Engineering
(UTPE), Issue 2, Vol. 2, No. 1, pp. 79-83, March 2010.
[3] R.C. Bansal “Three-Phase Self-Excited Induction
Generators: An over View”, IEEE Transactions on Energy
Conversion, No. 20, Vol. 2, pp. 292-299, 2005.
[4] A.S. Kumar, G.K. Singh, R.P. Saini. “A self-excited
six-phase  induction  generator for  stand-alone
renewableenergy generation”, European Transactions on
Electrical Power, No 20(7), pp. 884-900, 2010.
[S5]T. Elango, A. S. Kumar, “Investigation of an Induction
Motor performance working as Generator with
Motorparameters”, International Journal of Applied
Engineering Research, No 9(22), pp. 16613-16623, 2014.
[6] Z.A. Hasanov, S.A. Khanahmedova, ‘“Power
Electronics and Drive Control”, Textbook. Pub. House of
Azerbaijan State University of Oil and Industry, p. 120,
Baku, Azerbaijan, 2019.
[7] Z.A. Hasanov, S.A. Khanahmedova, “Control of the
ACS”, Textbook. Pub. House of Azerbaijan State
University of Oil and Industry, p. 139, Baku, Azerbaijan,
2017.
[8] Z.A. Hasanov, S.A. Khanahmedova, “Control
Technique”, Methodical manual. Pub. house of Azerbaijan
State University of Oil and Industry, pp. 14-54, Baku,
Azerbaijan, 2020.
[9] S.A. Khanahmedova, S.J. Alimamedova, S.M.
Kerimova, “Mathematical Modeling of the Operation of a
Three-Phase Power Transformer at Low Voltage Quality”,
International Journal on Technical and Physical Problems
of Engineering (IJTPE), Issue 53, Vol. 14, No. 4, pp. 225-
232, December 2022.

12

[10] S.A. Khanakhmedova, Mamedov A.l. “Mathematical
analysis of the regulated dc motor of the hybrid system”,
International Journal on “Technical and Physical Problems
of Engineering” (IJTPE) Published by International
Organization of IOTPE, Issue 57, Vol.15, No 4, pp.19-24,
December 2023.

[11] G. Wu, X. Zhang, Z. Dong, “Powertrain Architectures
of Electrified Vehicles: Review, Classification and
Comparison”, J. Franklin Inst. No. 352, Vol. 2, pp. 425-
448.2015.

[12] A. Boretti. “Advances in Diesel-LNG Internal
Combustion Engines”, Department of Mechanical
Engineering, College of Engineering, Prince Mohammad
Bin Fahd University, No. 10, Vol. 14, pp. 1-28, 14
February 2020.

[13] V. Kodkin, A. Alexander, “On the Physical Nature of
Frequency Control Problems of Induction Motor Drives”,
Energies, No. 14, Vol. 14, pp. 1-15, July 2021.

[14] F. Zhang, Z. Mei, X. Rodriguez, J. Kennel, R.
“Advanced Control Strategies of Induction Machine: Field
Oriented Control, Direct Torque Control and Model
Predictive Control”, Energies, No. 11, p. 120, 2018.

[15] V.V. Alekseev, A.P. Emelyanov, A.E. Kozyaruk.
“Analysis of the Dynamic Performance of a Variable-
Frequency Induction Motor Drive Using Various Control
Structures and Algorithms”, Russ. Electr. Eng. No. 87, pp.
181-188, 2016.

[16] A. Oteafy, J.A. Chiasson, “Study of the Lyapunov
Stability of an Open-Loop Induction Machine”, IEEE
Trans. Control. Syst. Technol., Vol. 18, pp. 1469-1476,
2010.

BIOGRAPHIES

Name: Zakir

Middle Name: Alikram

Surname: Hasanov

Birthday: 15.10.1948

Birthplace: Haji-Qabul, Azerbaijan

‘ Z Bachelor: Electrical Engineering,
Department of Electrical Signal and Automation of
Industrial Installations, Energy Faculty, Azerbaijan State
University of Oil and Industry, Baku, Azerbaijan, 1966
Master: Electrical Engineering, Department of Electric
Machines, Azerbaijan State University of Oil and
Industry, Baku, Azerbaijan, 1971

Ph.D.: Technical Sciences, Department of
Electromechanics, Azerbaijan State Oil and Industry
University, Baku, Azerbaijan, 1975

The Last Scientific Position: Assist. Prof., Department of
Electromechanics, Azerbaijan State Oil and Industry
University, Baku, Azerbaijan, Since 1984

Research Interests: Control of Asynchronous Electric
Drives, Alternative Energy Sources

Scientific Publications: 85 Papers, 16 Theses, 4 Patents,
3 Awards

A\



https://www.researchgate.net/profile/Vladimir-Kodkin?_sg%5B0%5D=fM43TwgsK-O-1EjtS0k4YPpDknFnzm4XEgSVXCKWBRIWxrmQvTUng0Loz5-sOhoiXQ5zRZE.LBHlzcXJ6PR99Kzwuook6ldX5phzoMbCuTbgUe4ex_BmFdjWKmY843AGKCqRo2VVTAzNgKe-SKPfg_JiUTargQ&_sg%5B1%5D=dP515B7KGmrAlBK5poFf8Tfs4BulXPPYC-S4BNhARZV8k1YjyXrSXTN39OyinVv-PyAb2GM.SOoUkjXU63b56LdcxATkJahW8B7XBiIqkGmPIBBPY9K7J7brHDuwjxMoVdvRFFGKpzjjWdHsN-Pbvd1lbrHaZQ

International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 58, Vol. 16, No. 1, Mar. 2024

Name: Samira

Middle Name: Alkhadi

Surname: Khanahmedova

Birthday: 09.10.1967

Birthplace: Baku, Azerbaijan

Bachelor: Electrical Engineering,
Department of Electrical Signal and
Automation of Industrial Installations, Energy Faculty,
Azerbaijan State University of Oil and Industry, Baku,
Azerbaijan, 1988

Master: Electrical Engineering, Department of Electric
Machines, Azerbaijan State University of Oil and
Industry, Baku, Azerbaijan, 1990

Ph.D.: Technical Sciences, Department of
Electromechanics, Azerbaijan State Oil and Industry
University, Baku, Azerbaijan, 2014

The Last Scientific Position: Assoc. Prof., Department of
Electromechanics, Azerbaijan State Oil and Industry
University, Baku, Azerbaijan, Since 2016

Research Interests: Control of Asynchronous Electric
Drives, Alternative Energy Sources, Management of
Various Technological Processes using Programmable
Logic Controllers

Scientific Publications: 60 Papers, 14 Books, 22 Theses

Name: Sahib

Middle Name: Kamal

Surname: Gasimov

Birthday: 23.03.1965

Birthplace: Baku, Azerbaijan

Bachelor: Electrical Engineering,
Department of Electrical Signal and
Automation of Industrial Installations, Energy Faculty,
Azerbaijan State University of Oil and Industry, Baku,
Azerbaijan, 1988

Master: Electrical Engineering, Department of Electrical
Signal and Automation of Industrial Installations,
Azerbaijan State University of Oil and Industry, Baku,
Azerbaijan, 1990

Ph.D.: Student, Department of Electromechanics,
Azerbaijan State Oil and Industry University, Baku,
Azerbaijan, Since 2019

Research Interests: Control of Asynchronous Electric
Drives, Alternative Energy Sources in Eco-Agrorobot,
Movements Problems of Robots

Scientific Publications: 4 Papers

Name: Elbrus

Middle Name: Nasi

Surname: Ahmadov

Birthday: 20.06.1964

Birthplace: Shikhly Agdash, Azerbaijan
Bachelor: Electrical Engineering,
Department of FElectrical Signal and
Automation of Industrial Installations, Electromechanics
Faculty, Azerbaijan State University of Oil and Industry,
Baku, Azerbaijan, 1987

Master:  Electrical  Engineering, Department of
Electromechanics, Azerbaijan State University of Oil and
Industry, Baku, Azerbaijan, 1989

Ph.D.: Technical Sciences, Department of
Electromechanics, Azerbaijan State Oil and Industry
University, Baku, Azerbaijan, 2003

The Last Scientific Position: Assoc. Prof., Department of
Electromechanics, Azerbaijan State Oil and Industry
University, Baku, Azerbaijan, Since 2016

Research Interests: Electrophysic, Effect of Electric Fields
on Substances, Protection of High Voltage Electrical
Equipment from Overvoltage

Scientific Publications: 76 Papers, 5 Books, 10 theses, 4

Patents

Name: Gulgaz

Middle Name: Gulaga

Surname: Ismayilova

Birthday: 13.10.1977

Birthplace: Baku, Azerbaijan

Bachelor: Electric Power Engineering,
Department of Electrical Power Stations,
Energy Faculty, Azerbaijan State Oil Academy, Baku,
Azerbaijan, 1998

Master: Electric Power Engineering, Department of
“Electrical Power Stations, Energy Faculty, Azerbaijan State
Oil Academy, Baku, Azerbaijan, 2000

Ph.D.: Technical Sciences, Department of Electric Networks
and Systems, Azerbaijan State Oil and Industry University,
Baku, Azerbaijan, 2011

The Last Scientific Position: Assoc. Prof., Department of
Electric Networks and Systems, Azerbaijan State Oil and
Industry University, Baku, Azerbaijan, Since 2013
Research Interests: Electrical Protection of Underground Oil
and Gas Pipelines, Corrosion-Related Failure Analysis
Scientific Publications: 35 Papers, 9 Abstracts, 5 Books

13



