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Abstract— This paper presents a comparative 

analysis of modern methods for controlling a three-
phase induction motor with a short-circuited 
cylindrical rotor. For this purpose, researches have 
been made on: frequency control according to the 
law U/f = const, loading with static moments 
depending on the speed of rotation of the rotor and 
vector control. 
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I.   INTRODUCTION  
It is known that one of the main consumers of 

electricity in the world are electric motors. About 70% 
of the total electricity consumed by them is in the 
industrial sector, and about 30% is the share of all 
other sectors. About 96% of the operating costs of an 
electric motor are due to the electricity consumed by 
it during operation, 2.5% are the costs of its purchase 
and 1.5% are the costs of its maintenance. 

 Nowadays, about 90% of the asynchronous motors 
used have a short-circuited rotor. Their advantages 
over other electromechanical converters of electricity 
are: simple construction, good possibility of overload, 
high operational reliability, low price and others. The 
disadvantages are mainly related to the complexity of 
their management. With asynchronous motors, direct 
control of torque and magnetic flux is impossible, as 
like DC motors. 

As they are one of the main consumers of 
electricity in the world, more and more attention is 
focused on the creation and development of new 
management methods, characterized by high 
efficiency and lower electricity consumption [1, 2]. 

The methods for speed control of three-phase 
induction motors are: 

1. Parametric - the speed regulation is mainly at the 
expense of changing the amplitude of the stator 
voltage at its constant frequency. 

2. Frequencies - This control acts directly on the 
frequency and amplitude of the supply voltage. It is 
done through one of two laws: 

I law - U / f = const 
II law - U = const, f = var 
3. Vector: 
-Control on the vector of the main magnetic flux; 
-Control of the rotor flux vector; 
-Control of the stator flux vector; 
4. By orientation of the magnetic field - when using 

spatial-vector modulation. 

II. RESEARCH OF A MODEL OF A THREE-PHASE  
                    INDUCTION MOTOR 

Figure 1 show a block diagram of a model of a 
three-phase asynchronous motor, realized by 
Simulink of MATLAB [2, 3, 4]. 

 
 
Fig. 1. Block diagram of a model of a three-phase 
asynchronous motor. 
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% 100% 90% 80% 70% 60% 
U, V 311 278 247 222 200 
Is, A 5.38 5.49 5.59 5.51 5.51 

ω, rad
-1

 314 282.6 251.2 219.8 188.4 

f, Hz 50 45 40 35 30 
M, N.m 10.16 10.16 10.15 10.13 10.13 
Mc, N.m 10.03 10.03 10.03 10.03 10.03 

n, min
-1

 1408 1350 1117 935 636 
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The researches of the synthesized model were 
performed with the parameters of a real engine 
presented in Table 1. 

TABLE I.   
 

To simulate the induction motor it is necessary to 
calculate the parameters involved in the model. 

Fig. 2. Transient process of the electromagnetic 

moment. 

Fig. 3. Engine speed transient. 

The peak value at the beginning of the simulation 
reflects the starting value of this quantity. After the 
completion of the transients, this value is set to a 
nominal value. The research found that the obtained 
values of torque and speed are as follows: M = 10.20 
N.m, n = 1405 min-1. 

 

III. RESEARCH WITH THE SYNTHESIZED MODEL OF THE 
INDUCTION MOTOR IN FREQUENCY CONTROL ACCORDING TO 
THE LAW U / F = CONST 

The voltages and their frequencies are set to 100% 
of their nominal values. After each new research, they 
are reduced by 10%. The results of the initial values 
are noted in tabular form and are presented in the 
form of graphs. 

TABLE  II. 

The graphical dependences of the torque, stator 
current and motor speed as a function of voltage and 
frequency are shown in the following figures: 

Fig. 4. Graphic dependence M=f(U/f). 

The graphs show that with the proportional 
reduction of the voltage and the frequency of the 
supply voltage, the motor speed decreases and the 
torque remains constant. 
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Мs[N.m] 0 0 0 0 

f[Hz] 12 25 50 60 

I [A] 0.29 0.48 0.50 0.33 

U [V] 164 168 172 176 

n [min
-1

] 374 759 1 410 1 806 
 

 

 

f[Hz] 12 25 50 60 

0.0N.m 374 759 1 410 1 806 

2.6N.m 384 772 1 524 1 826 

5.0N.m 395 780 1 538 1 756 

6.8N.m 396 784 1 548 1 736 
 

 

 

Fig. 5. Graphic dependence Is=f(U/f). 

 
 
 

Fig. 6. Graphic dependence n=f(U/f). 

IV. RESEARCH OF THE MECHANICAL CHARACTERISTICS OF 
THE SYNTHESIZED MODEL OF AN INDUCTION MOTOR. 

The difference from the previous frequency 
research here is that a variable load is set and for each 
voltage and frequency ratio the mechanical control 
characteristics are removed. 

 
Fig. 7. Graphic dependence n = f(M)  at different 

percentages of U/f=const. 

V. EXPERIMENTAL RESEARCH OF MOTOR TYPE AO-901-
4 AT FREQUENCY CONTROL WITH CAPACITY 1.5KW; 
FREQUENCY CONVERTER "ALTIVAR" -ATV-12U15M2 OF 
THE COMPANY "TELEMECANIQUE" POWERED BY 220V SINGLE-
PHASE VOLTAGE. 

 

 
 

Fig. 8. Photo of the realized scheme. 
The characteristics of the research were removed 

(current consumption, voltage, speed) at different 
frequencies (12Hz, 25Hz, 50Hz and 60Hz) at idle and 
under load. 

The idle values are shown in Table 3. 

 TABLE  III 

 

 
 

 

 

Table 4 shows the values of the characteristics of 
the revolutions as a function of Ms at network 
frequencies 12Hz, 25Hz, 50Hz and 60Hz. 

TABLE  IV 
 

 

 

 

 

Figure 9 presents the graphical dependences of the 
revolutions as a function of Ms at network frequencies 
12Hz, 25Hz, 50Hz and 60Hz. 

The motor current at the same load values and 
different values of the supply voltage frequency plays 
in very narrow limits. 
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Fig. 9. Graphic dependence n= f(Мs). 
 

VI. RESEARCH OF THE MODEL OF A THREE-PHASE 
ASYNCHRONOUS MOTOR BY VECTOR CONTROL, REALIZED IN 
SIMULINK OF MATLAB 

When designing a vector control system, new units 
such as a pulse generator, a three-phase inverter unit 
and a vector control unit have been added to the 
three-phase induction motor model. 

One of the most important advantages of vector 
control systems for asynchronous three-phase motors 
is the separate control of torque (speed) and 
magnetic flux. This is done by two separate PI 
regulators, which compensate for the difference 
between the actual and set values of magnetic flux 
and speed  [5, 6, 7]. 

Fig. 10. Scheme of vector control of an induction 
motor. 

The purpose of this research is to establish the 
dynamics of management of the designed system, as 
well as the times for the transients. To achieve this, 
the motor model is loaded with different static 
torques and a different rotor speed is set. As a result, 
stator current, voltage and set and actual rotor speed 
are tested. 

At the beginning of the research, an angular 
velocity ωr = 147,7rad−1   is set, which after the 
fourth second changes to ωr = 30rad−1  . A static 
moment (load) Мs=0,1N.m is set , which after the 
second second changes to Мs = 10 N.m. The results 
for voltage and current are presented in Figure 11.  

Fig.11. Graph of phase voltage and current. 

 

Fig.12. Graphical dependence of the set and actual 
rotor speed at different loads. 

The induction motor settles much faster and the 
transients run more smoothly due to the vector 
control system.  

The results obtained from the research show that 
at a small static moment the input voltages have a 
larger amplitude, and at an increase in the load the 
amplitude is smaller. 
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CONCLUSIONS 
1. In a comparative analysis of the results obtained 

from Fig.5 and Fig.11 it is found that in the frequency 
control of the induction motor model the stator 
current consumed is about 5.5A, and in the vector 
control is about 4A. 

2. The use of vector control in the control of 
induction motors leads not only to increase the 
quality of control, but also to save a significant 
amount of electricity, which is of great importance in 
modern economic conditions. 
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