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Introduction 

 
Contemporary computer hardware and software 

technology enables to simulate any regime of work of 
induction motor and to obtain its characteristics. Therefore 
science articles are recently being published, examining 
regimes of work of induction motor and drives, and 
transient processes, using the special models substantiated 
by digital methods and iterative calculations. 

Article [1] examines physical processes of the salient 
pole electrical machines of alternating current, taking into 
account the discrete arrangement of windings, and also the 
primary and secondary asymmetry of such machines. It is 
shown that in such machines the higher harmonics of new 
frequencies are generated, since the parameters of  
inductive machines change during time. Therefore 
machines in the mathematical model occurs elementary 
component both with the positive and with the negative 
frequencies. The author asserts that in this case the sign of 
frequency shows the harmonics of magnetomotive force, 
which creates the current of rectilinear and reverse priority, 
direction the rotation. 

Problems of control of the frequency of three-phase 
induction motors are examined in article [2]. The obtained 
diagrams show that, having correctly selected the structure 
of system control, it is possible to obtain the transient 
processes of drive which are close to being optimum. 

The starting procedure of induction motor, with 
estimation of change of inductive reactances of equivalent 
circuit, is examined in article [3]. Software bundle of the 
company ANSYS is used for simulation of magnetic field 
and transient launch procedures of engine.  

Conditions of work and feed circuit effect on 
characteristics of the functioning of induction motors in 
deep bore holes are examined in article [4]. Calculation 
algorithm and computer software is comprised by taking 
into account the change in the parameters of temperature of 
bore hole, pressure and feed cable. In scientific works [5,6] 
the electromagnetic processes of inverter and vector 
control of induction motors in the real time are examined, 
using the software bundle Matlab/Simulink.  

The purpose of this work is to construct a computer 
model of the starting processes of induction motor and to 
present the results of a study. 

Basic equations and their transformation 
 
For the computer simulation we select the system 

connected with the fixed stator ,  , 0α β . In this case the 
differential vector equations of induction motor are as 
follows: 
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where su , si – vector of voltage and current of stator; ru , 
ir – vector of voltage and current of rotor; sR , rR – active 
stator winding resistance and rotor winding resistance 
respectively; sL , rL – inductance of the windings of stator 
– rotor unit; M – mutual  inductance of windings; ω - rotor 
angular velocity; elM – motor electromagnetic torque; p – 

pole – pairs of motor; 1j = − . 
It should be noted that the system (1) contains 

complex coefficients, which have to be eliminated before 
simulations. The best way to do it is to find the projections 
of all vectors on the axes of engine α and β , for example:        

s s su juα β= +u etc. By splitting all vectors in the 
equation system, this system is changed so: 
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Equations of simulation system (2) are being modeled 
with the fundamental equation of the drive: 

 

                        red el rez
dJ M M
dt
ω
= −Σ ;                          (3) 

 
where redJ –  the reduced moment of the inertia of rotor; 

rezMΣ –  the sum of the acting moments of resistances in 
the drive.  

Equations (2) and (3) enable all delivery functions, 
which are necessary for creating the computer model. But 
first, all equations are written in the operator form: 
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where ds
dt

=   –  the operator Laplace.  

Dependence between input and output variables of 
stator chain is as follows: 
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Delivery function describing rotor circuit has more 
input variables. Output variables are components of the 
rotor current:  
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Equations (5) and (6) indicate that in order to compose 

the block diagram of the motor model, basic delivery 
functions are aperiodic inertia chains.  

 
Structure of the model of  starting processes                                        

 
The computer model of the starting procedures of 

motor and its block diagram are constructed by applying 
system of equations (4) – (6). Software bundle 
Matlab/Simulink is used for this purpose. The block 
diagram of the model of the cage rotor is shown in Fig. 1.  

In Simulink environment, after connecting separate 
models into one, we obtain the computer model of the 
process of motor starting, the overall structure diagram of 
which is shown in Fig. 2. This model of induction motor 
which is suitable for investigating the transient processes 
of the stator and rotor currents, speed and electromagnetic 
torque. After a simple modification of block diagram we 
can simulate magnetic fluxes. 

For the simulation of starting procedures into the 
programs compulsorily are assigned the parameters of 
circuit of the substitution of concrete motor, the method of 
solving the equations, accuracy, step of integration and etc. 

                            
 
Fig. 1.  Block diagram of the model of squirrel–cage rotor of induction motor 
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Fig. 2.  Structure diagram of the model of starting processes of induction motor 
 
Results of simulation  

 
For investigating the starting procedures were 

introduced such parameters of equivalent circuit of 
induction motor with cage rotor: '

1 16 ;    0, 4 ;R X= Ω = Ω  
' ' 2

12 2 24 ;   12,5 ;   =0,6 ;   0,05 ;  redX R X J kgm= Ω = Ω Ω =

1 2  220 .U V=  Fig.3 shows the transient process of the 
speed with the direct starting of idle motor. The transient 
processes of electromagnetic torque they are indicated in 
Fig. 4: a) – motor starting at the idling; b) – static load 
moment is 5 .stM Nm=   Changing the current of rotor with 
the starting is shown in Fig. 5. 
 

 
 
Fig. 3.  Transient process of the speed with the direct starting                   
of idle motor  
 

 
                            a) 
                                       

 
                          b)      
Fig. 4.  Transient processes of electomagnetic torque: a) – motor 
starting at the idling; b) – static load moment is 5 stM Nm=  
 

           
                                                                                                           
Fig. 5. Changing the starting current of rotor  
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Conclusions 
 
1. It is created the new computer model of the starting 

processes of the induction motor, under basis of which 
are undertaken differential equations of the 
transformed coordinates of motor. This model is 
created to system Matlab/Simulink, which widely they 
adapt in the scientific and engineering practice. 

2. The created model is universal, because it is possible 
to simulate direct starting processes of induction 
motors with cage rotors and phase – wound rotors and 
also the transient processes of rheostat start up. 
Simulating the starting processes of the loaded motor, 
it is possible to conduct the loads of the different 
types: active, reactive, ventilator, etc. 

3.   Results of simulation it shows that to the processes of 
motor starting are characteristic the jumps of currents 
and electromagnetic torque in the beginning of starting 
and decrease at the end of the starting. 
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Исследуются вопросы компьютерного моделирования пусковых режимов асинхронного мотора. Дифференциальные 
уравнения мотора записаны в системе координат , , oα β , связанной с неподвижным статором. Компьютерная модель 
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