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Abstract. The article presents a three-phase mathematical model of asynchronous machine with wound 
rotor based on differential equations. The equations are resolved with respect to the derivatives of flux 
linkages. The description of the computer program in the Matlab Simulink that implements the model and 
allows to simulate transients of the asynchronous motor is present. A simulation model of a three-phase 
asynchronous machine with wound rotor, which allows to investigate static and dynamic operating ranges 
when power converters are connected to the rotor circuit has been obtained. The results of approbation of 
the obtained simulation model in the Matlab Simulink environment and experimental research of 
asynchronous engine with wound rotor, driving into the asynchronous-valve cascade, are presented. The 
results of experimental studies of the asynchronous machine under sinusoidal voltage using a stand based on 
the asynchronous-valve cascade, and comparison of the oscillograms obtained with simulation results of the 
proposed model are presented. The comparison of experimental and calculated oscillograms of the current 
of the investigated asynchronous motor can be concluded on satisfactory accuracy of the proposed model 
and the possibility of its application for modeling and analysis of asynchronous electric drives. 

1 Introduction  
In engineering practice, mathematical models built on 
the basis of a generalized two-phase electric machine are 
used for analysis and synthesis of electric drive systems 
based on asynchronous machines with controlled 
converters [1-3]. Traditional modeling of electric drives 
is carried out in software packages Matlab Simulink, 
VisSim, etc., however, they are compiled either on the 
basis of a two-phase mathematical model of an 
asynchronous machine, or a three-phase mathematical 
engine model in a natural coordinate system directed 
along the axes of the phase stator windings, which is 
valid only for the connection diagram of the windings 
stator and rotor "star with neutral" [2-6]. To analyze 
asynchronous electric drives in the Matlab Simulink 
software package, a basic simulation model of an 
induction machine with wound rotor is used. It’s based 
on a two-phase asynchronous machine of a mathematical 
model, which has the following disadvantages: 

– the model cannot work when the rotor is open; 
– the two-phase model, on the basis of which the 

basic asynchronous machine was developed in Matlab 
Simulink, does not exactly reflect the shape, amplitude 
and frequency of oscillatory components in dynamic 
modes (these parameters for models of a two-phase and 
three-phase machine will be different [1]);  

– the calculation is not performed adequately when 
power converters are included in the rotor circuit 

(especially if a high resistance arises in the rotor circuit 
during simulation, which is typical with closed valves of 
power converters in the rotor circuit). 

Therefore, the urgent task is to create a simulation 
model of an induction machine with phase-wound rotor, 
which would most fully reflect the electromechanical 
transformations. 

The purpose of the work is to create a simulation 
model that allows to study a three-phase asynchronous 
machine with phase-wound rotor when power converters 
are connected to the rotor circuit. 

2 Main part  
A three-phase mathematical model of an asynchronous 
machine in an unconverted system in the phase axes of 
coordinates A, B, C, a, b, c, we compose according to 
the sources [2,3]. Solutions of the equations of the 
mathematical model will be determined through the 
derivatives of flux linkages. To do this, we write down 
the equations for the derivatives of flux linkages, 
expressed through the parameters of the stator CBA ,, iii , 
rotor currents cba iii ,, , inductances 1L , 2L , 12L and the 
rotor rotation angle .r . 

Using expressions for the electromagnetic moment of 
the generalized electric machine and the equation of the 
mechanical part [1-3], we obtain the system (1). 
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CBA1CBA ,,,,,, iiiR  – flux linkage, active 
resistance and currents of stator; 

cbacba iiiR ,,,,,, 2  – flux linkage, active 
resistance and currents of rotor; 

1211 LLL +=   – self-inductance of the stator phase 
winding; 

1L  – leakage inductance of the stator phase winding 
(according to the T-shaped equivalent circuit); 

12
'
22 LLL +=   – self-inductance of the rotor phase 

winding reduced to the stator; 

'L 2  – reduced to the stator leakage inductance of the 
rotor phase winding (according to the T-shaped 
equivalent circuit); 

r  – rotor angle; 

r  – rotor speed; 
M  – electromagnetic moment on the shaft of an 

asynchronous machine; 
SM  – static moment; 

p  – number of pole pairs; 
J  – moment of inertia of an asynchronous machine.  
Expressions (1) represent a mathematical model of a 

three-phase asynchronous machine with wound rotor, in 
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which the equations are resolved with respect to the 
derivatives of flux linkages. Based on the obtained 
mathematical model of a three-phase asynchronous 
machine with wound rotor, given the development of 
similar models [7], a simulation model of a three-phase 
three-phase asynchronous machine with wound rotor 
was developed in Matlab Simulink, shown in Fig. 1.  

A feature of the developed simulation model of 
asynchronous machine with wound rotor is that the basic 
equations of currents and flux linkages are made using 
blocks of the Simulink library, and the voltage on the 
rings of phase rotor is determined using elements of the 
SimPowerSystems library. This allows you to connect 
various types of load to the phase rotor circuit of the 
model. Due to the fact that Simulink blocks and 
SimPowerSystems blocks cannot be directly connected 
to each other, the Subsystem block is used to convert the 
SimPowerSystems model into an equivalent 
computational Simulink model, the content of which is 
shown in Fig. 2. 

 
Fig. 2. Contents of the Subsystem block. 

The input actions of the simulation model of an 
induction machine with wound rotor are: 

- stator voltage; 
- operating mode (engine, generator); 
- torque (for engine operation mode) or rotation 

speed (for generator operation mode). 
The output quantities of the model are: 
- stator and rotor currents; 
- machine rotation speed; 
- moment on the machine shaft. 
The fig. 3 shows a simulation model of an 

asynchronous machine with wound rotor 
(SimPowerSystems-model) in the form of its own unit 
(Model AD wound rotor) with the connection of the 
specified input and output values. 

 

Fig. 3. Simulation model of an asynchronous-valve cascade 
built on the basis of an asynchronous machine with wound 
rotor in the Matlab Simulink. 

Approbation of the obtained simulation model of an 
asynchronous machine with wound rotor MTF112-6-U1 
with a power of 5 kW was carried out for an 
asynchronous valve cascade (fig.3). Calculations and 
experimental study of currents were carried out at a 

 
Fig. 1. Model of an induction machine with wound rotor in the Matlab Simulink environment. 
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rotation speed of 670 rpm and a load torque of 25 N•m. 
Diagrams of stator and rotor phase currents are shown in 
Fig. 4 and 5 respectively. 

 

Fig. 4. The form of the phase current of the stator of an 
asynchronous machine as part of an asynchronous-valve 
cascade. 1 - calculation; 2 - experiment. 

 
Fig. 5. The form of the phase current of the rotor of an 
asynchronous machine as part of an asynchronous-valve 
cascade. 1 - calculation; 2 - experiment. 

3 Conclusion 
The created and debugged simulation model of an 
asynchronous machine with phase-wound rotor makes it 
possible to analyze various operating modes of 
asynchronous machine with wound rotor. In the process 
of approbation of the simulation model, it was revealed 
that the calculation step for obtaining an adequate result 
should be of the order of microseconds-units. This 
feature is obviously due to the fact that when 
differentiating the expressions of flux linkages, in order 
to avoid excessive complication of the model, it was not 
taken into account that the rotation speed is a function of 
time, and to obtain an adequate result, the frequency 
corresponding to the calculation step must be large 
enough compared to rotor speed. 

As a result of comparing the experimental and 
calculated data, the error in the average value of the 
currents is no more than 5%, the error in the amplitude 

of the instantaneous value of the stator and inverter 
currents is about 7%. Thus, the presented simulation 
model is advisable to use when compiling simulation 
models and designing industrial electric drives, which 
include asynchronous machines with wound rotor. 
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