
Abstract—The present paper deals with a new technique of 

finite elements analysis (FEA) of the rotor cage induction motor 

which enables its application to the study of other electrical 

devices. This technique has the great advantage of enabling the 

determination of the torque-slip characteristic, of the currents 

and of other parameters, given that the motor is supplied by a 

nominal voltage, without requiring however a numerical analysis 

with motion (of the rotor). There are only harmonic analyses in 

the frequencies domain that are performed, that are determined 

by the corresponding slips and therefore the necessary time and 

hardware/software resources are much more reduced. The 

results obtained by this method are compared to those given by 

measurements and thus the accuracy of the method can be 

confirmed. 

 Index Terms—finite, elements, frequency, domain, analysis, 

induction, motor, torque, characteristic. 

I. INTRODUCTION 

The finite elements method (FEM) has been applied in 

engineering for over four decades [1] and it is the most used 

and developed of all numerical methods. In case of A.C. 

rotating electrical machines without permanent magnets, the 

mathematical model, solved by FEM, derives from well-

known Maxwell's equations, specific to quasi-stationary 

electromagnetic field by magnetic type. The general equation 

which must be solved is 
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In (1) we have noted: B, magnetic flux density [T], A, 

magnetic vector potential [Wb/m], µ, magnetic permeability 

[H/m], V, electric scalar potential [V], σ electric conductivity 

[S/m] and v, speed of moving conductors [m/s]. 

The solutions of (1) are those values that minimize the 

associated energy functional 
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The way in which the equation system derives from the 

minimizing condition of the energetic functional is thoroughly 

described in the specialized literature and will not be 

approached in the present study.   

II. THE FINITE ELEMENTS ANALYSIS OF INDUCTION MOTOR 

A. The parameters of induction motor 

In accordance with the equivalent circuit of three-phase 

induction motor (fig.1), the phase parameters of the machine 

are: magnetizing reactance, Xm=ωLm, resistance corresponding  

 
Fig. 1. Equivalent circuit of induction motors 

to iron core loss, Rm, leakage reactance and resistance of the 

stator winding, Xσ1=ωLσ1 and R1 respectively, rotor leakage 

reactance referred to the stator, X’σ2=ωL’σ2 and rotor resistance 

referred to the stator, R’2, where s is the rotor slip, ω is the 

angular frequency and L is the corresponding inductance. 

The values of the current and of the torque during the 

starting process are imposed by the parameters of the 

equivalent sketch. In FEA the parameters of the two windings 

are often divided into two parts. One part is to be found in the 

2D numerical model and the other part corresponds to the 3D 

model without being present in the 2D model. In order to 

study the transient regimes or to determine the mechanical 

characteristic or the current variation during starting process 

the 2D analysis is usually performed. The parameters 

corresponding to 3D model are inserted in the winding circuits 

of the motor. This approach is preferred due to the higher 

accuracy of the results and to the reduced amount of time that 

is required, as compared to the 3D analyses. 

New analytical [2] or experimental [3], methods keep 

coming, that enable to determine quite precisely these 

parameters, but the finite elements analysis is the most 

accurate in the case of a machine in design stage.  

References [4], [5], [6] and [7] describe different FEA 

techniques or circuit-field coupling methods and, respectively, 

ways of determining the parameters based on the values of the 

numerically computed electromagnetic field.   

In the following, there will be described a new technique 

of determining the torque-slip characteristic and, also, the 

current-slip curve, when the stator winding of the rotor cage 

induction motor is supplied at nominal voltage. 

B. The proposed FEA technique  

It is known that the determination of the torque-slip 

characteristic at constant current can be performed by means 

of harmonic numerical analyses.  The stator winding is 

supplied from current sources and the frequencies are imposed 

by the rotor slip, according to the relation f=sfn.   

In order to determine the torque-slip curve at nominal 

voltage, the stator winding must be supplied by voltage 

sources. The rotor speed is either set or is derived from the 

field values. In conclusion, a harmonic analysis with motion is 

necessary, but it requires important resources and much time. 
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A new technique of analysis in the frequency domain 

which enables the determination of the torque-slip and current-

slip curves will be proposed. The stator winding is supplied by 

a three-phase voltage source at different frequencies, 

according to the rotor slip. As the voltage frequency in the 

stator winding is, actually, constant and equal to the nominal 

frequency, some changes in the numerical model need to be 

done, so that the stator winding current should not be affected 

by the frequency value. These changes result from the voltage 

equation of stator winding  

 1011111 )( ILjRILjIRU mnmn    . (3) 

The stator current will be  
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Some remarks are necessary. In case of high power motors 

and/or at rated load motors, the I10 current is much lower than 

the I1 current. The magnetizing reactance is also much higher 

than the resistance corresponding to the magnetic-core losses.  

All these remarks taken into account, the losses in the stator 

core hardly influence the stator winding current. They can be 

even neglected in the case of large motors. In this paper they 

have been considered, however, but in a simplified way. 

The stator core losses are mainly represented by the 

hysteresis losses as the eddy currents are limited because of 

the small thickness of the stator laminations. These losses are 

approximately proportional to the frequency, which means that 

the resistance Rm can be written Rm=fn(Rm/fn)=fnrm, where rm 

stands for the resistance Rm referred to the nominal frequency. 

Consequently, the stator winding current can be written as 

follows 
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When an analysis is performed at a frequency f=sfn, which 

is the rotor currents frequency, the stator current will be  
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In order that the current in  (5) be the same as in (6), the 

following terms must be equal 
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Resulting 
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In conclusion, the stator winding current is not dependent 

of the voltage frequency if the voltage value and the stator  

 
Fig. 2. Torque-slip characteristic at nominal voltage 

 

 
Fig. 3 Current-slip cuve at nominal voltage 

winding resistance are multiplied by the slip s. The stator 

winding current is only imposed by the rotor bars currents.  

For confirmation purposes, the numerical model of the 

stator has been carried out, with air in the rotor space. Having 

performed numerical analyses at three different frequencies, 

the same stator winding currents have been obtained. 

 The curves: torque-slip (fig. 2) and current-slip (fig. 3)  

have been determined by the FEA and by measurements for a 

three-phase induction motor with the following main data: 

rated power 0.37kW, nominal phase voltage 230V, stator core 

length 75mm, inner and outer diameter of the stator 70 mm 

and 106.5 mm respectively, two pole-pairs, stator slots number 

36 and number of turns in a coil 133. 

III. CONCLUSIONS 

The described technique enables the analysis in the 

frequency domain at constant voltage. For induction motors, it 

avoids the analysis with motion which requires important 

amounts of time. 
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