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Abstract- This paper presents parameters estimation of three phase asynchronous motor based in 
finite element method used in electrical vehicle application. The FE model is designed with FEMM 
software and Lua script algorithm has adopted with Matlab (M-file) platform. The parameters 
such as rotor and stator inductance, mutual inductance, time constant of rotor …etc are 
determinate to have better evaluate the IM performance. It has been seen that the proposed model 
is efficient enough with enhanced accuracy in the estimation of parameters. 
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1. INTRODUCTION 

The EVs is the car of future, were clean energy use it, many researches focus on the 

electrical vehicle in order to improve performance at the most reasonable cost. EV is a great 

way to contribute towards a healthy and stable environment. But, EVs have some 

drawbacks such as cost, high recharge time and the autonomy, which need to ameliorate by 

choosing the best electrical machine, that respect factors performance and price. IM is the 

most attractive due to the simple structure; low cost and robust geometry. IM have 

experienced in EVs such as Tesla cars and improvement in their performance. Rotor losses 

is the most part need to reduce and also starting behaviour. A model for the machine has 

been built. First, due to the difficulty of accessing real system, second, analytics models are 

very complex and not accuracy and also depends every stator winding and every rotor bar 

winding independent model winding. According to these factors, finite element method has 

been used. This  method for calculating the motor parameters is FE field solution is not new 

but it might be useful alternative to the existing numerical and experimental method, 

because it eliminate some of their drawbacks. Modelling of electrical motors has 

experienced remarkable improvement in recent decades through the employ of FEM. To 

design a FE model of asynchronous motor, FEMM 2D software has been used, which based 

in a magnetic potential and field distribution. Also to draw geometric in MATLAB 

platform, Lua script algorithm has been used.   

A library of seven parameters models of IM has been constructed such as rotor time 

constant, magnetic dispersion coefficient and stator and rotor inductance and mutual 

inductance, to evaluate the magnetic stability of the IM[1] [2][3]. 
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2. MACHINE ARCHITECTURE 

The three phase machine designed with 36 slots stator and 24 slots rotor. This motor is 

characteristic by P=1.8kW, f=50hz, 4 pairs of poles(i.e. p=2), running of a 220 Vrms line-

to-line,3 phase supply, implying that it will be running at slightly less than 1500 RPM. The 

air gap of the induction machine is 0.07 mm. The detailed dimensions presented in Table1. 

An important feature of the stator is the shape of the slot.The slots in the engine are semi 

open type as presents in Figure1 A [4].The winding configuration for the machine is 

divided in three symmetric phases and rotor the cage rotor constitutes bars as pictured 

below in Figure2 A and B. To reduce noise and some harmonics during starting and for the 

accelerating is more uniform, the rotor is constructed so that the conductors are oblique 

with respect to the motor shaft. In order to model electrical rotor asymmetries the full 

topology of the rotor cage, respectively has to be taken into account. In order to understand 

how induction motors work it is necessary to have a good model. Figure1 B present the 

characteristic of the motor, the torque according to the speed.                                

  

 

 

                                     Figure 1 A-Semi open type of slot, B-Torque of motor (speed) 

                     

                                         Figure 2 A-Stator winding, B- Rotor winding 

3. MODEL DESIGN 

There are different methods used in the field of calculation and simulation of electrical devices 

including asynchronous machines [5].The proposed method for estimating the machine 
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parameters by using FE field solution is not completely new, but it might be useful as 

alternative to the existing numerical an experimental methods because it eliminates some of 

their drawbacks [6]. Their aim is to compute accurately the operating properties and 

characteristics of IM. This model is based on the calculation distribution of the electromagnetic 

field in the machine. This calculation is performed numerically using the finite element method 

which used several approaches have been explored for the spatial discretization of the field 

equations based in Maxwell equations: 

                                         (1) 

                                   (2) 

                                      (3) 

                                        (4) 

These equations are coupled with the equations governing the boundary conditions to 

determine the distribution of the field in the machine. Many studies can be performed on this 

machine is meant to represent field distribution in rotor bars and calculate rotor current directly 

as eddy current and identifying an IM model and for the discretization triangular as well as 

quadrilateral finite induced in rotor bars. But, the parameters are obtained from FE field 

solution by building elements can be used in 2D using FEMM. The main purpose of this 

software is to determine the mapping of the magnetic field in electrical machine with the aim 

of building and optimizing [7] [8]. For the study and modification of the various parameters of 

the machine, these settings may vary depending on the desired performance, they include as 

well the geometric dimensions, for all that is magnetic saturation, eddy current...etc 

[9].Calculation and computer aided design of the IM is to size the squirrel machine. At first we 

used the generalized analytical calculation by a program reserved for the design of an engine, 

written in Matlab. Then specialized software based on the finite element method for the 

simulation of electrical machines like shown in figure 4. 

                                          

                                                 Figure 3 Process of estimation with FEM 

The controls scripts are programmed in MATLAB that are required to call FEMM software 

and create the geometry of the IM. With geometry, we give him the materials as of each 

part; outline the conditions of the machine, and operating conditions as shown in Figure 4 
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A. From a practical standpoint, it is very easy to vary the operating conditions of the 

machine (frequency and magnetizing flux), by simply changing the data calculation 

program where high flexibility. Materials are assigned in the models. After run the mesh 

like presented in Figure 4 B, the flux distribution can be seen [10]. 

4. SIMULATION RESULT 

The point of identifying these parameters via FE method is to validate the approximations 

and simplifications that automatically must be made in the derivation of analytical design 

formulas [11].   The principle of this method, the magnetic circuit of the machine is divided 

into several elements of small dimensions to allow considering the linear magnetic material 

on the corresponding surfaces. The use of the Maxwell equations, based on local forms, 

solves the problem. The 2d model of the Induction Machine has field linking with the stator 

phases or the rotor loops can be calculated from the vector magnetic potential as presented 

in Figure 5 A and B. 

 

 
Figure 4 A-FE model with materials identification, B- FE model with materials identification 

   

Figure 5 A- FE model with flux distribution, B- FE model with Current density 
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The analysis is run at a different values rotor speed and stator current. The main point to be 

considered when modelling IM at a single frequency is that the currents induced in the rotor 

bars will vary at the slip frequency rather than the armature frequency. This is important 

because the setup of the dynamic analysis needs to account for the difference between the 

frequencies in the stator windings and the rotor bars / conductors. Now, one could either 

attempt to base parameter identification by using a constant stator current over a range of 

frequencies [12]. The proposed method ensures the required separation of the rotor and 

stator leakage inductances in both saturated and unsaturated case. The described model of 

the induction motor with the complete known set of parameters can be used in the advanced 

control synthesis of the induction machine [13].  To calculate the stator induction, the 

model solved with the simulation were achieved for wide range rotor speeds while different 

stator current Figure 6 A present the stator inductance parameter for  rotor speeds equal 2, 

5, 12 and 25 rd/s. The same process is adopted for rotor induction while varying stator 

current up reach high values (0 at 50 A) and for rotor speeds equal 2, 5, 12 and 25 rd/s 

like Figure 6 B displays. Figure 6 C and D shows respectively rotor time constant and 

magnetic dispersion coefficient, the simulation and FE analysis were achieved with 

similar manner for wide range rotor speeds equal 2, 5, 12 and 25 rd/s while different 

stator current(0 at 50 A). 

 

The skin effect is clearly present in this case. The amplitude of the current density is 

much greater at the high value of the rotor speed. Figure 6 E, F and Figure 7 A represent 

respectively the stator to rotor effect mutual inductance, the rotor to stator mutual 

inductance and mutual inductance for wide range rotor speed 2, 80, 158, 236 and 314rd/s 

and with varying stator current up reach high values 0 to 50 A. Finally,  Figure 7 B  the 

stator field and the magnetic flux amplitude along the depth of a rotor bar is presented 

in Figure 7 C. 
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Figure 6 A- Stator inductance, B- Rotor inductance, C- Rotor time constant, D- Magnetic 

dispersion coefficient, E- Mutual inductance stator to rotor, F- Mutual inductance rotor to 

stator. 

The developed program compute the circuit model parameters of squirrel cage IM 

using the solution of electromagnetic fields and take in account the saturation and skin 

effects. In addition, Analysis the performance of IMs and study of non-linear 

alternating filed, then, study the problems that are difficult to be solved by analytical 

methods [14].   

Indeed, other parameters may also be present using FEM calculation, such as stator and 

rotor resistance, losses of stator and rotor and electromagnetic torque can be computed 

with significantly good accuracy.      
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Figure 7 A- Rotor Mutual inductance, B- Magnetic flux of stator, C- Magnetic flux of rotor 

5. CONCLUSIONS 

This paper has also addressed to improve efficiency of squirrel cage IM by estimate IM 

parameters. FE model has been created, which performed using FEMM software. The 

results of the evaluation indicate that the motor depends on improvements to validate its use 

in EVs. The next steps are using this model for optimization and also reduce losses in rotor 

winding of IM coordinated with control method, because EVs need high performance of 

electrical machine. 
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ANNEX  

The following tables give summary characteristics of the machine: 
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