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Abstract 

In this paper, using the GUI environment of Matlab, we simulate the 
transient behavior of induction motor. For this purpose, the relevant 
equations are stated in the beginning, and then by the coordinate 
transformation, the simulation model in two phase αβ stationary frame 
is built and put in an appropriate form suitable to be processed with 
Matlab. The result of simulation curves agrees well with the actual 
situation of running motors. This virtual laboratory can be used to 
assist in the understanding and testing of electrical machines in 
engineering degrees. 
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1. Introduction 

The establishment and the study of mathematical models for electrical 
machines open a large field of possibility for research. The possibility to 
replace a real system by a mathematical model gives many advantages in the 
research on electrical machines. Model is a valuable contribution in gaining 
an image of what can be observed experimentally. In addition, it helps to 
predict the behavior of the machines in situations different from experimental 
observations. 

In the past, we used the three-phase stationary frame for the 
establishment of induction motors. In this reference frame, the equations 
contain inductance terms which vary with θ  (which is the angle between the 
same phase axis of stator and rotor) which in turn varies with time. This 
makes it difficult to establish the mathematical model of induction motor, in 
three-phase stationary frame. A much simpler form leading to a clearer 
physical picture is obtained by coordinate transformation, building the 
induction motor in two-phase αβ  stationary frame. 

In this paper, we build the simulation model of induction motor in           
two phase αβ  stationary frame, and give the simulation results, which 

demonstrate that the model is more accurately reflecting the actual situation 
of running motors. 

The simulations are conducted using Matlab which is a tool which allows 
the modelisation of the dynamics of electrical machines. It also offers 
impressive and easy-to-use tools in applications development using graphical 
user interfaces (GUIs). This environment is used for the implementation of 
the model. 

2. The Mathematical Model and Coordinate Transformation 
of the Induction Motor [1] 

Firstly, we have the mathematical equations of a squirrel cage induction 
motor in the three-phase stationary frame. Secondly, transform the model of 
three-phase static coordinate to the model of two-phase static coordinate 
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through 3S/2S transformation, then put it in an appropriate form suitable to 
be simulated with Matlab. The concrete procedure is as follows [1]. 

A. Establishment of the mathematical model of asynchronous motor 

The mathematical model of asynchronous motor in the three phase 
stationary coordinate can be listed as: 

1. Voltage equation: 
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rcrbrascsbsa UUUUUU ,,,,,  denote the instantaneous values of stator and 

rotor phase voltage, respectively. 

rcrbrascsbsa iiiiii ,,,,,  denote the instantaneous values of stator and rotor 

phase current, respectively. 

rcrbrascsbsa ψψψψψψ ,,,,,  denote the whole flux linkage of stator and 

rotor windings, respectively. 

rs RR ,  denote the stator and rotor resistance, respectively. 

2. Flux equation 

[ ] [ ]
[ ] [ ]

.⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

ψ

ψ

rabc

sabc

rrs

srs

rabc

sabc

i

i

LM

ML
 

In the equation 
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where 

sl  and rl  are leakage-inductance of stator and rotor; 

sm  and rm  are mutual-inductance of stator and rotor; 

srM  is the maximum value of mutual-inductance between stator and 

rotor; 

θ  denotes the position angle between stator and rotor windings. 

B. The mathematical model of two phase coordinate system 

A mathematical transformation is used to refer all variables to a common 
reference frame (related to the stator). The mathematical model of 
asynchronous motor under two-phase stationary coordinate can be deduced 
and acquired as follows: 

1. Voltage equation 
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The voltages in this system are time variant. 
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2. Flux equation 
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Substitute flux equation into voltage equation we get: 
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For convenience of calculation, we put the equations in the form: 
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So we can write 

[ ] [ ] [ ][ ] [ ] [ ].11 ULIRLdt
Id −− +−=  

This expression represents the equivalent form of the state equation: 

BUAXdt
dX +=  
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3. Mechanical equation 

In order to study the transient phenomena, we need to complete the 
model with the equation of motion and the torque equation as follows: 

( ).2
3, αββα ⋅−⋅=Ω+Ω= srsrsr iiiipMCFdt

dJC  

3. Mathematical Resolution 

1. Stages for solution 

We use Matlab to solve time dependant ordinary differential equations. 

a. We create a derivative function. The time-dependant terms (voltage) 
are computed in this function, 

b. We use function handles to pass the derivative function to the solver 
(for our work, we used ODE45). 
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The flowchart of the algorithm is showed below: 

 

Figure 1. Flowchart of the proposed algorithm  

4. Simulation and Analysis 

For a user friendly interface, a Matlab GUI is created. Running the 
created GUI M-file from Matlab workspace will display the interactive 
window with input fields to be entered: 

The induction motor chosen for the simulation studies has the following 
parameters: 

The stator resistance ;150.1 Ω=Rs  the rotor resistance ;144.1 Ω=Rr  
the stator inductance ;156.0 HLs =  the rotor inductance ;156.0 HLr =                      
the mutual inductance between stator and rotor ;143.0 HM =  inertia 

;kg.m024.0 2=J  the viscous friction coefficient ;..0 smNF =  the number 

of motor pole pairs ;2=P  the frequency ;Hz50=f  the voltage 

V.380=U  
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1. Simulation 

 

Figure 2. Time response of the speed. 

 

Figure 3. Time response of the stator current. 
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Figure 4. Time response of the rotor current. 

 

Figure 5. Time response of the magnetic torque. 
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Figure 6. Variation of the magnetic torque as a function of the slip. 

 

Figure 7. Time response of the stator flux along d axis. 
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2. Simulation analysis 

The results obtained from the simulation are shown in Figures 2-7 with 
the evolution of the speed, the stator current, the rotor current and the 
electromagnetic torque. At no load, the speed is almost close to the 
synchronous speed. When the load increases at 2s, the resultant imbalance of 
the motor and load torques cause deceleration of the drive system to a rating 
value. This results in an increased motor torque which matches with that of 
the load ensuring stability of the operation.  The evolution of the torque as 
shown on Figure 5 presents important oscillations in the first moments before 
stabilizing. These oscillations can be explained by the flux variations of the 
stator (Figure 7). The evolution of the torque as a function of the slip       
(Figure 6) is symptomatic of the behavior of induction motors which begins 
for a slip equal to one to stabilize close to zero. The result of simulation 
curves agrees well with the actual situation of running motors. 

V. Conclusions 

Analysis of an induction motor is done under the environment of Matlab 
GUI. The results of the simulation obtained agree with the results obtained 
when used a tool as SIMULINK [1]. The use of computer software for 
modeling and simulation of electrical machines behavior is important in 
teaching and learning as it helps to understand the machines performances. 
This virtual laboratory can be used for this purpose to assist in the 
understanding and testing of electrical machines in engineering degrees. 
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