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 Abstract—— In this electronic document, we study the 

modeling and the control of an induction machine. The proposed 

system outputs through a Pulse Width Modulation inverter 

checked up at continuous output by a Vector control in order to 

obtain a maximum energetic efficiency. The results of various 

simulations of all the chain of conversion, carried out under 

MTLAB/Simulink software, made it possible to evaluate the 

performances of the proposed system.  

 Keywords——: Induction machine; simulation; Vector 

control; Modeling; PWM;  

I.  INTRODUCTION  

 To optimize the functioning of the induction machine, we 
must choose a control that can deliver the maximum power 
output (optimal performance) and reduce the harmful effects 
due to load disturbances. Vector control with rotor flux 
oriented control is a reliable control. It has the advantage of 
eliminating the influence of the leakage reactance rotor and 
stator, which provides better results. In this strategy we try to 
emulate the operation of the induction machine to that of a DC 
machine with independent excitation, where there is a natural 
decoupling between the excitation current and the armature 
current. This decoupling allows for a very fast response of 
torque. In this paper, we presented the model of an induction 
machine and the vector control of this machine. We will then 
quote the simulation results of our system and comment. The 
remainder of the paper is organized as follows: Section (2) 
focuses on the modeling of the machine. Section (3) 
emphasizes on the method of control of this machine. Section 
(4) is reserved for the result of simulation of our system. 

II. MODELLING OF INDUCTION MACHINE  

The induction motor is the engine most used worldwide. 
The most economical and the most common electric motors is 
characterized by a simple and robust design. An induction 
machine can be represented by three identical to the stator 
windings. 

The equation of the machine is then written in the following 
form: 

 

Fig. 1. Layout spatial phase stator and rotor 
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 Previous equations brings us back to matrix equations 
nonlinear and high dimensional not easily exploitable. To 
overcome this problem we use the transformation of PARK 
(detailed in (II.B)). We apply a Park transformation P [θs] to 
the stator and another P[θs-θ] to the rotor, where θs is the angle 
of the marker of the stator. θ is the electric angle related to the 
mechanical position of the motor θm by relationship θ = np θm  

So (1) and (2) becomes: 

      sdqsdqssdq
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Noting that: 
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 Based on the foregoing, the corresponding electrical circuit 
q-axis is shown in Fig. 2. The circuit of the axis is almost the 
same. Just we change the variables with those of the b axis and 
we invert the polarity of the pulse-related sources. 

 

Fig. 2. Equivalent circuit of the q-axis of a two-phase asynchronous machine. 

The park model leads to several expressions of the 
electromagnetic torque cem we retain: 

             Cem = np

r

m

L

L
 (iqs dr – ids qr) 

(16) 

III. CONTROL OF INDUCTION MACHINE 

 The vector control is, in each period of operation of the 
inverter, an opening or closing of the power switches in order 
to create a magnetic field to the electric machine whose 
magnitude and direction are to meet the optimal speed 
setpoints and couple. We try to emulate the operation of the 
induction machine to that of a DC machine with independent 
excitation, where there is a natural decoupling between the 
excitation current and the armature current. 

A.  Structure of the vector control 

 
Fig. 3. Block diagram of vector control. 
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The electromagnetic torque is given by: 

qsr

r

m
pem  iΦ 

L

L
nC ˆ  (17) 

Noting that:  

rΦ ˆ
 is the flow estimated by the estimation block.  

So we see that the electromagnetic torque is based on a single 

current (that is the purpose of vector control).  

The rotor flux is estimated from Ids, the actual stator current 

measurement after the Park transformation.  
Where: 
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The pulsation angular θs Benchmark dq-axis relative to a stator 
phase. It is defined by the following equation : 
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rω̂   is the electrical rotor pulse   

mω̂  is the mechanical rotor pulse  

B. Park Transformation 

The The Park transformation allows us to transform the 
variables of a three-phase system in a two-equivalent-phase.  

 

Fig. 4. Relationship between a phase and a two-phase equivalent. 

 

This transformation is defined by 
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P (0) has a special character, it does not depend on the angle s, 
it forms a constant linear transformation is the transformation 

Concordia, which is not the case of P (s) In addition, it is 
invertible, we can then more easily mathematical operations in 
the same way for the two vectors that lie. 

C.  Speed Control 

To control the speed, we chose a Proportional Integral 
correction. We have the following transfer function: 

J sRC

Ω

nlpem

m




1
 (27) 

With Rnlp the losses in the shaft of the pump, the PI 
regulator transfer function, permitting to eliminate the 
mechanical time-constant and to zeroed the error. 

12 CΩCR mnlp   

 

                                                                                                        

(28) 
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D.  PWM (Puls Width Modulation) Hysteresis Band 

The method of the hysteresis band allows the switching of the 

interrupter when the error between the signal and the setpoint 

exceeds a fixed amplitude. Indeed, in the modulation of the 

stator currents are hysteresis compared with reference currents 

within a hysteresis band. The controller generates sinusoidal 

reference current of the desired frequency, which are then 

compared to the current resulting from motor stator. If the 

current exceeds the upper limit of the hysteresis band, the 

upper switch arm switch is turned off and the lower switch is 

activated.  
As a result, the current starts to decay. If the current 

exceeds the lower limit of the hysteresis band, the lower switch 
arm inverter is turned off and the upper enabled. As a result, 
the current returns to the hysteresis band. Thus, the actual 
current is forced to follow the reference current in the 
hysteresis band. Figure 2.5 illustrates the principle of operation 
of a regulator with hysteresis. 

 

Fig. 5. Principle of operating a hysteresis controller 

This command is most commonly used because of its ease of 
use and robustness. In fact, this strategy provides satisfactory 
control current without requiring extensive knowledge of the 
system model to control or settings. Fig. 6 presents the 
principle of establishing a first error signal, the difference 
between the reference currents isabc *, and after the inverter 
current isabc. This error is then compared to a template called 
hysteresis band to fix the orders for controlling the switches.     

 

Fig. 6. Hhysteresis Band Regulator 

 

IV.  SIMULATION RESULT  

The operation of the entire environment was simulated 
under MATLAB ®, Simulink ®. The speed and flux references 
are respectively: Xm0 = 300 rd/s = 2866 rpm, Ur0 = 0.932 Wb.  

The input voltage is 380V.  

The Asynchronous motor-pump is characterized by:  

Numbers of poles: 2,  

Nominal voltage: 230/400 V,  

Nominal current: 1.6 A,  

Nominal power output: 750 W,  

Nominal speed: 2866 rpm,  

Nominal frequency: 50 Hz,  

Total moment of inertia, J: 0.0015 kg m2,  

Constant of pump torque, Kr: 2.772 kg m2 rd_1  

Coefficient of friction, F: 3.44 · 10_5 kg m2 s_1,  

Stator resistance, Rs: 10.621 Ω,  

Rotor resistance, RR: 7Ω, 

 
Fig. 7. Simulation response of speed 

 
Fig. 8. Simulation reponse of flux 
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Fig. 9. Simulation reponse of Torque 

V. CONCLUSIONS 

In this paper, we have developed mathematical models of our 

Syteme. Law control system has been detailed. The results of 

various simulations have performed to validate the proposed 

mathematical models. 
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