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Abstract— In this paper, we present the performance study of a 

variable-speed wind turbine based on doubly fed induction 

generator with  using the maximum  power  point  tracking  

methode for to extract the maximum power avaible.  The 

control scheme is tested and the performances ares evaluated by 

simulation results.The simulation results obtaned under 

MatLab/Simulink shows the effectiveness and validity of the 

considered control. 

Keywords—Wind turbine, Control, Matrix converter, Doubly 

Fed Induction Generator 

 

I. INTRODUCTION 

Wind   Generation   Systems   (WGS)   are   currently  

taking a great interest in renewable energy systems [1] A  

wind  turbine  is  a  mechanical  device  that  converts  kinetic  

energy  into  mechanical  energy  which  then  is  converted to 

electrical energy by coupling a generator to  the wind turbine 

[02].  Currently  wind  energy  can  be  used  under  various  

schemes,  that  is,  primary  source  with  storage  systems  

provide  energy  in  remote  locations,  as  primary  energy  

source  with conventional sources to inject energy into a grid; 

The  wind  turbine  can  be  operated  at  the  maximum 

power  operating  point  (MPPT)  for  various  wind  speeds 

by   adjusting   the   shaft   speed   optimally   to   achieve 

maximum  efficiency  at  all  wind  velocities  [2-4]. Pitch 

angle regulation is required in conditions above therated  

wind  speed  when  the  rotational  speed  is  not  kept 

constant.  Small  changes  in  pitch  angle  can  have  a 

dramatic effect on the power output [5]. Wind power has 

become increasingly popular because of the increasing 

difficulty of the environmental pollution and the greenhouse 

effect. Huge efforts have been made in promoting the WECS, 

to reduce costs, increase reliability and robustness 

[06].Actually, in the field of renewable energies, several 

types of electric machines are used as generators in wind 

energy conversion systems (WECS)  [6-8] ;  Therefore, the 

study of double fed induction generator (DFIG)  has regaind 

importance because he have become the most popular 

generators for wind energy applications. 

 

II. WECS MODEL 

 

The wind energy concersion system considered in this 

work includes the wind turbine , gearbox, double fed 

induction generator (DFIG), matrix converter and the  

 

electrical network. Figure 1 shows the equivalent diagram of 

wind energy conversion systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1 Modeling of wind turbine 

Wind energy comes from the kinetic energy of the wind. 

Thus, if we consider that the mass of air (m) which moves 

with the velocity (V), the kinetic energy of this mass and the 

turbine power are given by the following relation [9]: 

                                                       (1)   

                                                                                                                                      

3
v Vsρ

2

1
P                                             (2) 

Where, is the air density ( 1,25 kg/m
3
), m is mass of air,  

V is the wind speed 

Taking into account  of The power coefficient ( Cp) which 

presents the aerodynamic efficiency of the turbine and 

depends on the specific speed  and the angle of the blades . 

It is different from a turbine to another, and is usually 

provided by the manufacturer and can be used to define a 

mathematical approximation. The power coefficient  and the 

specific speed are  defined  by [10] . 

 

                                                                                         (3)                         

                                                                             (4)                                                                                                                                                                                                                                                 

 

Figure1.    Equivalent diagram of WECS 
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So, the turbine power and torque developped are expressed 

respectively  by [9, 10]: 

 

         (5)                                                                                                         

                                                (6)                                                                                                                        

Figure 2 shows the computed relation between the power 

coefficient Cp (λ, θ) and the specific velocity,  for different 

angles  using wind turbine parameters given in appendices. 

It is clear from this figure λ that there is a value which 

ensures maximum power captured from the wind for each 

stall angle. For each wind speed, the machine rotates so that it 

captures the maximum available power. Based on previous 

relationships, the Power-Velocity characteristic can be plotted 

for different wind speeds (see Figure 3). 

 

 

 

 

  

 

 

 

 

 

 

 

Fig. 2  Caractéristics Cp (λ, θ)  

 

 

 

 

 

 

 

 

 

 

 

 

             Fig. 3  Caractéristics Power-speed 

The rotation  speed which provide an extraction of the 

maximum powers are calculated as a function of the optimum 

specific velocity λ and the stall angle θ. These speeds are 

given in the table Tab. 1 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Data table 2-D for the speed DFIG 

 

The mechanical part of the wind turbine can be presented as 

follows: 
 

 

 

 

 

 

 

 

 

 

Fig. 5 Mechanical part of wind turbine 

The wind turbine shaft is connected to the WFSG rotor 

through a gearbox which adapts the slow speed of the turbine 

to the WFSG speed. This gearbox is modeled by the 

following equations [11]:  

                                                              (7)                                                                                                                                                                                                                                                 

 

Where,  

                                                                          (8)                                                                                                                                                                                                                                          

From the dynamics fundamental relation, the turbine speed 

is determined as follows: 

 

                                     (9)                                                                                                                                                                

J   and   f   are  the  total  moment  of  inertia  and  the  

viscous  friction  coefficient  appearing  at  the generator side, 

Cmec  is the gearbox torque, Cem  is the generator torque, and 

Ωm  is the mechanical generator speed. 

Figure 6 shows the block diagram of the wind turbine shaft 

model associated with the turbine model. 

 

 

 

 

 

 
 

 

 

 

  

 

 

Fig. 6 Wind Turbine Model 
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2.2  Doubly fed induction generator  model  

 

2.2  Doubly fed induction generator  model  

The mathematical model of DFIG can be given by the 

following equations [12-14] : 
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where  Vsd ,Vsq  ,Vrd and  Vrq   are the stator and rotor d-q  

axes  voltages,  respectively;  Rs and Rr   are  the  stator and  

rotor  phase  resistances,  respectively;  Isd ,Isq ,Ird and  Irq  are 

the stator and rotor d-q axes currents, respectively; ψsd − ψsq 

and ψrd − ψrq  are the stator and rotor d-q axes fluxes, 

respectively; Ls, Lm, and Lr are the stator, magnetizing, and 

rotor inductances, respectively; ωe  and ωr  are the 

synchronous and rotating angular frequencies, respectively;  

Te  is  electromagnetic  torque;  and  P  is  number  of poles.  

 

2.3  Matrix converter  model  

The MC structure is shown in Figure 7. It is formed of 

bidirectional elements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 MC converter structure 
The input and output voltages are expressed in the following 

matrix forms: 

 

 and      (13)                                                      

 

With, 

 (14)   

                                                                                                                                                                              

With, 

 

                                                                    (15)   

 

Where, 

 q : transformation ratio between the input and output voltage. 

 : input current ; 

  : output current ;  

 : Phase between the voltage and the current at the input ;  

 : Phase between the voltage and the current at the output  

 

The three phases consist of 3x3 switches. Which have 512 

combinations of switching states with only 27 states are 

possible[15]. Considering: 

 

  • To avoid short circuit: do not connect two input lines to the 

same (most common) output line; 

• To avoid an open circuit of loads: do not disconnect the 

output line (surge circuits)  

 

The elements of the connection matrix [M (t)], are defined as 

follows: 

 

                                         (16)     

                                                                                                                                

Avec k=1, 2,3 et j=1, 2,3. 
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                                                                                          (17)                            

Avec k=1, 2,3 ; j=1, 2,3 et   

The sequence time is: 

 

           (18)                                    

 

Where,  are defined, respectively ,  as the 

conduction time of  During a sequence. 

 

The switching time of the switch which connects the input 

phase k to the output phase j is then defined by the following 

equation: 

 

            (19)                                                                                                   

 

Where,  is the desired output voltage.  

 

                                                                                          (20) 

Avec   

 

Therefore, the state of the switches can be written as follows: 

 

       (21)   

                                                                               

    (22)  

                                            

      (23) 

                                                                                          

 is the sequence number  

 

To validate the algorithm,  the figures 8a and 8b shows   and 

phase voltage of output for frequencies (25Hz and 75Hz). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. STRUCTURE OF THE CONTROL 
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Fig.8. Simple output voltage (Green) et phase output voltage (Blue)   
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4. Simulation results 

The studied system , shows in Figure 9, is simulated using 

MatLab/Simulink. After presenting the structures and 

modules of the different parts of the chain, we developed a 

program under the Matlab Simulink software and  analyze the 

functioning of the system. The simulation was performed 

with the Matlab / Simulink software to validate the 

commands studied in this work.The wind profile used in 

simulations is constant 8m/s and the reference reactive power 

is variable. The  decoupling  effect  of  the  between  the  

active  and  reactice power   of  the  wind energy conversion 

systems is illustrated in Figure 10 and Figure 11 for rotor and 

stator. Each parameter perfectly follows its reference value 

with a very good in dealing with the time-varying, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

5. Conclusion  

In this paper, the modelling and control of a wind system 

with variable speed wind turbine are considered. The control 

is applied apply independent control of active power and 

reactive generated by the wind energy conversion system 

based on on doubly fed induction generator are controlled. 

The model of the wind conversion chain is developed and the 

technique of maximum power point tracking is  applicate to 

provide all of the active power generated to the grid with 

unity power factor. The results showed that the active and 

reactive power of the wind energy.  
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