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  Abstract. Over the last years, there has been a strong penetration of renewable energy 

resources into the power supply network. Wind energy generation has played and will 

continue to play a very important role in this area for the coming years.  

Currently, the wind using a doubly-fed induction generator « DFIG» are the more used for 

the production of the electric energy. Our work consists of modelling of a chain of 

conversion of the wind energy where the doubly-fed induction generator operates at 

variable speed. thereafter, we consider the regulating of the active and reactive powers in 

order to ensure optimum operation.  

To this effect, we have established a vectorial control to ensure a decoupling between the 

electromechanical variables. The command is developed and validated using 

Matlab/Simulink in order to analyze by simulation the behavior of the chain in the fields 

of possible function. 

Keywords: Wind energy conversion system (WECS); Vector control; Doubly Fed 

Induction Generator (DFIG). 

1   Introduction 

To increase the operational speed range of  wind turbines and eliminate soft starter and grid-

side reactive power compensator, a variable speed turbines based on doubly fed induction 

generator (DFIG) were developed. The configuration of Wind Energy Conversion System 

(WECS) using a DFIG and power electronic converter is shown in Figure 1 [1][2]. As the name 

implies, power from the doubly fed induction generator is fed to the grid through both stator 

and rotor windings. 

The power converter is usually made of two-level voltage source converters  connected in a 

back to back  configuration. The machine-side converter, also called a rotor-side converter 

(RSC), controls the generator torque/speed or active/reactive power, whereas the grid side 

converter (GSC) controls the net DC-bus voltage[3][4] . 

The advantages of the DFIG are that rotor power allows variable speed, high starting torque 

capability, and flexible reactive power control. 
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This work presents a control chain conversion based on a (D.F.I.G). To improve the transient 

and steady state performance and the power factor of generation, a stator flux oriented vector 

control scheme is used in this work. The vector control structure employs conventional PI 

controllers for the decoupled control of the stator side active and reactive power. The whole 

system is modeled and simulated using Matlab/Simulink and the results are analyzed. 

     

 

Fig. 1. Variable speed wind turbine. 

 

2   WIND TURBINE MODELING 

 

The power contained in the wind is given by the kinetic energy of the flowing equation 

[5][2][6]: 
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Where ρ is the air density (kg/ m³), 
PaleR is the blade radius (m), 

windV is the wind speed, 

(β,λ)PC  is the turbine power coefficient, and λ is the tip speed ratio, which is defined by: 
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Where Ω t
is the Rotational speed of the turbine. 

The aerodynamic torque is given by: 
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Where S is the area swept by the pales of the turbine. 

3 DFIG MODELING AND POWER CONTROL 

3.1 DFIG model 

For a doubly fed induction machine, the Concordia and Park transformation's application to the 

traditional a,b,c model allows to write a dynamic model in a d-q reference frame as follows by 

[7][8][9]: 

 



 

 

 

 

Electrical equations 
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Stator and rotor flux equations 
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Stator and rotor active and reactive powers 
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The electromagnetic torque 
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3.2   Establishment of the Control Strategy 

 

Through aligning the direct axis of the reference frame along the stator flux vector position 

(FOC) [10][11][12], the following relationships can be derived from Eq. (5): 
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So, we can write:                        
0
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       The adaptation of the relations (6), (7), and (11) to the chosen system of axes and the 

simplifying hypotheses considered in our case gives: 
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  Therefore, the d and q axis components of the rotor current have to be manipulated to control 

the stator reactive and active power respectively. The current control loop is based on the rotor 

circuit equations of the DFIG.  
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The control variables Vdr and Vqr of the rotor voltage can be obtained from eq.(14). The 

influence of the cross-coupling between the d-q axis components of rotor current on system 

performance is small, which can be eliminated by adopting some control law. The model of the 

vector control of the rotor-side converter obtained from the above analysis is shown in Fig. 2. 

 

Fig. 2. Block Diagram of vector  control design 

 



 

 

 

 

 

4  SIMULATION RESULTS  

The DFIG connected directly to the grid through the stator, and its speed is controlled via a 

back-to-back PWM converter. The parameters of the DFIG are given in Table 1. 

 

Table 1. Detailed parameters of the DFIG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 3 and 4 illustrate respectively the stator active power and reactive power. We can see 

the robustness of the power control of the DFIG. Figures 5 and 6 show the rotor and stator 

currents waveforms. The frequency of these current, vary according to the slip s. 

 

 

 

Fig. 3. Stator active power  response 

Rated power 1.5 MW 

  1.225 Kg/m3 

Blade Radius R 35.25 m 

Stator resistance RS 0.012Ω 

Rotor resistance Rr 0.021Ω 

Stator inductance  LS 0.0137 H 

Rotor inductance  Lr 0.0136 H 

Mutual inductance M 0.0135H 

Moment of inertia  J 0.175 kg.m² 

Damping coefficient f 0.0024 N/rd/s 

Number of pole pairs p 2 

C  2.2 mF 



 

 

 

 

 

Fig. 4. Stator reactive power  response 

 

Fig. 5. rotor currents  response 

 
Fig. 6. Stator currents  response 

 

The active power of DFIG follows the variation of the setpoint and the reactive power is mainted 

to zero, which signified the reactive power output is not affected. The simulation result indicates 

that the active and reactive power decoupled control is achieved and the performance is good. 

According  to the results found in literature[13][14], which show the results of the 

implementation of PI controllers on wind power systems, and by observing the previous results, 

we see that the controller presented in this paper has a fewer oscillations during setpoint 

changes, and the peaks of disturbances are much less significant. 

 

5  CONCLUSION 

 

The control of the doubly fed induction generator, used in variable-speed wind power 

generation,  was considered. And a control structure using standard proportional integral PI 

controller and a field-oriented control strategy is described and simulated. 

The simulation result indicates that the active and reactive power decoupled control is achieved 

and the performance is good. 
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