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Abstract: This paper is interested in the study of a wind 
energy conversion system (WECS) based on a doubly fed 
induction generator (DFIG) connected to the electric power 
grid. The objective of our work is to make a modeling of a 
various components of the wind system, therefore using 
these models to work out a control device which allows the 
improvement of the production's quality of electrical 
energy. For that purpose, I'm going to present to you a 
strategy of control by vector control (PI Classical) to 
control independently the active and reactive powers 
generated by the DFIG uncoupled by flux orientation 
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1. Introduction 
 Over the last twenty years, renewable energy 
sources have been attracting great attention due to the 
cost increase, limited reserves, and adverse 
environmental impact of fossil fuels. In the meantime, 
technological advancements, cost reduction, and 
governmental incentives have made some renewable 
energy sources more competitive in the market. Among 
them, wind energy is one of the fastest growing 
renewable energy sources [1]. 
 Installed wind power capacity has been 
progressively growing over the last two decades.  The 
installed capacity of global wind power has increased 
exponentially from approximately 6 GW in 1996 to 
158 GW by 2009. The wind industry has achieved an 
average growth rate of over 25% since 2000, and is 
expected to continue this trend in the coming years. 
This impressive growth has been spurred by the 
continuous cost increase of classic energy sources, cost 
reduction of wind turbines, governmental incentive 
programs, and public demand for cleaner energy 
sources. Although Europe has maintained its role as the 
largest wind power producer as a region, the Unites 
States has surpassed the long-time world leader 
Germany by increasing its installed capacity of almost 
50% in just two years. It has now an installed capacity 
of 35 GW, equivalent to 22.3% of the global installed 
capacity. Asian countries are catching up, mainly 
driven by the markets in China and India. In fact, 
China doubled its installed capacity in one year, and is 
expected to continue to grow at a fast pace in the next 
few years [2].Our study aims primarily the conversion 
of wind energy into electrical energy by the use of a 
DFIG controlled through the rotor sizes, and supplied 

with a cascade based on two converters PWM on two 
levels. The principal function of these converters in the 
conversion system of wind energy is the connection of 
wind generator to the electrical communication with a 
double vision: to control independently of the active 
and reactive powers generated by the DFIG. With this 
intention, several strategies of control are proposed in 
the literature in order to control these converters. 
 
2. Modeling of the wind system 
 For facilitating the study and the control of the chain 
of conversion, we will describe a model for each 
component of our system.  
 

 
Fig. 1. Synoptic diagram of the WECS. 
 
2.1  Modeling and control of the turbine 
Modeling of the turbine 
The aerodynamic (mechanical) power that the wind 
turbine extracts from the wind is expressed by the 
following equation: 
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Where ρ is the air density, RT is the wind turbine rotor 
radius, V is the wind speed, and the power coefficient   
Cp (λ, β) represents the turbine efficiency to convert 
the kinetic energy of the wind into mechanical energy 
[3]. This coefficient is a function of both the blade 
pitch angle β and the tip speed ratio λ, which is defined 
as [4]: 
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Where ΩT is the shaft speed (in rad/sec). As a matter of 
example, the expression of the power coefficient of a 
wind turbine of 4Kw is approximated by the equation: 
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Fig. 2. Power coefficient Cp according to λ for different β. 
 

,   TCg
G


C

         

,   T

g

G


 

     

. .J f
d gT C g g

G dt
 




C
    (4) 

 
Thus, we can establish the model of the turbine whose 
diagram block is given on the figure below. 
 

 
Fig. 3. Diagram block of the turbine's model. 

 
Control in lower part of the nominal output 

(optimization of the power) 
 In this zone of the operation, the control has as main 
objectives are to maximize the captured energy of the 
wind and to minimize the efforts undergone by the 
driving mechanism. To maximize the capture of the 
energy of the wind, there are two variables must be 
maintained with their optimal values in control to 
ensure the maximum value of Cp(opt) = (λopt ,βopt) 
[5].  
 One by fixing the pitch angle at it optimal value 

βopt , and the other by fixing the specific speed to its 
optimal value λopt . The characteristic corresponding to 
this relation is given in Zone II of the figure 4. 

 
Fig. 4. Ideal characteristic of a wind turbine at variable 

speed 
 
Zone I: corresponds with the very low speeds of the 
insufficient wind to actuate the wind system. 
Zone III: corresponds with the very high speeds of the 
wind, the objective in this zone is to limit the output 
power to a value equal to the nominal power of the 
wind system to avoid overloads. This is done by action 
on the pitch angle of the blades. 

 INDIRECT CONTROL IN ZONE II. 

The technique of optimization of the power used in this 
zone is the MPPT control. In this paper, the WT 
operates with a constant pitch angle β=2 deg and from 
Fig. 2. The maximum power coefficient Cp max=0.5 is 
achieved for a tip speed ratio value λ=9.2. 
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The control's diagram block structure is given by the 
figure below. 
 

speed 
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Fig. 5. Indirect control speed (Zone II). 
 

2.2 Modeling of the Generator 
The mathematical model of a doubly fed induction 
generator in the rotating frame (d-q) can be described 
by the following equations [6,7,8,9]: 
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The electromagnetic torque equation is given by: 
 

 
M
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                       (9) 

 
The stator active and reactive powers are expressed by: 
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Setting in the form of equation of state 

Our goal is to represent the equations established above 

in the following form: 
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2.3 Modeling and control of the grid side converter  
The Rotor side converter is used to providing bi-
directed flowed channel for rotor-side converter, 
stabilizing the DC-link voltage and achieving unity 
power factor or changed power factor of grid-side [10]. 
 
Modeling of the grid side converter  
The source of feed: 
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The Converter: 
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In more, the rectified current is given by: 
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Fig. 6. Functional diagram of the grid side converter. 
 
Grid side converter control  
The objective of the grid side converter is to regulate 
the DC-link voltage and to set a unit power factor. A 
vector control approach is used with a reference frame 
oriented along the grid voltage vector, enabling 
independent control of the DC link voltage and the 
reactive power flowing between the grid and the grid 
side converter. Figure 6 illustrates the whole bloc 
diagram of the grid side converter control [11]. 

 Modeling in the frame mark (d,q)   

Equations that governing the system are: 
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V pd  and V

pq  : are the components of Park of the 

converter's input voltages.   V
d and  V

q
: Park’s 

Components of the grid voltages. i
d and  i

q : Park’s 

Components of the grid currents.  w  : Pulsation of 

the grid.                                             

    The expressions of the active and reactive powers 

are given by: 
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This system can be written in the following metric 
form: 
 

 
3

.
2

    

    18
   

V V i
P d q d

iQ V V
qq d

   
            

  
 

 
And we set      0P U I and

c s
Q   

 
The diagram block of the regulation is then represented 
in the figure below. 
 

 
Fig.7.    The control while running of the rectifier with 

PWM in the reference mark (d,q). 
 

 
 
Fig.8. bloc diagram of the GSC current control in Park 

reference frame. 

Simulation and interpretation of the results 
It is clear that the direct voltage follows the imposed 
reference Figure 9. In more, the currents of line follow 
their references perfectly and have a sinusoidal form 
Figure 10. What confirms the advantage of the PWM 
rectifier in the reduction of the harmonics. 
 

 
  Fig. 9. Voltage of the direct bus with a zoom.   
   

 
  Fig. 10. Current and tension of line. 
 
2.4 Modeling of the inverter 
The Rotor side converter is used to control the active 
and reactive powers injected by the stator of the doubly 
fed induction generator to the grid. The inverter used is 
a simple three-phase inverter on two levels (six 
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switches) [12]. 
 

 

 
 

Fig. 11.   the three- phases inverter on two levels. 
 
The mathematical model of the three-phases inverter. 
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3. Vector control of the powers active and reactive 
The vector control orientation of the flow has an 
attractive solution to achieve better performance in 
variable speed applications in the case of the DFIM as 
well under operation generator as motor [13].  
In this context, we proposed a control law for DFIM 
based on the orientation of the stator flux, used to run a 
generator. The latter highlights the relationship 
between the stator and rotor Ingredients.  These 
relationships will help to act on the rotor signals to 
control the exchange of active and reactive power 
between the stator of the machine and the grid. With a 

constant and directed stator flux, φ φ et  φ 0
sd s sq

   [14], 

if we neglects the resistance of the stator windings, the 
equations of the tensions of the machine are reduced to 
the following form [15, 16]: 
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The equations of flux are expressed by: 
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The stator active and reactive powers are expressed by: 
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The Stator components of the current are expressed by:  
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Components out of phase of the rotor tensions:  
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Fig.12. Diagram block of the structure of control by 
orientation of the stator flux of the DFIG fed in 
tension 

 

3.1 Simulation and interpretation of the results 
Results without turbine (speed fixes) 
The results of simulation present the various curves 
obtained by the vector control in active and reactive 
powers generated on the level of the stator of the 
DFIG. A good follow-up of instruction for the active 
and reactive powers stator is noted. 
 

 
Fig. 13.  The active and reactive powers and the rotor 

voltage. 
 

Results with turbine (variable speed) 
The figures below show the performances of the 
cascade using a rectifier and an inverter on two levels 
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connects to the rotor of the DFIG which is pulled by a 
wind turbine. The control of the rectifier consists with 
two control loops. 
The setpoint of the stator active power is given starting 
from the power of the turbine. We notes a good follow-
up of setpoint for the active power as well as the stator 
reactive power which is maintained null by the real 
powers output by the DFIG. This technique made it 
possible to obtain a perfect decoupling between the two 
components of the stator power. 
 

 
Fig.14.   The applied wind profile and mechanical speed. 

 
Fig.15.  The tip-speed ratio and the power coefficient 
 

 
Fig.16.  The stator active and reactive powers. 
 

 
Fig.17.  The DC bus voltage. 
 

 
Fig.19.  The phase current and voltage of grid. 

 

     
Fig.18.  Stator components of the current.  

  
 Fig.19.   Rotor components of the current. 

4. Conclusion 
This work enabled us to study and apply the vector 
control for the regulation of stator’s active and reactive 
powers in system of production of wind energy.  The 
vector control that using DFIG of traditional regulators 
PI presents certain disadvantages such as the sensitivity 
to parametric uncertainties of the machine and their 
variations.  
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