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Abstract: The objective of this work is the study of wind 
energy conversion in its entirety in order to optimize the 
power output, improve the quality of the energy supplied and 
thus make the operating point on high MPTT. For this, we 
are interested in modeling and simulation of a wind turbine 
associated with a speed multiplier, an asynchronous 
generator doubly-fed (DFIG) and power converters 
interconnected via a DC bus. Then we have introduced a 
filter to improve the performance of the chain. We conducted 
the simulation and modeling of the indirect control of the 
DFIG. The technique adopted the algorithm is developed in 
Matlab/Simulink/SimPowerSystems. Simulation results are 
presented and analyzed at the end of this work. 
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I.  INTRODUCTION  

 
The development and use of renewable energy have 

experienced strong growth in recent years. These sources 
of energy, wind generators have a special place. 

Interest in the doubly-fed induction generator (DFIG) is 
increasing especially in the field of renewable energy. 
Indeed, in the wind energy area, the DFIG has many 
advantages: The converter linked to the rotor armature is 
sized to a third of the rated power of the rotor, the losses in 
the semiconductor their costs are thus reduced. Indeed, 
currently the most wind turbines are equipped with DFIG 
This is due to several advantages: The power variable 
speed generation (± 30% around the synchronous speed) 
which allows operation over a wide range wind speeds, 
and derive the maximum possible power for each wind 
speed: This is the principle of maximum Power Point 
Tracking (MPPT). The use of DFIG allows the decoupled 
control of active and reactive power, reducing losses, 
mechanical stress and improving the acoustic noise and 
the quality of the power produced. But, the DFIG is 
subject to many constraints, such as the effects of 
parametric uncertainties (due to the heating, saturation...) 
and disruption of the variation of wind speed, which could 
divert the system from its optimal operation. This is why 

the check should be concerned about the robustness and 
performance. 

The development of power electronics has had a major 
impact on the industrial world in the last decades. This rise 
occurred with the arrival on the market of electronic power 
components such as thyristors, triacs, GTO, IGBT or high 
power transistors. These components have enabled the 
development of high power static converters which allow 
conversion of electrical power from some form to another 
form. These converters provide substantial progress in 
industrial processes. In this article, we begin by modelling 
and simulation blocks the wind turbine and asynchronous 
generator and DC bus converters. We will then analyse 
and compare the performance of the chain before and after 
the addition of an "RL" filter through simulations in 
Matlab / Simulink / SimPowerSystems. 

 
II.  DESCRIPTION OF A SYSTEM OF WIND 

ENERGY CONVERSION DRIVEN BY THE “DFIG” 
 
The chain includes wind turbine, multiplier speed, and 

the DFIG (doubly-fed asynchronous machine) whose 
stator circuit is connected directly to the mains. A second 
circuit disposed on the rotor is also connected to the 
network but by way of power converters. Wind chain does 
not only depend on the asynchronous machine, but also 
the way in which the two parts of "back-to-back" 
converter are controlled. The power converter machine 
side is called "Rotor Side Converter" (RSC) and the 
network side power converter is called "Grid Side 
Converter" (GSC). The machine side power converter 
controls the active power and reactive power produced by 
the machine. As for the network-side converter, it controls 
the DC bus voltage and line-side power factor. 
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Fig. 1.b:Schematic diagram of wind chain
 

III.  M ODELING AND SIMULATION OF THE 

TURBINE  
 

A. Principle of modeling 
By applying the theory of the momentum and the 

Bernoulli theorem, we can determine the incident power 
(the theoretical power), due to the wind [5][6]

 

��������� � 	

  �. �. �
   

 �:The surface swept by the blades of the turbine �: The density of air (ρ = 1225 kg / m3 at atmospheric 
pressure); �: Wind speed [m /s]. 

In a turbine, the power extracted from provided on the 
rotor of the turbine is lower than the incident power.

 

���� � 	

 �. �. ����, ��. �
  

 ����, ��: is the power coefficient which expresses the 
efficiency of the turbine, it depends on the ratio
represents the ratio of the turbine speed at the end of the 
blades and the wind speed, and the orientation angle 
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Fig. 1.a: Wind chain 
 

 
of wind chain 

IMULATION OF THE 

By applying the theory of the momentum and the 
Bernoulli theorem, we can determine the incident power 
(the theoretical power), due to the wind [5][6]: 

 (1) 

The surface swept by the blades of the turbine [m²]; 
= 1225 kg / m3 at atmospheric 

In a turbine, the power extracted from provided on the 
the incident power. 

 (2) 

is the power coefficient which expresses the 
efficiency of the turbine, it depends on the ratio�, this ratio 
represents the ratio of the turbine speed at the end of the 
blades and the wind speed, and the orientation angle �. 

 (3) 

Fig 2.a: Power coefficient
 

The maximum power coefficient 
Albert Betz (1920) as follows: 

 

��#$� ��, �� � 	%

& ' 0,593 

 
This coefficient depends on the constitution of the 

turbine, for a wind medium power we have:
 

����, �� � ,	. -,
. 	
. / ,0.� / ,

 

Fig. 2.b: �� � 1���
 
 Note that although the path checks the 

based on the expression (6): 
 

��#$� ��, �� � 	%

& ' 0,593 
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Power coefficient����, �� 

The maximum power coefficient ��was determined by 

  (4) 

This coefficient depends on the constitution of the 
turbine, for a wind medium power we have: 

,23 . 45�6 	
. 7 ,%. � (5) 

 � for � � 0° 
Note that although the path checks the Betz limit is 

  (6) 
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Also, we can say that this turbine will present its 
maximum efficiency for a speed ratio order of 23 since in general, �� is maximal for ��is the torque on the slow axis at the turbine

 

�� � NOP! ! � 	

  �. �. ����, ��. �0. 	    

 !  

 
The total inertia j consists of the inertia of the turbine 

reduced the fast axis and the inertia of the generator
 
 

Fig.3: Schematic diagram of the turbine

C. Simulation Results: 

Fig.4: Mechanical torque supplied by the turbine
 
Weused the "Stall control" technique is a passive 

technique that allows a natural aerodynamic stall. We 
obtained a constant torque Output of the 
simulated model is well suited to our conversion chain 
studied. 
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we can say that this turbine will present its 
maximum efficiency for a speed ratio �  [1][2],of the is maximal for � �  0 ° is the torque on the slow axis at the turbine : 

  (7) 

The total inertia j consists of the inertia of the turbine [� 
reduced the fast axis and the inertia of the generator[\: 

[ � ]!^_ 7 [\   

 
The fundamental equation of dynamics can be written
 

[ � `Oa�� � �b � �� / ��# / 1W
 

B. Block Diagrams of the Turbine
In order to subtract the maximum power of the incident 

energy, must continuously adjust 
the turbine to the wind: 

Schematic diagram of the turbine with Proportional-Integral (PI)controllers
 

 
Mechanical torque supplied by the turbine 

Weused the "Stall control" technique is a passive 
technique that allows a natural aerodynamic stall. We 

utput of the turbine, so the 
simulated model is well suited to our conversion chain 

IV.  MODELING AND SIMULATION OF 

ASYNCHRONOUS G
 
A. Principle of modeling 

The asynchronous generator double
modeled in the cue Park by the following equations
[5]: 

 
��c �  Tcd�c  7  �

�� ∅�c / fc∅gc
 �gc �  Tcdgc  7 �

�� ∅gc / fc∅�c
 ��h �  Thd�h  7  �

�� ∅�h / fh∅gh
 �gc �  Thdgh  7  �

�� ∅gh / fh∅�h
 
With: fh �  fc / S. W  
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  (8) 

The fundamental equation of dynamics can be written: 

Wb��  (9) 

urbine 
In order to subtract the maximum power of the incident 

energy, must continuously adjust the speed of rotation of 

 
controllers 

IMULATION OF THE 

GENERATOR  

The asynchronous generator double-fed (DFIG) is 
by the following equations [4] 

gc   (10) 

�c   (11) 

gh   (12) 

�h   (13) 

  (14) 

(15), (16), (17), (18) 

Cn  

Ωqé,  

Ωqé,  

1 
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Also: mu � vu –  nu and ms  �  vs –  n
 xyz, {yz:Voltage and current stator along the axis dx|z, {|z:Voltage and current stator along the axis q xy},{y}:  Voltage and current  rotor along the axis dx|},{|}:Voltage and current  rotor along the axis q∅yz, ∅y} :Stator and rotor flow along the axis d∅|z, ∅|}:Stator and rotor flow along the axis q~z, ~} :Stator and rotor cyclic inductance�z, �} :Stator and rotor inductance, respectively�z: Mutual inductance between two stator phases �}: Mutual inductance between two rotor phases�: Magnetizing inductance �:Rotation speed of the machine �z, �} :  Stator and rotor pulsation, respectively�z, �} : Stator and rotor resistance per phase, respectively�z, �z :Active and reactive statorpower���:Electromagnetic torque � :Number of polepairs 

 
To adequately control the electricity production of the 

wind, we will achieve independent control of active and 
reactive powers �c  and �c  stator [2] [3] [4] [5] 
reference (��) is oriented so that: 

 
 l�c � lcandlgc � 0   
 
Assuming that the stator flux lc  is

electric network) and ignoring the stator resistance is 
obtained for�c, �cand��#: 

 

�c  �  /�c b
�� dgh   

 

�c � / �c b
�� d�h 7  ��_����   

 

��# � /S b
��  ∅ �cdgh   

 
We  obtain this schematic diagram: 
 

 
2) Variation of voltages �$c, ��c and 
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ns  (19) 

oltage and current stator along the axis d 
oltage and current stator along the axis q  

otor along the axis d 
along the axis q 

tator and rotor flow along the axis d 
tator and rotor flow along the axis q 

nductance, respectively 
, respectively 

Mutual inductance between two stator phases  
ctance between two rotor phases 

, respectively 
tor resistance per phase, respectively 

power 

To adequately control the electricity production of the 
wind, we will achieve independent control of active and 

[2] [3] [4] [5] [6]. The 

 (20)  

is constant (constant 
electric network) and ignoring the stator resistance is 

 (21) 

 (22) 

 (23) 

 

Fig. 5: Schematic diagram of the DFIG
 

B. Simulation results 
1) Active and reactive power 
 

Fig. 6: Total active power 
 

Fig. 7:Total reactive power

and ��c 

Fig. 8:Stator voltages 

��u  �,u ��u  
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Schematic diagram of the DFIG 

 

 
Total active power � � �c (W) 

 
Total reactive power� � �c (VAR) 
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C. Comments and Discussion 
Powers Granted by the asynchronous generatorare equal 

to: � '  9181.9 �  and � '  6700 ��T  (Fig.6 and 
Fig.7), these values are correct indeed. Note that the wind 
channel provides a considerable active power:The minus 
sign indicates that this course is a power output. 

The terminal voltage of the stator of the generator is 
sinusoidal, effective value close to 380V and � '0,02uperiod, (Fig.8) that is to say, 50Hz frequency. We 
can say that the machine operates in its optimal conditions 
(�RvU��4 �  380�and T�U4� �s4��4�,� �  50 ��). 

 
V. CONVERTERS AND THE CONTINUOUS BUS 

 
A. Principle 
 

 
Fig. 9:Schematic diagram of converters and DC bus 

 
B. Pulse width Modulation (PWM)   

The modeling of PWM rectifier[7], is represented by the following figure: 
 

 
Fig. 10:Schema of the rectifier with (PWM) 



International Journal of Electronics Communication and Computer 

Copyright © 201

C. Result of the simulation 
 

 
We see that we get an impulsions train that is well 

suited to our system, in fact we get every moment tension 
"most positive", that is to say, the highest in absolute 
value. 

 

Fig. 12: 
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Fig. 11:I GBT command signals 

We see that we get an impulsions train that is well 
suited to our system, in fact we get every moment tension 
"most positive", that is to say, the highest in absolute 

VI.   M ODELING AND S
COMPLETE CHAIN C

 
After studying each element separately, now, we interest 

us to model and simulate the system in its entirety
A. Without filter 

 

 Diagram of the full open loop system without filter 
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SIMULATION OF 

CONVERSION 

After studying each element separately, now, we interest 
us to model and simulate the system in its entirety: 
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B. With an “R-L” filter 

Fig. 13: Diagram of the full open loop system with an “R

C. Simulation results 
 

Fig. 14:The continuous bus v

Fig. 15: The continuous bus voltage after adding the filter
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Diagram of the full open loop system with an “R-L” filter 
 

The continuous bus voltage before adding the filter - meanV¡ ' 300
 

The continuous bus voltage after adding the filter- mean V¡ ' 600
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D. Comments and discussions 
When we gathered all the elements of the chain, we 

have made improvements to different parts of the model 
for that they are compatible. 

We note that the terminal voltage ��  of continuous bus 
is between 0 and 700V DC and adding filters actually 
improves the quality of this tension and has increased its 
average value (see Fig.13 and Fig.14). 

Reactive power conveyed by the DC bus �� is equal to: 
� Without filter �, '  14,2  £��T; 
� After adding filter�,  '  55, 1 £��T. 

We find that the second channel with filter will perform 
better because it is this power that will be transmitted to 
the inverter to power the load or injected to the network. 

 
VII.  CONCLUSION AND OUTLOOK  

 
From the results given above, we can conclude that the 

chain is correctly modelled and simulated in its entirety. 
The filter addition clearly improves the efficiency of the 
chain, by increasing the average value of the DC bus 
voltage and therefore the power absorbed. 

The continuation of our work is to insert the voltage 
control loop and power in order to minimize parasitic 
fluctuations observed in the trace of the voltage across the 
capacitor. 

 
VIII.  SIMULATION PARAMETER  

 
Table 1: Characteristics of the wind chain 

Rotor 
Resistance 0.022 Ω 

Number of 
pole pairs 

2 

Rotor 
Inductance 

0.226/337 H 
Stator 

Resistance 0.029 Ω 

Mutual 
Inductance 

13,04/337 H 
Stator 

Inductance 
0.226/337 H 

Three-
phase 
Load 

1Ω,600V 
Capacitor of 
Continuous 

bus 
500µF 

Wind 
Speed 

10m/s Filter «1Ω - 0,2H» 
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