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ABSTRACT 
 
Different electric wind power conversion systems 

structures can be used based on the converters 
topologies. The main objective in all the structures is 
always the same: the wind energy at varying wind 
velocities has to be converted to electric power with the 
highest performances. In this paper, a double fed 
induction generator is used with different control 
strategies: a direct control without taking into account 
the coupling between the present currents and an 
indirect control based on state space approach. A 
comparison in term of robustness and stability between 
the two methods is presented through simulation results.  

 
Keywords: wind-turbine, double fed induction 

generator, regulators, Park transform, 
 

1. INTRODUCTION 
 
Today, it is proved that fossil fuels continue to diminish 
and climate change poses an ever-increasing threat. 
Among the alternative power sources, wind power "is 
one of the most promising new energy sources" .Wind 
is appealing for several reasons. It is abundant, cheap, 
inexhaustible, widely distributed, clean, and climate-
benign, a set of attributes that no other energy source 
can match. However, there are still many unsolved 
challenges in expanding wind power. In this paper, two 
approaches for control of a double fed induction 
generator (DFIG) are introduced. 
Wind turbines use a doubly-fed induction generator 
(DFIG) consisting of a wound rotor induction generator 
and an AC/DC/AC IGBT-based PWM converter. The 
stator winding is connected directly to the 50 Hz grid 
while the rotor is fed at variable frequency through the 
AC/DC/AC converter.(Fig.1). The DFIG technology 
allows extracting maximum energy from the wind for 
low wind speeds by optimizing the turbine speed, while 
minimizing mechanical stresses on the turbine during 
gusts of wind. The optimum turbine speed producing 
maximum mechanical energy for a given wind speed is 
proportional to the wind speed. Another advantage of  

 
the DFIG technology is the ability for power electronic 
converters to generate or absorb reactive power, thus 
eliminating the need for installing capacitor banks as in 
the case of squirrel-cage induction generator [11]. 
This paper is organized as follows. Section II presents 
the modeling of the studied system. In Section III the 
two control approaches for variable speed wind turbine 
are presented with the simulation results. Finally, we 
close the paper by discussing ongoing and future 
challenges in the last Section. 

 
 

2. MODELING SYSTEM  
 
2.1. System representation 
  

 Figure 1 shows our wind conversion chain, 
which consists of a turbine, a generator (double fed 
induction generator) with a rotor winding, converters 
and PWM (Figure 1). 

 
 
 
 
 
 
 
 

 
 
 
 
Figure1 : Doubly fed induction generator with     
converters 

 
2.2. DFIG representation in Park reference 
 
For the different equations used in this paper the 
following nomenclature will used:  
𝑃𝑚 : Mechanical power captured by the wind turbine 
and transmitted to the rotor 
𝑃𝑠 : Stator electrical power output 
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𝑃𝑟: Rotor electrical power output 
𝑃𝑔𝑐: C grid electrical power output 
𝑄𝑠 : Stator reactive power output 
𝑄𝑟  : Rotor reactive power output 
𝑄𝑔𝑐:  C grid reactive power output 
𝑇𝑚: Mechanical torque applied to rotor 
𝑇𝑒𝑚: Electromagnetic torque applied to the rotor by the 
generator 
𝜔𝑟 : Rotational speed of rotors 
𝑉𝑠, 𝑉𝑟  are Staor and Rotor voltages 
𝑉𝑞𝑠 , 𝑉𝑑𝑠 are the three-Phase supply voltages in d-q 
reference frame, respectively 
𝐼𝑞𝑠 , 𝐼𝑑𝑠 are the three-Phase stator currents in d-q 
reference frame, respectively 
𝑉𝑞𝑟 , 𝑉𝑑𝑟 are the three-Phase rotor voltages in d-q 
reference frame, respectively 
𝐼𝑞𝑟 , 𝐼𝑑𝑟  are the three-Phase rotor voltages in d-q 
reference frame, respectively 
𝑅𝑠, 𝑅𝑟 are the stator and rotor resistances of machine 
per phase, respectively 
𝜑𝑞𝑠,𝜑𝑑𝑠 are the three-Phase stator flux linkages in d-q 
reference frame, respectively 
𝜑𝑞𝑟, 𝜑𝑑𝑟 are the three-Phase rotor voltages in d-q 
reference frame, respectively 
𝐿𝑠 , 𝐿𝑟  are the leakage inductances of stator and rotor 
windings, respectively 
𝜃𝑠, 𝜃𝑟 are the stator and rotor flux angle, respectively 
 

 To model the DFIG, we establish the model of a 
wounded rotor induction machine, which will be 
obtained in the same manner as the model of squirrel-
cage induction generator, except that the rotor voltages 
are not null. 

General equations of synchronous wounded rotor 
machine are the following [6]:  

[𝑉𝑠]3 = 𝑅𝑠[𝐼𝑠]3 +
[𝑑𝜑 𝑠]3
𝑑𝑡

                                 (1) 

[𝑉𝑟]3 = 𝑅𝑟[𝐼𝑟]3 + [𝑑𝜑𝑟]3
𝑑𝑡

 

 

Using the transformed Park on flux and voltage 
equations of the DFIG, the model is presented  in a two-
phase rotating frame, with the following equations:    
[6] [8]. 

 

  

⎩
⎪⎪
⎨

⎪⎪
⎧𝑉𝑑𝑠 = 𝑅𝑠𝐼𝑑𝑠 + 𝑑𝜑𝑑𝑠

𝑑𝑡
− �̇�𝑠𝜑𝑞𝑠

𝑉𝑞𝑠 = 𝑅𝑠𝐼𝑞𝑠 + 𝑑𝜑𝑞𝑠
𝑑𝑡

+ �̇�𝑠𝜑𝑑𝑠

𝑉𝑑𝑟 = 𝑅𝑟𝐼𝑑𝑟 + 𝑑𝜑𝑑𝑟
𝑑𝑡

− �̇�𝑠𝜑𝑞𝑟

𝑉𝑞𝑟 = 𝑅𝑟𝐼𝑞𝑟 + 𝑑𝜑𝑞𝑟
𝑑𝑡

+ �̇�𝑟𝜑𝑑𝑟

�                             (2) 

 

  

⎩
⎨

⎧
𝜑𝑑𝑠 = 𝐿𝑠𝐼𝑑𝑠 + 𝑀𝐼𝑑𝑟
𝜑𝑞𝑠 = 𝐿𝑠𝐼𝑞𝑠 + 𝑀𝐼𝑞𝑟
𝜑𝑑𝑟 = 𝐿𝑟𝐼𝑑𝑟 + 𝑀𝐼𝑑𝑠
𝜑𝑞𝑟 = 𝐿𝑟𝐼𝑞𝑟 + 𝑀𝐼𝑞𝑠

�                                           (3) 

The electromagnetic torque is expressed by: 

  Γ𝑒𝑚 = 𝑀
𝐿𝑠

(𝐼𝑞𝑟𝜑𝑑𝑠 − 𝐼𝑑𝑟𝜑𝑞𝑠)                                  (4) 

 

p is the number of pole of the DFIG. 

By orienting the reference (𝑑, 𝑞) so that the axis is 
aligned with the stator flux [8] [9], we obtain: 

 𝜑𝑑𝑠 = 𝜑𝑠     and    𝜑𝑞𝑠 = 0                                         (5) 

and the electromagnetic torque expression is: 

 Γ𝑒𝑚 = 𝑀
𝐿𝑠
𝐼𝑞𝑟𝜑𝑠                                                            (6) 

And the flux equation is: 

  𝜑𝑠 = 𝐿𝑠𝐼𝑑𝑠 + 𝑀𝐼𝑑𝑟                                                    (7) 

   0 = 𝐿𝑠𝐼𝑞𝑠 + 𝑀𝐼𝑞𝑟                                     

 

 

 

 

                                          

 

 

 Figure 2: Orientation of the axis of the stator flux 

Assuming that the grid voltage remains stable, with 
the value 𝑉𝑠, and as  the flux is considered  constant, the 
electromagnetic torque is proportional to the rotor 
current 𝐼𝑞𝑟 according to equation (6). 

And by neglecting the stator windings resistance (in the 
case of for high power generators) the stator voltages 
equations become 

 

 𝑉𝑑𝑠 = 𝑑𝜑𝑠
𝑑𝑡

                                                            (8)  
  𝑉𝑞𝑠 = �̇�𝑠𝜑𝑠 

 

note   �̇�𝑠 = 𝜔𝑠  and  𝑉𝑞𝑠 = 𝑉𝑠 

This gives the following expressions:    

𝑉𝑑𝑠 = 0                                                                     (9) 
𝑉𝑠 = 𝜔𝑠𝜑𝑠 
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The relation between the stator and rotor currents is set  
from the equation (7) 

 

  𝐼𝑑𝑠 = −𝑀
𝐿𝑠
𝐼𝑑𝑟 + 𝜑𝑠

𝐿𝑠
                                                (10) 

  𝐼𝑞𝑠 = −𝑀
𝐿𝑠
𝐼𝑞𝑟 

The stator active and reactive powers can be written as: 

 

 𝑃 = 𝑉𝑑𝑠𝐼𝑑𝑠 + 𝑉𝑞𝑠𝐼𝑞𝑠                                         (11) 
𝑄 = 𝑉𝑞𝑠𝐼𝑑𝑠 − 𝑉𝑑𝑠𝐼𝑞𝑠 

 

The previous expressions are transformed to the 
following ones by using equation (9) 

 

𝑃 = 𝑉𝑠𝐼𝑞𝑠                                                            (12) 

𝑄 = 𝑉𝑠𝐼𝑑𝑠                  
 

and then by using  equation (10) the powers are 
expressed as follows : 

 

 𝑃 = −𝑉𝑠
𝑀
𝐿𝑠
𝐼𝑞𝑟                                       (13) 

𝑄 = −𝑉𝑠
𝑀
𝐿𝑠
𝐼𝑑𝑟 + 𝜑𝑠𝑉𝑠

𝐿𝑠
 

 

with                      𝑉𝑠 = 𝜔𝑠𝜑𝑠 
so    

𝑃 = −𝑉𝑠
𝑀
𝐿𝑠
𝐼𝑞𝑟                                           (14) 

 𝑄 = −𝑉𝑠
𝑀
𝐿𝑠
𝐼𝑑𝑟 + 𝑉𝑠2

𝐿𝑠𝜔𝑠
 

 If the magnetizing inductance M is constant, we 
note that the active power P is proportional to the 
quadrature current and reactive power is mainly 
proportional to the rotor current (4). 

 To properly control the machine, we will set 
the relationship between the rotor currents and voltages 
applied to the machine. 

Substituting in equation (3) currents by their value 
in equations (10) we obtain 

 𝜑𝑑𝑟 = �𝐿𝑟−
𝑀2

𝐿𝑠
� 𝐼𝑑𝑟 + 𝑉𝑠2

𝐿𝑠𝜔𝑠
                              (15) 

  𝜑𝑞𝑟 = �𝐿𝑟−
𝑀2

𝐿𝑠
� 𝐼𝑞𝑟 

 

 

and replacing the flux in the relation (2) we obtain 

 𝑉𝑑𝑟 = 𝑅𝑟𝐼𝑑𝑟 + �𝐿𝑟−
𝑀2

𝐿𝑠
� 𝑑𝐼𝑑𝑟

𝑑𝑡
− 𝑔𝜔𝑠 �𝐿𝑟−

𝑀2

𝐿𝑠
� 𝐼𝑞𝑟                        

                                                                    (17) 
𝑉𝑞𝑟 = 𝑅𝑟𝐼𝑑𝑟 + �𝐿𝑟−

𝑀2

𝐿𝑠
� 𝑑𝐼𝑞𝑟

𝑑𝑡
   𝑔𝜔𝑠 �𝐿𝑟−

𝑀2

𝐿𝑠
� 𝐼𝑞𝑟 + 𝑔 𝑉𝑠2

𝐿𝑠𝜔𝑠
 

Where g is the slip of the induction machine and 

𝜔𝑟 = 𝑔𝜔𝑠 

 
In steady state operation the voltage expressions 

are:   

  𝑉𝑑𝑟 = 𝑅𝑟𝐼𝑑𝑟 − 𝑔𝜔𝑠 �𝐿𝑟−
𝑀2

𝐿𝑠
� 𝐼𝑞𝑟                       (16)  

   𝑉𝑞𝑟 = 𝑅𝑟𝐼𝑑𝑟 + 𝑔𝜔𝑠 �𝐿𝑟−
𝑀2

𝐿𝑠
� 𝐼𝑑𝑟 + 𝑔 𝑉𝑠2

𝐿𝑠𝜔𝑠
 

 

 It is to be noted from these expressions, one 
can generate two control strategies. As the powers and 
voltages are linked by a first order, and in the case 
where g could be neglected, one can control separately 
the active and reactive powers. Figure 3 represents a 
general case where the output depends only on the input 
without other blocks. So in the direct method we 
transform figure 4, to match the figure 3.   

 
 Figure 3: Block diagram of a decoupled relation 

 The following block diagram represent the 
different blocks showing the active and reactive powers 
as outputs and rotor voltages as inputs. 

 

 

 

 

 

 

 

 

 

 

Figure 4: Block diagram of the DFIG taking into 
account the coupling 
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3. CONTROL STRATEGIES 
 

In order to decouple the axes d and q, two terms 
𝜀𝑞 et 𝜀𝑑 which represent coupling residues and   
perturbations are introduced. We assume that the term 

𝐿𝑟 −
𝑀2

𝐿𝑠
  could be neglected if we add the constant 

term ν ( ν = 𝑉𝑠2

𝐿𝑠𝜔𝑠 
 ), figure 5 shows the system after the 

assumptions considered above [9]. 
 

Regulators synthesis: 
 
Both axes can be controlled separately; regulators 

𝑅𝑞 𝑒𝑡 𝑅𝑑 inputs are Pref - Qref, and the diphased 
voltages as outputs. These latter are applied to the 
generator (DFIG) to allow the wind turbine to rotate at 
its maximum speed, so a Proportional & Integral 
Controllers are used. These PI regulators: 

U(p)/E(s)=𝑘𝑝 + 𝑘𝑖
𝑝

, followed  as it is shown in figure 5 

by the following transfer function : 
  

𝐻 = 𝑀𝑉𝑠
𝐿𝑠𝑅𝑟+𝑝𝐿𝑠(𝐿𝑟−

𝑀2

𝐿𝑠
)
                                     (17) 

 
 

 
 
        Figure 5: Block diagram for decoupled axes 

 
Determination of parameters  𝑘𝑝 𝑒𝑡 𝑘𝑖  : 
The open loop transfer function is:  
 

𝑯 = (𝑘𝑝 + 𝑘𝑖
𝑝

) ∗ 𝑀𝑉𝑠
𝐿𝑠𝑅𝑟+𝑝𝐿𝑠(𝐿𝑟−

𝑀2

𝐿𝑠
)
            (18) 

H can also be written as: 
 

𝑯 =
(𝑝+𝑘𝑖

𝑘𝑝
)

𝑝
𝑘𝑝

∗

𝑀𝑉𝑠

𝐿𝑠�𝐿𝑟−
𝑀2
𝐿𝑠

�

𝑝+ 𝐿𝑠𝑅𝑟

𝐿𝑠�𝐿𝑟−
𝑀2
𝐿𝑠

�

                          (19) 

 
To eliminate the zeros in this transfer function we 

use poles compensation. This method is not the only 
one for the synthesis of a PI controller but it has the 
advantage to be rapidly  implemented in the case of a 
first order transfer function [8] [9]. 
 
𝑘𝑖
𝑘𝑝

= 𝐿𝑠𝑅𝑟
𝐿𝑠�𝐿𝑟−

𝑀2

𝐿𝑠
�
                                                (20) 

 
The transfer function becomes: 

𝑯 =

𝑘𝑝
𝑀𝑉𝑠

𝐿𝑠�𝐿𝑟−
𝑀2
𝐿𝑠

�

𝑝
                                               (21) 

 
The closed loop function is therefore expressed as:  

 

FTBF= 1
1+𝑝𝜏

   with   

   𝜏 = 1
𝑘𝑝

𝐿𝑠�𝐿𝑟−
𝑀2

𝐿𝑠
�

𝑀𝑉𝑠
                                           (22) 

 
so     

   𝑘𝑝 = 1
𝜏

𝐿𝑠�𝐿𝑟−
𝑀2

𝐿𝑠
�

𝑀𝑉𝑠
 and  𝑘𝑖 = 1

𝜏
𝐿𝑠𝑅𝑟
𝑀𝑉𝑠

           (23) 

 
  
 The term τ is the system response time.  
 
3.1. Indirect control 

 
 According to the equations (17), we represent 

then the system in the following form: [10]:       
 

�̇� = 𝐴𝑋 + 𝐵𝑈                                                     (24)            
𝑌 = 𝐶𝑋 + 𝐷𝑈 

 

  𝑥 = �
𝐼𝑞𝑟
𝐼𝑑𝑟
�   

 
and the rotor voltages are the inputs 

. 𝑒 = �𝑉𝑞𝑟𝑉𝑑𝑟� 

 
The state matrix A is as 

 

 

⎝

⎜⎜
⎛ − 𝑅𝑟

�𝐿𝑟−
𝑀2

𝐿𝑠
�

−
𝑔𝜔𝑠�𝐿𝑟−

𝑀2

𝐿𝑠
�

�𝐿𝑟−
𝑀2

𝐿𝑠
�

𝑔𝜔𝑠�𝐿𝑟−
𝑀2

𝐿𝑠
�

�𝐿𝑟−
𝑀2

𝐿𝑠
�

− 𝑅𝑟
�𝐿𝑟−

𝑀2

𝐿𝑠
� ⎠

⎟⎟
⎞

           (25) 

 
 
 
 
 
 
The control matrix B is in the form 
 

1

�𝐿𝑟−
𝑀2

𝐿𝑠
�
 �1 0

0 1�                                    (26) 
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The observation matrix C is the identity matrix 
(𝑌 = 𝐶 ∗ 𝑋), the input-output coupling matrix is zero. 

  
Regulators synthesis: 
 
The goal is to determine a command which allows 

the poles of the closed loop transfer function to be 
properly placed [10] according to the desired 
specifications. The poles of the transfer function are the 
eigenvalues of the state matrix; the goal is to set a linear 
state feedback control as it is shown in figure 6. The 
matrix K is established so that coupling between the 
currents is neutralized.                                        
 
 
 
 
 
 
   
              Figure 6: control state feedback 

   

With K=  �𝑘11 𝑘12
𝑘21 𝑘22

� 

 
The state equation is thus written in the following form: 
 
 𝑑𝑥
𝑑𝑡

= 𝐴𝑥 + 𝐵(𝑒 − 𝐾𝑥) = (𝐴 − 𝐵𝐾)𝑥 + 𝐵𝑒            (27) 
 

System dynamics is described by the new transfer 
matrix L=A-BK, its eigenvalues are chosen according to 
the performances demand. So by using the characteristic 
polynomial P(λ) and resolving the equations system, the 
matrix K is determined. 
  
𝑃(𝜆) = 𝑑𝑒𝑡(𝜆𝐼 − 𝐴 − 𝐵𝐾)                               (28) 

 

𝐾 = �
1 − 𝑅𝑟 𝑔𝜔𝑠 �𝐿𝑟 −

𝑀2

𝐿𝑠
�

𝑔𝜔𝑠 �𝐿𝑟 −
𝑀2

𝐿𝑠
� 1 − 𝑅𝑟

�    (29)  

 
The resulted control structure is presented in figure 7. 
The currents 𝐼𝑞𝑟 and 𝐼𝑑𝑟  are decoupled and defined 
using two PI power regulators.. 
 

 
 
 
 
 
 

 
 
 
Figure 7: Indirect control structure 
 

 
3.2. Performance analysis 

 

This section gives the comparison simulation results 
between the two control strategies in term of robustness 
and performances. For these simulations a Double Fed 
Induction Generator of 1.5 KW is considered.  

a- Following up the control signal: 

 In this first test step variations of active and 
reactive powers are applied while the machine is driven 
at fixed speed. 

 

Test conditions: 

Machine trained at 1450 rpm                                     

at t = 3s: 𝑃𝑟𝑒𝑓 goes from 0 to -2000W 
at t = 2s: 𝑄𝑟𝑒𝑓 goes from 0 to 1000 VAR 

 
 

Figure 8:  reference tracking active power and reactive 
(direct control) 
 

 
 
Figure 9: reference tracking of active and reactive 
power (indirect control) 
 
b- Sensitivity to disturbances: 

  
  This test enables us to verify the behavior of 

output powers when the rotational speed of the machine 
varies abruptly. 
Test conditions:  
machine being driven at 1350 rpm 
active power setpoint fixed at -1000 W 
fixed reactive power setpoint fixed at 1000 VAR 
at t = 2s speed changes suddenly from 1350 to 1450 
rpm. 
 

 
 

Figure 10: Effect on powers of a sudden change in 
speed (direct control) 
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Figure 11: Effect on the powers of a sudden change in 
speed (indirect control) 
 

c- Robustness: 
 

To test robustness, we vary the model parameters 
of the used DFIG. In fact in the calculations of 
regulators constants, the different parameters are 
assumed fixed. Or in a real system, these parameters 
can vary due to different physical phenomena (inductor 
saturation resistance heat etc…), and also due to 
measurements inaccuracies. 

 
Test conditions: 
 
t = 2s: resistors 𝑅𝑠 and 𝑅𝑟 multiplied by 2 
the inductance  𝐿𝑠, 𝐿𝑟and M divided by 2 
machine being driven at 1350 rpm. 
at t = 3.5 s: 𝑄𝑟𝑒𝑓 goes from 0 to  -1000 VAR 
at t = 3.5 s: 𝑃𝑟𝑒𝑓goes from 0 to 1000W 
 

 
 
Figure 12: Effect of DFIG parameter variations on Ps 
and Qs (indirect control) 
 

 
 
Figure 13: Effect of DFIG parameter variations on Ps 
and Qs (direct control) 
 
  It is to be noted that rotation speed variation 
and the generator parameters change have a weak 
impact on indirect control method. This control 
development has enabled us to highlight several 
interesting aspects for further study on the whole power 
wind production. It is obvious that direct method is 
easier to implement than the indirect one. According to 
the simulation results the indirect method is more robust 
and less sensitive to perturbations. 
 

CONCLUSION 
 
  The purpose of this work is to investigate 
control approaches of a Double Fed Induction 
Generator: a direct control without taking into account 
the coupling between the present currents and an 
indirect control based on state space approach. A 
comparison in term of robustness and stability between 
the two methods is presented through simulation results. 

As the whole presented work is based upon 
simulation, we are currently working on an 
experimental bench [12] in order to validate 
experimentally the obtained simulation results. As a 
future work, we intend to propose a real-time 
implementation of the proposed control using the 
system model and Real-Time Workshop using dSPACE 
hardware. 
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