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Abstract 
Abstract In this paper we present a new strategy of vector control for variable speed wind turbines (WT) based on Doubly-Fed 

Induction Generator (DFIG). It is based on the principle of a double flux orientation (DFOC) of stator and rotor at the same time.  

This one creates the orthogonally between the two oriented fluxes, which must be strictly observed, and therefore leads to generate a 

linear and decoupled control of the active and reactive powers. The simulation was performed using Simulink of Matlab to show the 

effectiveness of the proposed control strategy. 

 

Index Terms: Doubly fed induction generator (DFIG), wind turbine (WT), double flux Orientation control, vector control. 

-----------------------------------------------------------------------***----------------------------------------------------------------------- 

1. INTRODUCTION 

Wind energy is the way of electrical generation from 

renewable sources which uses wind turbines, concentrated in 

wind farms, to convert the energy contained in flowing air into 

electrical energy. Wind power is the world‘s fastest growing 

energy source with a growing at an annual rate in excess of 

30% and a foreseeable penetration equal to 12% of global 

electricity demand by 2020 [1,2].  

 

The DFIG has some advantages compared to the conventional 

squirrel-cage machine. It can be controlled from the stator or 

rotor by various possible combinations. Indeed, the input-

commands are done by means of four precise degrees of 

control freedom relatively to the squirrel cage induction 

machine where its control appears quite simpler [11]. The flux 

orientation strategy can transform the non linear and coupled 

DFIM-mathematical model to a linear model leading to one 

attractive solution as well as under generating or motoring 

operations [3,10]. 

 

The main idea behind all flux orientation control strategies is 

that the machine flux position or vector flux components are 

computed from the direct physic measurements. In DFIM, 

both stator and rotor currents are easily measured [4].  

 

The paper is organised as follows: In section II, the DFIG 

model in an arbitrary reference-frame is presented. In section 

III the turbine wind model is presented. In section IV the 

control strategy for this system is proposed. Finally, the results 

and conclusions are drawn. 

 

 

 

 

2. MATHEMATICAL MODEL OF THE DFIG  

The equivalent two-phase model of the symmetrical DFIG, 

represented in an arbitrary rotating d-q reference frame is [3 

,5,6,7]: 
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The Stator and rotor fluxes are given as: 
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The electromagnetic torque is expressed as: 
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3. WIND TURBINE MODEL 

The air tube around a wind turbine is illustrated in Figure 1. 

Assuming that the wind speed (V1) crossing the rotor is the 

average value between the upstream speed (V0) and the 

downstream speed (V2), the moving air mass of density ρ 

crossing the surface S  (S = πR2) per unit of time is given by 

[9]: 
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Fig -1: Air tube around the wind turbine  

 

By applying the conservation of mass to the case of the Fig.1 

we have: 

 

221100V SVSVS 
                                                   (8) 

 

Where Vi is the wind speed at station i and iS  is the cross 

section area of station i. It is considered thereafter that  1VV   

et 1SS   

 

The pressure force of the turbine rotor is given by: 
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Or equivalently,  using Eq.  (8): 
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Assuming that the speed of the wind crossing the rotor is equal 

to the average between  the non-disturbed speed of the wind in 

the front one the turbine 0V
 and the speed of the wind after the 

passage through the rotor  2V , that is to say: 
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And customarily defining an axial induction (or interference) 

factor, a, as the fractional decrease in wind velocity between 

position 0 and position 1, by: 
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Eq. (10) can be rewritten in a more useful manner: 
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The wind power extracted by the rotor is the product of the 

pressure forces the turbine rotor and the speed of the wind in 

the plan of the rotor: 

 

     23

00

2

0 14
2

1
114

2

1
aaSVaVaaSVFVPtu  

         (14) 

 

Theoretically, a non-disturbed wind crosses this same surface 

S  without reduction of the speed which is 0V
, the 

corresponding theoretical power thP
would be then: 
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The ratio between thP
 and tuP

, called the power coefficient Cp 

is then: 

 

 2
14 aa

P

P
C

th

tu

p 

(16)  

 

The result is shown in Fig. 2. 

 

The power coefficient has a maximum . This 

theoretical value is well-known as ‗Betz limit‘ which 

determines the maximum power that can be extracted from a 

given wind speed. This limit cannot be reached in reality. 

Therefore, each wind turbine is defined by its appropriate Cp 

versus the tip-speed ratio λ, where: 
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Fig -2: Power coefficient versus wind speed ratio 



IJRET: International Journal of Research in Engineering and Technology                        ISSN: 2319-1163 

 

__________________________________________________________________________________________ 

Volume: 02 Issue: 03 | Mar-2013, Available @ http://www.ijret.org                                                            382 

The mechanical power will be written then: 
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This expression allows obtaining a set of characteristics 

presenting the generator mechanical power depending both on 

the wind and rotating speeds. The result is shown in Fig.3. 
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Fig-3: Characteristics of mechanical power versus wind and 

rotating speeds 

 

3. DOUBLE FLUX ORIENTATION STRATEGY 

 

This strategy consists to turn the rotor flux towards d axis, and 

the stator flux towards q axis. After orientation the stator and 

rotor fluxes are presented in Fig. 4 

 
Fig-4: DFIG vector after orientation 

 

Consequently, the two fluxes become orthogonal and we can 

write: 
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If resistance  is neglected we have: 
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Introducing Using (19) in (6) the developed active power and 

reactive power can be rewritten as follows: 
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Where: 

 

rd

s

sr

sd i
L

M
i 

                                                        (22) 

rq

sr

r
sq i

M

L
i 

                                                        (23) 

 

Where: 

rq

sr

r
s

rd

s

sr
s

i
M

L
VQ

i
L

M
VP





                                                          (24)   

 

4. SIMULATION RESULTS 

  

The system described above is simulated using Matlab - 

SimulinkTM. 
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Fig -5: Reactive power versus time. 

 

0 0.5 1 1.5 2 2.5 3

0

0.5

1

1.5

2

temps (S)

fl
u
x
s
 r

o
to

ri
q
u
e
 (

W
e
b
)

phirq (Web)

phird  (Web)      

 
 

Fig-6:  Active power versus time 
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Fig.7: Rotor fluxes versus time. 
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Fig-8: Stator fluxes versus time. 

 

We see in fig.5and Fig.6 that the corresponding power follows 

the reference signal from 0.21s. In fig.7 and fig.8, the stator 

and rotor fluxes are presented versus time and where we can 

observe clearly the fluxes orientation strategy. Thus show the 

effectiveness of the proposed control strategy. 

 

CONCLUSIONS 

Access to the stator and rotor windings is one of the 

advantages of the wound rotor induction machine compared to 

the conventional squirrel-cage machine. The DFIG offers the 

possible control of the active and reactive powers. The 

simulations results of this strategy control present clearly the 

orientation of fluxes of the stator and rotor with respect to 

time. The first advantage of this strategy is the transformation 

of the nonlinear and coupled DFIG mathematical model to a 

linear and decoupled one. The second advantage consists of 

the non use of a controller. The simulation results prove that 

the proposed wind power generator is feasible and has certain 

advantages.  

 

NOMENCLATURE 

QP,
    Stator active and reactive powers. 

sqsd VV ,
 d- and q-axis components of the stator voltage.   

rqrd VV ,
  d-and q -axis components of the rotor voltage.   

sqsq ii ,
  d- and q-axis components of the stator current . 

rqrd ii ,
 d- and q-axis components of the rotor current. 

sR
  Stator phase resistance. 

rR
  Rotor phase resistance. 

 srM
Mutual inductance between the stator and rotor. 

 sL
 Stator inductance. 

rL
  Rotor inductance. 

P      Number of poles of the induction machine. 

s
   Stator  pulsation. 

r     Rotor pulsation. 

emC
  Electromagnetic torque. 

sqsd  ,
d- and q-axis components of the stator flux linkage. 

rqrd  ,
 d- and q-axis components of the rotor flux     linkage. 
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