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Abstract —  In this paper, we propose a vector control of a 

doubly fed induction generator (DFIG) for variable speed wind 

power generation. The model is developed based on the dual 

powered generator for the control of the active and reactive 

powers. Several studies are carried out to test their operation 

under different wind conditions. The results have shown good 

performances of the wind energy converter system operate 

under wind variations with indirect vector control strategies. 

Keywords — Wind, Turbine, Doubly Fed Induction 

Generator, DFIG, Direct Vector control, Indirect Vector 

control, Active powers, Reactive powers. 

I. INTRODUCTION 

To coincide with worsening concerns about depletion of 
fuel reserves worldwide, as well as carbon dioxide emissions, 
has found renewable sources of energy more attention [1], In 
recent years, the field of wind energy has grown rapidly, For 
the European Union, wind energy production accounted for 
10.5% of the electricity generation mix in 2011, while in 2000 
it was 2.2%, These percentages show that wind power has 
become a particularly important source of electricity 
generation in many countries and is expected to provide more 
electric power in the future. [2].  

Most of turbine generator technology installed in power 
systems today is the doubly fed induction generator (DFIG) 
[1], [3]. The DFIM is a variable speed machine, but can deliver 
power with a constant voltage and frequency, as its rotational 
speed of the rotor fluctuates. When a bidirectional converter is 
installed, the range of rotor speed can be prolonged beyond the 
synchronous speed; consequently, the electrical power is 
produced from the stator and rotor [3]. The DFIG offers more 
advantages: better efficiency, variable speed to obtain the 
maximum power extracted from the wind, adaptable power 
factor, ability to control reactive power and less converter [3]. 
The large penetration of wind power generation in the grid will 
affect the system’s stability, particularly the voltage stability; 
consequently, the effect of the DFIG on system stability has 
become the subject of intense research in recent years. [3]. 

The method of controlling the DFIG organized in this 
article is given as follows:  

- Supply a synthesis of the fundamental principles and 
current schemes of the turbine and DFIG  
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- Provides the details of a control overall system   

- Gives the analysis, the results, and concludes the 
main findings of the research. 

II. MODEL DESCRIPTION  

A typical wind turbine is comprised of a generator, a 
gearbox, a converter and the transformer [4]. The converter 
connecting the rotor of generator and a source of three phase 
power [5]. A schematic diagram of a typical conversion system 
is shown in Figure 1: 

 

Figure 1.  Schematic diagram of a typical conversion system in a wind 

turbine 

In the case where the wind speed is low, the inverter 
receives power from the grid and sets the magnetization of the 
stator [4]. 

III. TURBINE MODELE 

By applying the theory of momentum and Bernoulli's one 
can determine the incident power due to wind, which is given 
by the following equation, [6]: 

𝑃𝑣 =
1

2
. 𝜌. 𝑆. 𝑣3 (1) 
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with: 

S: is the area of the wind wheel (m2); 

ρ: the air density (ρ=1.225 kg /m3 atmospheric pressure 15ºC); 

v: wind speed (m/s); 

The mechanical power captured by the turbine from the 
wind is given by the following expression: [7]: 

  31
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Where  ,
p

C   is the power coefficient of the turbine, 

ratio λ is the tip speed ratio and 𝛽 is the pitch angle. The tip 
speed ratio is given by the following equation: [6]:  

𝜆 =
𝑅.  Ωturbine

𝑣
 (3) 

Where R is the turbine radius,Ωturbine  the speed of the turbine 

Maximum value of Cp is fixed by Betz constant, as follows 
[6], [7], [8]: 
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Can be modeled with a power coefficient equation that 
depends on the speed ratio λ  and the orientation angle β of the 
blades. For example, expression of a wind turbine power 
coefficient of 1.5 MW is approximated by the equation [9]: 
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Figure 2.  Evolution of the power coefficient with the variation 

of the relative speed of the turbine. 

The characteristic of the speed relative to the power factor 
for the different values of λ is shown in Figure 2. This gives a 
maximum power coefficient of 0.5 for a speed ratio λ which is 
9.2 (λ opt) [9]. 

The aerodynamic torque on the slow axis can be expressed 
by equation 5: 

𝐶𝑎𝑒𝑟 =
𝑃𝑎𝑒𝑟

Ωturbine
= 𝐶𝑝(𝛽, 𝜆)

1

2
𝜌𝑆𝑣3

1

Ωturbine
 (5) 

The total inertia J  is made up of the turbine inertia brought 
on the fast axis and inertia generator J g. 

           𝐽 =
𝐽𝑡𝑢𝑟𝑏𝑖𝑛𝑒

𝐺2
+ 𝐽𝑔 (6) 

with : 

J turbine: inertia of the turbine 

J g: inertia of the generator. 

To determine the evolution of the mechanical speed from 
the total torque Cmec applied to the rotor of DFIG, the basic 
equation is applied to the dynamic: 

𝐶𝑔 − 𝐶𝑒𝑚 = 𝐽.
𝑑Ω𝑚𝑒𝑐

𝑑𝑡
+ 𝑓.Ω𝑚𝑒𝑐  (7) 

Ω méc : mechanical speed of DFIG. 

Cem: electromagnetic torque. 

f: coefficient of friction. 

IV. EXTRACTION TECHNIQUES OF HIGH POWER   

In this part, we present various strategies to control the 
electromagnetic torque (and indirectly the electromagnetic 
power converted) to adjust the mechanical speed to maximize 
the generated electric power.  

 The servo control without mechanical speed; 

 The servo control with mechanical speed;  

A. Maximizing power without speed control 

If the wind speed is measured and the mechanical 
characteristics of the wind turbine are known, it is possible to 
derive real-time optimal mechanical power that can be 
generated with the monitoring of maximum power point 
tracking (MPPT). The optimal mechanical power can be 
expressed as [10] 

Cemref
=
1

2

Cpmax

λopt
3 . ρ. π. R5.

Ωmec
2

G3
 (8) 

Where optλ the optimum tip speed ratio    

 

Figure 3.  Block diagram of maximizing the power extracted 

without speed control. 
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From this equation, we can construct the block diagram of 
maximizing the power without speed control, shown in figure 
3.  

B. Maximizing power with speed control 

In order to extract the maximum power of the incident 
wind, permanently must adjust the rotational speed of the 
turbine to the wind. The speed of DFIG is used as a reference 
value for a proportional-integral controller type (phase lead PI) 
as shown in the following figure:  

 

Figure 4.  Block diagram of maximizing the power extracted with 

speed control. 

This determines the control set point which is the 
electromagnetic torque that should be applied to the machine 
to run the generator at its optimal speed. The pair thus 
determined by the regulator is used as reference variable 
torque model of the turbine (Figure 4) pitch angle of the blades 
is changed  (variation of the angle of incidence) to change the 
ratio between lift and drag. To extract the maximum power 
(and keep constant), adjusting the angle of the blades to the 
wind speed. 

𝐶𝑒𝑚−𝑟𝑒𝑓 = 𝐶𝑎𝑠𝑠. (Ω𝑟𝑒𝑓 −Ω𝑚𝑒𝑐) (9) 

V. ACTIVE AND REACTIVE POWERS CONTROL OF 

THE DFIG  

 

Figure 5.  Voltage and stator flux Orientation.. 

For the vector control of this generator, it is necessary to 
choose a reference related to the rotating field. The cue Park 

would, therefore, synchronized with the stator flux [12], whose 
axis is aligned with the stator flux vector, as shown in figure 5. 

A. Modeling of the DFIG  

The dynamic equations of the DFIG in the reference d-q 
can be written as follows [12], [8]. 

The voltages equations are given by: 

{
 
 
 

 
 
 𝑉𝑑𝑠 = 𝑅𝑠𝐼𝑑𝑠 +

𝑑𝜑𝑑𝑠
𝑑𝑡

− 𝜔𝑠 𝜑𝑞𝑠    

𝑉𝑞𝑠 = 𝑅𝑠𝐼𝑞𝑠 + 𝜔𝑠𝜑𝑑𝑠 + 𝜔𝑠 𝜑𝑞𝑠

𝑉𝑑𝑟 = 𝑅𝑟𝐼𝑑𝑟 +
𝑑𝜑𝑑𝑟
𝑑𝑡

− (𝜔𝑠 − 𝜔)𝜑𝑞𝑟

𝑉𝑞𝑟 = 𝑅𝑟𝐼𝑞𝑟 +
𝑑𝜑𝑞𝑟

𝑑𝑡
+ (𝜔𝑠 − 𝜔)𝜑𝑑𝑟

 (10) 

The flux equations are given by: 

{
 

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

 (11) 

The arrangement of the equations (10) and (11) gives the 
expression of the rotor voltages according to the rotor currents 
by: 

𝑉𝑑𝑟 = 𝑅𝑟𝐼𝑑𝑟 + (𝐿𝑟 −
𝑀2

𝐿𝑠
)
𝑑𝐼𝑑𝑟
𝑑𝑡

− 𝑔𝜔𝑠 (𝐿𝑟 −
𝑀2

𝐿𝑠
) 𝐼𝑞𝑟                

𝑉𝑞𝑟 = 𝑅𝑟𝐼𝑞𝑟 + (𝐿𝑟 −
𝑀2

𝐿𝑠
)
𝑑𝐼𝑞𝑟

𝑑𝑡
+ 𝑔𝜔𝑠 (𝐿𝑟 −

𝑀2

𝐿𝑠
) 𝐼𝑑𝑟 + 𝑔

𝑀𝑉𝑠
𝐿𝑠

 (12) 

The torque equation is represented as follows: 

𝐶𝑒𝑚 = 𝑝
𝑀

𝐿𝑠
(𝐼𝑞𝑟𝜑𝑑𝑠 − 𝐼𝑑𝑟𝜑𝑞𝑠) (13) 

The supplied active and reactive power is defined as 
follows: 

{
𝑃𝑠 = 𝑉𝑑𝑠𝐼𝑑𝑠 + 𝑉𝑞𝑠𝐼𝑞𝑠
𝑄𝑠 = 𝑉𝑞𝑠𝐼𝑑𝑠 − 𝑉𝑑𝑠𝐼𝑞𝑠

 (14) 

Adopting the assumption of a negligible stator resistance 
Rs and the stator flux is constant and oriented along the axis, 
we deduce: 

φds = φs      et      φqs = 0 

{
𝑉𝑑𝑠 =

𝑑𝜑𝑠
𝑑𝑡

= 0

𝑉𝑞𝑠 = 𝑉𝑠 = 𝜔𝑠𝜑𝑠

  (15) 

The stator active and reactive power can be expressed as 
the rotor currents as follows: 

 𝑃𝑠 = −𝑉𝑠
𝑀

𝐿𝑠
𝐼𝑞𝑟              

𝑄𝑠 =
𝑉𝑠
2

𝐿𝑠𝜔𝑠
− 𝑉𝑠

𝑀

𝐿𝑠
𝐼𝑑𝑟

 (16) 

 

From the Presidents equations we can construct the scheme 
of DFIG illustrated in figure 6: 
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Figure 6.  Simplified diagram of the DFIG 

B. Direct Control of Active and Reactive Powers 

In this method using two PI controllers; two control the 
machine, we will set up a control loop of each power (Ps and 
Qs) with an independent regulator while compensating the 
disturbance terms that are present in the block diagram in 
Figure 6. We neglect the terms of coupling between the two 
axes of control because of the low value of the slip. We obtain 
a vector control with a single controller per axis, shown in 
Figure 7, [12], [13]. 

 

Figure 7.  Block diagram of the direct control. 

C. Indirect Control of Active and Reactive Power 

1) Indirect control loops without the power:  

 

Figure 8.  Block diagram of indirect control in open loop. 

 

 

 

The rotor currents irq and ird, respectively images of the 
stator active and reactive power Ps and Qs, should continue 
their current references, [12]. 

2) Indirect control loops with the Powers: 
   

To improve the previous control, we will incorporate 
additional control loop at the powers to eliminate the static 
error while preserving the system dynamics [13]. 

 

Figure 9.  Block diagram of indirect control in closed loop. 

VI. SIMULATION RESULTS  

The direct active and reactive power control algorithm is 
simulated on the MATLAB/SIMULINK platform. In this 
section the simulation results are presented in order to 
highlight the robustness of the proposed algorithm. The system 
is subject to wind speed of 7.5 m / s. 

The active power reference is given by the power supplied 
by the turbine is given by two constant values ranging between 
(1000 and 1500). Simulation results are shown in the following 
figures: 

 

Figure 10.  Mechanical speed Wm (tr/min). 
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Figure 11.  Power Pe (Watt). 

 

Figure 12.  Reactive power Qs (Var) 

 

Figure 13.  Active power Ps (Watt) 

 

 

 

 

 

 

 

Figure 14.  Rotor current Ir (A). 

 

Figure 15.  Stator current Is (A) 

Figure 16.   

To summarize these results with either the speed control 
strategy, Figure 10 and 11 show the mechanical speed and its 
reference and the electrical power obtained with the two types 
of control. 

The simulation results corresponding to this control 
algorithm show that variation of the speed of the generator is 
adapted to the variation of the wind speed, the electromagnetic 
power into electrical power produced is very fluctuating. 

The simulation results shown in Figures 12, 13, 14 and 15 
shows the different curves obtained by controlling the active 
and reactive power generated in the stator of the DFIG. This 
command has to decouple the active power is reactive 
generator. The quadrature component of the rotor current 𝑖𝑞𝑟 
control the electromagnetic torque and the direct component 
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𝑖𝑑𝑟 control reactive power exchanged between the stator and 
the network. 

The technique of indirect closed loop control (power loop) 
is more efficient than direct control that has more disturbances 
between the two powers. Indirect control loops with and 
without powers have almost the same performance. However 
those without powers loop is faster because it uses four 
controllers. 

VII. CONCLUSION 

In this paper, an approach has been proposed to control the 
active and reactive power and improve the quality of the grid 
power using a WECS equipped by a DFIG.  

Simulation results confirm the effectiveness and 
robustness of the proposed DPC strategy during various 
operating conditions and parameter variations. 

VIII. PARAMETERS DE SUMULATION 

TABLE I.  TURBINE PARAMETERS  

Balde radius, R 35.25 

Number of blades 3 

Gearbox ratio, G 90 

Moment of inertia, J 1000 Kg.m2 

Viscous friction coefficient, f 0.0024 N.m.s-1 

Cut-in wind speed 4 m/s 

Cut-out wind speed 25 m/s 

Nominal wind speed, v 16 m/s 

TABLE II.  DFIG PARAMETERS 

Rated power, Pn 1.5 MW 

Stator rated voltage, Vs 398/690 V 

Rates current, In 1900 A 

Rated DC-link voltage UDC 1200 V 

Stator rated frequency, f 50 Hz 

Stator inductance, Ls 0.0137 H 

Rotor inductance, Lr 0.0136 H 

Mutual inductance, M 0.0135 H 

Stator resistance, Rs 0.012 Ω 

Rotor resistance, Rr 0.021 Ω 

Number of pair of poles, P 2 
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