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Abstract— Wind energy is a source of energy that depends 

on the wind, is a kinetic energy of moving air masses around the 
globe, Wind energy is an indirect form of solar energy: the solar 

rays absorbed in the atmosphere lead to differences in 

temperature and pressure. The development of variable-speed 

wind technology and at constant frequency has today become a 

major area of interest in achieving a successful rapid and global 
migration towards this type of energy. The aim of this work is to 

implement robust nonlinear control techniques of a wind system 

based on a double star asynchronous generator, to 

independently control the active powers and reactive exchanged 

between the stator and the network. The objective is to assess 
the relevance and performance of advanced control techniques, 

such as (adaptive fuzzy control, Hybrid control, control by 

backstepping, control by sliding mode, etc. allows to achieve the 

desired performance. These nonlinear control techniques 

applied on this type of system ensuring convergence in finite 
time and robustness against parametric uncertainties and 

external disturbances, which is one of the main contributions of 

this work. 

Keywords— Nonlinear system, nonlinear control, wind energy, 

wind system, generator double star asynchronous, adaptive 

control. 

I. INTRODUCTION  

Energy demands are ever-increasing, sources of fossil 

fuels declining and concerns about pollution levels in the 

environment are the main motivations for the production of 

electricity based on energy sources renewable. Renewable 

energies, such as solar, wind, and tidal energies are clean, 

inexhaustible, and environmentally friendly energies. 

Because of all these factors, wind power generation has 

attracted great interest in recent years. 

The proliferation of wind turbines has led electrical 

engineering researchers to carry out investigations in order to 

improve the efficiency of the electromechanical conversion 

and the quality of the energy supplied. The asynchronous 

machine in variable speed drives poses a certain number of 

difficulties making its control more complex compared to that 

of a direct current machine. Joint progress in power 

electronics and digital electronics now makes it possible to 

approach speed control variables in low, medium, and high-

power applications. Jointly to these technological advances, 

the scientific community has developed various approaches 

to command (scalar command, command by state feedback, 

DTC command, vector control, etc.), to control the flow and 

torque of machines in real-time electric, by the advantages 

(high efficiency, low weight, small dimensions, fast 

operations, and very high-power density). 

In this general conference, our study concerns the vector 
control of a self-excited double star asynchronous generator in 

wind energy conversion into electrical energy. We are also 
interested in studying and modeling the wind turbine and the 

double star asynchronous generator, in order to apply the 
control technique vector using conventional regulators, and on 

the other hand to evaluate the performance of the wind 

generator based on the DSIG connected to the isolated city 

[1,3,6,7]. 

II. WIND TURBINE AND GEARBOX MODELING 

A. Turbine Model 

Wind energy is the recoverable kinetic energy of air 

passing through a certain surface , the power is proportional 

to the cube of the wind speed [1]: 
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The relationship between wind speed and aerodynamic 

power extracted from the wind can be described as follows 
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with: 

Pwind: wind power [W]. 

Paer: aerodynamic power of the wind turbine [W]. 

ρ: air density [kg/m3]. 

R: radius of the turbine in meters [m]. 

Cp: power coefficients. 

λ: relative speed. 

β: orientation angle of the blades in degrees [°]. 

Vwind: wind speed in [m/s] 

 

 



The power coefficient can be defined by: 
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where the chosen coefficient values of c1-c6 in this 

conference are: 

TABLE I.  THE VALUES OF THE COEFFICIENTS OF CP 

C1 C2 C3 C4 C5 C6 

0.1576 116 0.4 5 21 0.0068 

 

The torque of the turbine is the ratio of the transmitted 

power to the shaft speed Ωt. It is given by:  
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B. Gearbox Model 

The optimum speed of the current turbines is in the vicinity 

of a few tens of revolutions per minute. This requires the 
introduction of a gearbox between the turbine and the 

electrical machine whose gear ratio G is chosen in order to set 
the generator shaft speed within the desired speed range. 

Neglecting the transmission losses, the torque Tt and shaft 

speed of the wind turbine Ωt, referred to as the generator side 

of the gearbox, are given by [1]: 

 mec

turb

G


=


 , t

g

T
G

T
=  () 

with : 

G: multiplier ratio. 

Tt: turbine torque of the turbine [N.m]. 

Tg: generator torque [N.m]. 

Ωturb: turbine speed [rad/s]. 

Ωmec: Mechanical Speed Of The Generator [rad/s]. 

The mechanical equation can be expressed as: 
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The total inertia JT is made up of the inertia of the turbine 

brought back to the fast axis Jturb, and the inertia of the 

generator J. 
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with : 

Tem: electromagnetic torque [N.m]. 

Jturb: inertia of the turbine [kg.m2]. 

J: generator inertia [kg.m2]. 

The block diagram of the turbine model with the control of the 

speed is represented in Fig.1 
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Fig. 1. Block diagram of the turbine model with variable speed control [1]. 

III. MODELING OF THE DSIG 

The writing of the DSIG model in a two-phase frame (d, 
q) linked to the rotating field is obtained by using the 

normalized Park transformations in order to conserve power. 
By applying these transformations to the voltages as well as to 

the stator fluxes, we obta in the electric and magnetic models. 
The representation of the windings of the DSIG in the Park 

frame is given in Fig.2 [3]: 
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Fig. 2. Representation of the DSIG model in (dq) frame [2]. 

A. Forming an Equation of State 
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with :  

s: Speed of the synchronous  

r: Rotor electrical angular speed 

2 3
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with :  

Lm: Magnetizing inductance 

Im: Magnetizing current 

  where the values of b1; b2; b3; b4 are: 

TABLE II.  THE VALUES OF THE COEFFICIENTS OF LM [2]. 

b1 b2 b3 b4 

0.1406 0.0014 -0.0012 0.00005 
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where  1 1ds s md mL l L l= + +   , 1 1qs s mq mL l L l= + +   , dr r mdL l L= +   , qr r mqL l L= +   , 2 2ds s md mL l L l= + +  

            2 2qs s mq mL l L l= + +    ,  m md mqL L L= =     ,  0dqL =     

 

IV. SIMULATION AND DISCUSSION OF RESULTS 

A. Simulation 

The following Fig. 5 presents the vector control of the 

DSIG, with estimator of the magnetization inductance. 

The complete wind conversion chain was simulated under 

the Matlab / Simulink environment. The performances of the 
vector control to maintain the voltage at the output of the two 

rectifiers constant whatever the driving speed in a range of 

feasibility, these performances will appear in the following; 
From the series of numerical simulation in which we have 

made simulation, will be with the control which shows its 
essence to make the tension constant whatever the driving 

speed. 

To see the vector control performance, we trained the 
DSIG at several speeds, as shown in Fig. 6, Fig. 7, and Fig. 8. 

The reference voltage is fixed at the value Vdc* = 350 V  
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Fig. 3. Vector control algorithm of the double star asynchronous generator [3]. 



 
Fig. 6 Performance of the vector control of the DSIG-PWM rectifiers with Wr fixed. 

 

 
Fig. 7 Performance of the vector control of the DSIG-PWM rectifiers with Wr variable. 

 

 
Fig. 8 Performance of the vector control of the DSIG-PWM rectifiers with a Wr wind turbine 

 

B. Discussion of Results 

According to Figure. 6, we note that the DC bus voltage 

Vdc is perfectly controlled at its reference (Vdc*= 350V) at a  

response time of value tr = 8s. 

Figure. 7, shows that the DC bus voltage is stable and 

robust in the presence of variations in drive speed. 

In Figure. 8, we notice that the DC bus voltage (Vdc) 

generally follows its reference value with a response time of 

tr = 1.51s, with a remarkable static error. 

V. CONCLUSIONS 

The objective of this conference is to present the oriented 

rotor flux vector control of a DSIG. Two conventional PI 
correctors are introduced to control the flux and the DC bus 

voltage. A magnetizing inductance estimator is used. The 
control system is subject to variations in the drive speed (wind 

turbine). The analysis of the different results obtained shows 
the acceptable performance of this wind generator in general 

terms. Always with the aim of seeking to improve the quality 

of the electrical energy generated by the wind generator based 
on the DSIG, it is proposed to replace the PI regulators with 

other regulators such as: regulators based on the techniques of 

artificial intelligence (fuzzy, neuron, etc.) [2]. 

 

 

 

 

 

 

 



Appendix A. DSIG parameters 

no-load voltage  V =225Vn   

no-load current  I 2.83 An =   

First stator winding resistance  R 1.9 1s =    

Resistance of the second stator winding  R 1.9 2s =    

Rotor resistance  R 2.1 r =    

Leakage inductance of the first stator winding  l 0.0132 1 Hs =   

Leakage inductance of the second stator winding  l 0.0132 2 Hs =  

Rotor leakage inductance  l 0.0132 Hr =   

Mutual leakage inductance  l 0.011 Hm =   

Moment of inertia  2J=0.038 kg.m   

coefficient of friction  K 0 N.m.s/radf =   

Rated frequency   = 50 Hzf   

Number of pole pairs   = 2p   

 

Appendix B. Turbine parameters 

Nominal power   P 7.5KWn =   

Wind radius   R = 3.24 m   

Shaft inertia   2J 2 .Kg mT =   

viscous coefficient of friction   1K 0 . .f N m S−=   

Time constant value    = 4 s   

Area density   3 = 1.25 Kg.m −   

Number of blades    

Speed multiplier gain   G = 8.3   

Pitch angle    = 2    
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