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Abstract-  Due to the ever-growing demand for electrical energy and taking into count environmental constraints, the 

production of electricity from wind energy is nowadays of an imperative and remarkable interest. Indeed, the installations of 
wind energy conversion system continue to spread thanks to their possibility of operating at variable speed, thus causing the 
improvement of the efficiency of the conversion. This motivated us to study a wind power conversion structure based on a dual 
power generator, the rotation speed of which is provided by a sliding mode controller. The goal of this work consists of 
modeling, simulation under the MatLab / Simulink environment and the analysis and evaluation of the performance of such a 
wind energy conversion system under the effect of the variation of the wind speed. . The results obtained show a clear 
improvement in performance and better quality of the energy produced. 
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1. Introduction.  

The field of electrical energy production throughout the 
world remains dominated by the use of fossil resources: coal, 
natural gas, petroleum, uranium, etc.... [1]. In addition, the 
requirements to ensure the comfort of the population and the 
ever increasing need of industrial systems in terms of 
electrical energy have forced electricity producers to use a 
large amount of fossil fuels [2]. This screen-imposed 
electricity production technology has proven to be the 
indisputable cause of greenhouse gas emissions and is 
therefore the main consequence of atmospheric pollution. 
The first universal climate agreement was approved on 
December 12, 2015 [3]. 

Following this observation, the most appropriate 
solution to face the problem of pollution due to the excessive 
consumption of fossil fuels and this while ensuring the 
energy demand of consumers, significant encouragement 
from decision-makers in the most industrialized countries has 
been launched in terms of the challenge to produce electricity 
from renewable energies to replace fossil fuels [4]. 

To this end, the majority of countries around the world 
have set objectives to be achieved consisting of producing a 
particular quality of electrical energy for a given future 
period. For example, Algeria intends to position itself as a 
main player in the production of 15,000 MW of electricity by 
2035, including 4,000 MW by 2024 and this from renewable 
resources [5]. 
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The renewable energies (RE) are in abundance and 
potential on the planet. Otherwise RE do not emit 
greenhouse gases therefore their use is a solution to prevent 
environmental degradation. However, the adoption of a 
particular renewable resource (solar, wind, geothermal, etc...) 
is mainly linked to the geographical situation of each 
country. 

In this work, we are interested in wind energy 
conversion system (WECS). Wind power is among the most 
widely used RE technologies around the world where the 
wind is used to produce electricity using the kinetic energy 
produced by air in motion. The efficiency of WECS depends 
mainly on the wind speed. However, due to the random 
nature of the wind speed it is necessary to alleviate this 
problem by using adequate controls to extract the maximum 
power in all possible atmospheric conditions. Thus the 
majority of WECS requires variable speed operation of the 
generator which could be an Induction Generator (IG), 
Permanent Magnet Synchronous Generator (PMSG) and 
Dual Feed Induction Generator (DFIG) [6, 7]. 

However, the most relevant configuration of the WECS 
is that based on a GADA equipped with a powerful control to 
produce the quantities of the desired active and reactive 
power and a frequency adapted to the load and essentially to 
that of the network, in the case of an installation connected to 
the distribution network [8]. 

Indeed, the wind turbine performance equipped with the 
double feed induction generator with adjustable speed is 
improving the system efficiency compared to WECS with 
fixed speed generator [9, 10]. For this purpose, in this paper 
the speed sliding mode controller is proposed in order to 
track the optimal reference whatever the wind speed and the 
vector oriented control (VOC) is used to simplify the 
dynamic mode of the DFIG. 

In addition, considering the configuration of the WECS, 
the stator of the DFIG is directly coupled to the network with 
a constant frequency when its rotor is connected to the same 
distribution network but through power converters, where the 
regulation of the DFIG rotor speed with SMC for maximum 
wind power capture and the power captured is converted into 
electrical power by the generator. 

This adjustment method consists in determining first the 
surface of adequate slip, as well as the equivalent and 
nonlinear value for each quantity to be regulated [10, 11]. 
The content of this article is structured in three (3) parts 
which are presented as follows: 
In the first part we present the description of the system, and 
the modelling of the parts constituting this studied wind 
conversion system, each element of the chain is defined and 
its mathematical model is developed. The second part is 
devoted to the simulation results and their analysis and 
discussion. Finally a conclusion which sums up the work 
done is given in the fourth part. 

2. Modelisation of the System  

The conversion system to be studied consists mainly on 
three (03) parts: a mechanical part, an electrical part and the 
control system [10]. 

 Fig. 1. Configuration of the proposed WECS  

 

2.1. Mechanical part 

The mechanical part contains the wind turbine and a 
multiplier [12]. 
 
The wind turbine is a device that transforms wind energy 
into mechanical energy. The mechanical power Pm 
available on the shaft of a wind turbine can be expressed 
by: 
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By replacing Eq (2) in Eq (1), we get: 
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Pe: wind power; Pm: mechanical Power; ρ : air density; 
Vw : wind speed (m /s); A: swept area; R : radius of the 
wind generator; Cp: power coefficient. 
Where, 
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β: wedge angle;  λ : Specific speed;  ωm: mechanical speed. 
 
 The torque produced by the turbine is: 
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ωt: turbine speed. 
The optimal power is given by this relation: 
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The speed multiplier is used to increase the speed of 
rotation between the primary and the secondary shaft which 
drives the electric generator. Its role is to transform the 
mechanical speed of the turbine into the speed of the 
generator, and the aerodynamic torque into the torque of the 
multiplier according to the following mathematical formulas: 
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Caero: turbine torque; Cg: multiplier torque. 

The fundamental equation of dynamics makes it possible to 
determine the evolution of the mechanical speed from the 
total mechanical torque (Cmec) applied to the rotor: 

                    dt
d

JC m
mec

ω
=

                                              (12) 

J: the total inertia returned to the generator shaft, comprising 
the inertia of the turbine, generator, two shafts, and 
multiplier. 
The mechanical torque deduced from this simplified 
representation is the sum of all the torques applied to the 
rotor: 

                       femgmec CCCC −−=
                               (13) 

Cem: electromagnetic torque developed by the generator; Cg : 
torque resulting from the multiplier; Cf : resistant torque due 
to friction. 

                         mff KC ω.=
                                           (14) 

 

2.2. Electrical part 

The electrical part contains a dual power generator and 
power converters. 
 
The DFIG has a three-phase stator identical to that of 
conventional asynchronous machines and a rotor also 
containing a three-phase winding accessible by three rings 
fitted with sliding contacts. Its stator is directly connected to 
the electrical network. On the other hand, its rotor is 
connected to the same electrical network, but through static 
power converters [13, 14]. The equivalent circuit of the 
DFIG is: 
 

 

 

 

 

 

 

 

 

Fig. 2. DFIG electrical model 

 

To reduce the complexity of the equations we use the 
matrix P(θ) for a transformation d-q 
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 Voltage equations 
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 Powers equations 
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 Torque equation 
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 Flux equations                                                                              
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In this structure, two converters; the rotor side converter and 
the line side converter, are voltage converters that use 
controlled switching power electronics (IGBT). 
 The three-phase rotor is connected to the rectifier by slip 
rings and brushes, and the three-phase stator is directly 
connected to the network. 
The power captured by the wind turbine is converted into 
electrical energy by the DFIG and it is transmitted to the 
network by the stator and the rotor windings. 
The control signals of the inverter switches are obtained from 
the pulse with modulation (PWM) command, its principle is 
the intersection of the sinusoidal reference signal with a 
triangular signal. 

2.3. Control system 

 

 

 

 

 

 

 

 

 

Fig. 3. The control system 

 
The disturbance of the wind chain due to the random 
available wind forces us to apply an MPPT control to extract 
the maximum power generated [15]. 

The second type of control is applied to control the speed; it 
is based on the SMC [16, 17]. 
To design a SMC speed, we consider the following system: 
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The existence rule of the SMC is S = 0 to ensure that the 
system reaches the surface of the slip. 
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The Lyapunov function is a very used method to study the 
existence of SMC 
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      By replacing (22) in the (25) 
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We have, 
                  Te =Temeq + Temn                                                (28) 
 
Temeq: equivalent element; Temn: discrete element. 
Then (27) becomes: 
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When the system reaches the surface S accordingly it 
satisfies the linear differential equation 0)( =ωS ,   
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Replacing expression Eq (30) in Eq (29) we obtain: 
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To ensure Lyapunov convergence: 
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3. Simulation Results 

    The WECS operational analysis is examined under two (2) 
different wind profiles: The first profile is formed, mainly, 
by two (2) constant wind levels of respective values 7m/s 
and 9.5m/s; and two intervals where the speed increases 
progressively between the instants 1.5s and 2.5s on the other 
hand in the last part of the profiles, the speed decreases from 
9.5m/s to 6m/s. Concerning the second profile under which 
the WECS is requested, the wind speed changes randomly 
“Fig.4”. The quantities recorded for each of these profiles, in 
particular, the power coefficient, turbine power, DFIM 
speed, stator current, finally passive and reactive speed are 
shown in fig Fig.4 and Fig.5, respectively. We notice that the 
power coefficient changes depending on the evolution of the 
wind profile so that the maximum power is extracted (see the 
figure just below). In addition, the DFIG speed perfectly 
follows the changes in the speed reference levels during each 
interval proving that the sliding mode setting undoubtedly 
ensures good performance. 
 
                                             
 

 

 

 

 

 

 

 

 

Fig. 4. Turbine side quantities for a variable wind by steps 

 

 

 

 

 
 

 

 

 

 

Fig. 5. Network side quantities for a variable wind by steps 

Concerning the quantities on the network side, in particular, 
the stator currents and the active and reactive powers 
recorded under the two profiles of the wind speed, they are 
shown in Fig.6 and Fig.7, respectively. It can be seen that the 
stator currents have the same frequency as the network to 
which they are connected; the active and reactive powers 
follow their reference values. Indeed, the passive power 
reference is imposed by the control system and the reactive 
power is imposed as zero (Qref = 0) to ensure a unitary power 
factor of the installation. 

 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 

 
 

Fig. 6. Size of the network side for random wind 
 

 
 
 

 
 

 

 

 

 

 

 

 

Fig. 7. Network side quantities for random wind 

 

4. Conclusion 

The modelling aspect of a WECS system as well as the speed 
control of the DFIG with connection to the network 
characterizes the work carried out in this paper. The speed 
control by a variable structure controller, in particular the 
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sliding mode, proved to be very efficient under the effect of 
the two wind profiles considered (variation in stages and of a 
random nature). The analysis of the results obtained by 
simulation is very conclusive and therefore the proposed 
structure is very promising. 
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