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The growing need for energy in the world and the depletion of classical energy resources (fuels) have led researchers to develop new means of producing abundant and inexhaustible energies called "renewable energies". In this context, we propose the study of a Wind Energy Conversion System (WECS) driven by a Doubly Fed Induction Generator (DFIG). This non-linear system is controlling by a recent approach called "Backstepping" based on Lyapunov's theory. So, we will explain the structure of this control to reach the convergence of errors towards zero and to ensure the stability of the system. Finally, we will present the results obtained from the simulation.

The figure below represents the synopsis of the wind energy conversion system proposed :

Figure 1. Synopsis of the Backstepping control of the DFIG-WECS

By applying the theory of momentum and Bernoulli's theorem, we can determine the theoretical wind power [START_REF] Lee | Backstepping-based Current and Voltage Control Strategy for Maglev Position Device[END_REF]:

𝑃 𝑡ℎ𝑒𝑜𝑟 = 1 2
. 𝜌. 𝑆. 𝑣 3 (1)

The aerodynamic power appearing at the rotor of the turbine is written [START_REF] Loucif | Backstepping Control of Double Fed Induction Generator Driven by Wind Turbine[END_REF]:

𝑃 𝑎𝑒𝑜𝑟 = 1 2
. 𝜌. 𝑆. 𝐶 𝑝 (𝜆, 𝛽). 𝑣 3 (2)
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The Backstepping Control will be applied in the reference (d, q) considering the orientation of the stator flux: 𝛷 𝑠𝑞 = 0 and 𝛷 𝑠𝑑 = 𝛷 𝑠 . The equations of the DFIG are given by: 

{ 𝑉 𝑠𝑑 = 0 𝑉 𝑠𝑞 =
The relationship between references of stator powers and rotor currents is written [START_REF] Boyette | Contrôle-commande d'un générateur asynchrone à double alimentation avec système de stockage pour la production éolienne[END_REF][START_REF] Poitiers | Etude et commande des génératrices asynchrone pour l'utilisation de l'énergie éolienne : machine asynchrone à cage autonome et machine asynchrone à double alimentation[END_REF]:

{ 𝑃 𝑠 𝑟𝑒𝑓 = - 𝑉 𝑠 𝑀 𝐿 𝑠 𝑖 𝑟𝑞 𝑟𝑒𝑓 𝑄 𝑠 𝑟𝑒𝑓 = 𝑉 𝑠 2 𝜔 𝑠 𝐿 𝑠 - 𝑉 𝑠 𝑀 𝐿 𝑠 𝑖 𝑟𝑑 𝑟𝑒𝑓 { 𝑖 𝑟𝑞 𝑟𝑒𝑓 ̇= - 𝐿 𝑠 𝑀𝑉 𝑠 𝑃 𝑠 𝑟𝑒𝑓 ̇ 𝑖 𝑟𝑑 𝑟𝑒𝑓 ̇= - 𝐿 𝑠 𝑀𝑉 𝑠 𝑄 𝑠 𝑟𝑒𝑓 ̇ (4) 

Synthesis Of The Backstepping Control :

The calculation of reference quantities of the currents and voltages are made on the basis of Lyapunov functions. This command is based on two steps:

Step 1: It consists of identifying the errors "𝐸 1 " and "𝐸 2 ", which respectively represent the error between the stator powers "𝑃 𝑠 " and its reference "𝑃 𝑠 𝑟𝑒𝑓 ", as well as "𝑄 𝑠 " and "𝑄 𝑠 𝑟𝑒𝑓 ":

{ 𝐸 1 = (𝑖 𝑟𝑞 𝑟𝑒𝑓 -𝑖 𝑟𝑞 ) 𝐸 2 = (𝑖 𝑟𝑑 𝑟𝑒𝑓 -𝑖 𝑟𝑑 ) { 𝐸 1 ̇= (𝑖 𝑟𝑞 𝑟𝑒𝑓 ̇-𝑖 𝑟𝑞 ̇) 𝐸 2 ̇= (𝑖 𝑟𝑑 𝑟𝑒𝑓 ̇-𝑖 𝑟𝑑 ̇) (5) 
The first function of Lyapunov is defined by: 𝑣 = 

Application And Results:

The simulation results of the WECS in Matlab / Simulink are summarized in fig. 2 the simulation results obtained during the application of the control on the variable speed driven system show a good tracking of the powers generated at the corresponding reference values.

Figure 2 .

 2 Figure 2. Curves of: the wind speed, the stator's active power, the stator's reactive power, the stator's currents and the zoom of stator's currents

  and (e) show the sinusoidal shape of stator currents in the frame (a, b, c).

  𝛷 𝑠 𝜔 𝑠 𝑉 𝑟𝑑 = 𝑅 𝑟 𝑖 𝑟𝑑 +

		𝑑𝛷 𝑟𝑑 𝑑𝑡	-𝜔 𝑟 𝛷 𝑟𝑞
	𝑉 𝑟𝑞 = 𝑅 𝑟 𝑖 𝑟𝑞 +	𝑑𝛷 𝑟𝑞 𝑑𝑡	+ 𝜔 𝑟 𝛷 𝑟𝑑

  𝐸 1 ̇= -𝐾 1 𝐸 1 and 𝐸 2 ̇= -𝐾 2 𝐸 2 . The derivative of the errors "𝐸 1 " and "𝐸 2 " becomes: We use the equations (7) to replace the derivative of the errors with their previously defined values and we deduce the rotor's voltages 𝑉 𝑟𝑞 and 𝑉 𝑟𝑑 :

								1 2 (𝐸 1 2 + 𝐸 2 2 )			(6)
	{ 𝐸 2 ̇= ((-𝐸 1 ̇= ((-	𝐿 𝑠 𝑀𝑉 𝑠 𝐿 𝑠 𝑀𝑉 𝑠	𝑃 𝑠 𝑟𝑒𝑓 ̇) -𝑄 𝑠 𝑟𝑒𝑓 ̇) -	1 𝜎𝐿 𝑟 1 𝜎𝐿 𝑟	𝑉 𝑟𝑞 -𝑉 𝑟𝑑 -	1 𝜎𝐿 𝑟 1 𝜎𝐿 𝑟	(-𝑅 𝑟 𝑖 𝑟𝑞 -𝑔𝜔 𝑠 𝐿 𝑟 𝜎𝑖 𝑟𝑑 -𝑔 (-𝑅 𝑟 𝑖 𝑟𝑑 + 𝑔𝜔 𝑠 𝐿 𝑟 𝜎𝑖 𝑟𝑞 ))	𝑀𝑉 𝑠 𝐿 𝑠	))	(7)
	𝑉 𝑟𝑞 = (𝜎𝐿 𝑟 (-𝐿 𝑠 𝑀𝑉 𝑠 Step 2: { 𝑉 𝑟𝑑 = (𝜎𝐿 𝑟 (-𝐿 𝑠 𝑀𝑉 𝑠	𝑃 𝑠 𝑟𝑒𝑓 ̇+ 𝐾 1 𝐸 1 ) + 𝑅 𝑟 𝑖 𝑟𝑞 + 𝑔𝜔 𝑠 𝐿 𝑟 𝜎𝑖 𝑟𝑑 + 𝑔 𝑀𝑉 𝑠 𝐿 𝑠 𝑄 𝑠 𝑟𝑒𝑓 ̇+ 𝐾 2 𝐸 2 ) + 𝑅 𝑟 𝑖 𝑟𝑑 -𝑔𝜔 𝑠 𝐿 𝑟 𝜎𝑖 𝑟𝑞 )	)	

In order to have the derivative of the Lyapunov's function equal to zero, we choose the errors as follows: