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Abstract— Doubly Fed Induction Generator is very popular 

in variable speed wind power plants[1, 2] because of it 

advantages like lessen losses , minimum cost ,an improved 

efficiency and active and reactive power control 

capabilities[2]. Traditionally their control is based on PI a 

controller which is advisable for linear time invariant systems. 

However, the components in wind turbines work as nonlinear 

systems where electromechanical parameters change 

frequently [3]. This paper proposes a first order sliding mode 

control however such control may excite unmodeled high 

frequency system transients due to chattering phenomenon. 

The aim of the proposed controller is to contribute with some 

important features such as chatter free performance and 

heftiness in terms of transient response of the nonlinear 

systems subjected to dynamic conditions such as lower and 

higher wind speeds, robustness and secure power system 

operation.  The wind turbine is validated in the 

Matlab/Simulink environment and the simulation results 

obtained confirm the performance of the proposed control 

Keywords-component; SMC,Doubly fed induction generator 

(DFIG).Active and Reactive Power control, Maximum power 

point tracking, MPPT,Sliding mode control. 

I.  Introduction  

Nowadays, energy production is moving towards the 

renewable energy sources because of the desire to reduce 

dependence on fossil fuels and the global warming issues. 

Wind energy is consider a good technology advances for it 

reliability and cost efficiency [4, 5]. Therefore, those factors 

become important topics in industry and research [6, 7]. 

Therefore, control strategies are needed to achieve maximum 

performance, which means seeking the maximum power from 

the wind energy source using MPPT. The doubly fed induction 

generator based wind turbine has been an attractive choice [8, 

9] due to the independent active and reactive control and it 

ability to provide variable speed due to control of back-to-back 

converter scheme[10, 11], other advantages of the DFIG WTs 

is reducing mechanical stresses, compensate for torque and 

power pulsations[12] and improve power quality[2] ,the main 

advantage of the DFIG is that the rotor side converter is only 

sized for 30% of rated power which mean the cost of the 

converter is reduced[13], still the reaction of DFIG to grid 

voltage disturbances is sensitive, as described in [14] for 

symmetrical and unsymmetrical voltage dips it is necessary to 

protect for the rotor side converter. To be able to stay 

connected to the grid even with faults it is required to control 

wind powers [2, 14-16], these control schemes are based on the 

vector control concept with classical control techniques such as 

the PI controllers, but this controllers can only provide good 

performance under ideal grid voltage conditions. Furthermore, 

disturbances and parameter variations will provide insufficient 

performance. Therefore, papers have presented different 

control schemes for DFIG such as Sliding Mode Control, high 

order sliding mode control [6, 15-18], smart control or adaptive 

algorithms [1, 19, 20]. Nonlinear control methodologies gained 

attraction such as Sliding Mode Control have recently. 

Although very robust and accurate, standard SMC suffers from 

two major drawbacks. First, the chattering phenomena 

resulting from the high frequency control switching which 

severely restricts its application to wind power systems since it 

deteriorates the control performance and excites high 

frequency oscillations [21, 22]. In order To deal with these 

difficulties, several modifications to the original sliding control 

law have been proposed, the most popular being the boundary 

layer approach [15, 23, 24]. 

      In this present paper, a regulation in the power 

exchanged between the machine and the grid based on the 

Sliding Mode Controller (SMC) is proposed and to overcome it 

drawbacks we decide to use a simple method instead of 

complicate the system with higher order control, this method is 

obtained by adjusting the discontinuous control signal across 

the sliding surface, PI and SMC controllers are compared and 

results are discussed, the objective is to show that controllers as 

(SMC) can improve performances of doubly-fed induction 

generators in terms of reference tracking, sensibility to 

perturbations and parameters variations. This paper is 

organized as follows; firstly, turbine model and the Maximum 

Power Tracking are presented in section II. In section III, the 

mathematical model of DFIG is introduced. Section IV 

presents Active and Reactive Power .In section V the sliding 
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mode controller is proposed. In section VII, matlab simulation 

results are shown and discussed. 

II. MODEL OF THE TURBINE: 

The power contained in the form of kinetic energy at a speed 

Vv, surfaceA1, is expressed by 

3

1

1

2
v vP AV                                (1) 

Where 
 
is the air density, but the wind turbine is can regain 

only a part of that power: 

2 31

2
v v pP R V C                           (2) 

Where: R is the radius of the wind turbine; Cp is the power 

coefficient, a dimensionless parameter that expresses the 

effectiveness of the wind turbine in the transformation of 

kinetic energy of the wind into mechanical energy[23]. For a 

given wind turbine, this coefficient is a function of wind speed, 

the speed of rotation of the wind turbine, and the pitch angle. 

Cp is often given as a function of the tip speed ratio , defined 

by:                                     
t

v

R

V



                                      (3)                                                                        

Where R is the length of the blades (radius of the turbine rotor), 

Ωt is the angular speed of the rotor. The theoretical maximum 

value of Cp is given by the Betz limit:  

                     _ _ max 0,593 59,3%p theoC    

The torque and power coefficient Cp is represented in 

function of tip step ratio (λ) and the pitch angle (β) as fellow: 
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    The mechanical torque Ct on the slow shaft of the turbine 

can be expressed by: 

3 2
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                          (6) 

A. Mechanical System: The mechanical model will be 

illustrated in Figure 1 

 
Figure 1 : Mechanical model 

Where: Jt: the turbine side masses, while Jm : the electrical 

machine mass, G is the gearbox ratio. The turbine speed and 

the fast shaft torque are expressed in by:       

                     
m tG        (7)      /m tC C G
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Next,             
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B. Maximum Power Tracking MPPT 

Following the path of maximum power extraction is the 

main objective of the speed control. Many methods are 

proposed to ensure the following of the maximum power 

extraction trajectory [25, 26]. In this paper we will use the 

direct speed controller (DSC) shown in fig 2, it concept is 

based on generating the optimal turbine rotational speed for 

each wind speed value, and use it speed reference. Then, with 

the help of a regulator the turbine rotational speed is controlled. 

For a given operating point (speed of fixed wind), it is desired 

that the mechanical power is maximum, the reference 

rotational speed of the turbine is obtained from the equation is 

defined by:      

 * /t optv R    (10)   Thus,  
* *

m tG          (11)                  

 

 

 

 

 

 

 

 

 

 

 

Figure 2 :Direct speed control. 

We obtain the active power reference by the following 

equation:                    _ _s ref cem ref mP C 
                       

(12) 

III. MATHEMATICAL MODEL OF DFIG: 

We have chosen to use the double-fed induction generator 

because with the help of the bidirectional converter in the rotor 

it is possible to work in both sub-synchronous and super-

synchronous. The electrical model of the machine obtained 

using Park transformation is given by the following equations 

[23, 26, 27]: 

Stator, rotor voltages: Eqts (13-16) 

qs
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Stator, rotor fluxes: 

ds s ds drL I MI             (18)      qs s qs qrL I MI       (19) 

dr r dr dsL I MI             (20)      qr r qr qsL I MI       (21) 

The electromagnetic torque is: 

   em ds qs qr ds dr qs qr dsC P I I PM I I I I        (22) 

The motion equation is:      

em r m v m

d
C C J f

dt
       (23) 

2

turbine
g

J
J J

G
    (24)                 

                                         

 

Where: the load torque is Cr, J is the total inertia, mechanical 

speed is Ωr. 

IV.  The DFIG Vector Control: 

In this section, the application of vector control DFIG is to 

achieve a decoupling between the quantities generating torque 

and flux. For this, we adjust the flux by (Ids or Idr), and torque 

by (Iqs or Iqr). Thus, the dynamics of DFIG will be reduced to 

that of a DC machine. This method can be outlined as shown in 

Fig 3.  

 
Figure 3 : Analogy between the vector control of DFIG and the control of a 

DC machine. 

The doubly fed induction generator model can be described by 

the next equations in the synchronous frame whose axis d is 

aligned with the stator flux vector as shown in fig. 4, 

( ds qs  ) and ( 0qs  ) [7, 23, 26, 28]. By neglect stator 

resistances voltage will be: 

   
0dsV   and qs s s sV V   

    
(25) 

 
Figure 4 : Stator and rotor flux vectors in the synchronous d-q Frame. 

We driver to an uncoupled power control; where, Idr controls 

the active power, and the reactive power is controlled by the 

direct component Ids [29]as shown in fig. 5: 

s s qr

s

M
P V I

L
 

   

(26)        
2
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s dr

s s s

V M
Q V I

L L

V M
V I

L L





 
  
 

 
  
 

   (27) 

The equations of the voltages according to the rotor currents 

are shown below (fig. 5): 

dr
dr r dr r r qr

dI
V R I L L I

dt
   

        

(28) 

qr

qr r qr r r dr s

s

dI M
V R I L L I

dt L
     

  

(29) 

With:                            21 / s rM L L  
                    

(30) 

Where: 𝑉𝑑r, 𝑉𝑞r are rotor voltage components; 𝑅𝑟 is the rotor 

resistances; 𝐿𝑟, 𝐿s  are the rotor inductances; M is mutual 

inductance; 𝜎 is leakage factor; 𝜔 is the rotor pulsation . 

 
Figure 5 :  The Conventional Active and Reactive Power Control of a DFIG. 

V. The sliding mode control 

   The main advantage of this control is its simplicity and 

robustness in spite of uncertainties in the system and external 

disturbances and on the other hand it needs relatively less 

information about the system and also is insensitive to the 

parametrical changes of the system plus it doesn’t need to the 

mathematical models accurately like classical controllers but 

needs to know the range of parameter changes for ensuring 

sustainability and condition satisfactory [15-18]. The sliding 

mode control has three stages: Choice of surface, Convergence 

condition and Calculation of the control laws. 

Active and reactive power control: 

1n   , the power control equation will be defined by: 

 

 

p ref

Q ref

S P e P P

S Q e Q Q

  


                             

(31) 

Active power: 

  _ _P s ref s s ref s qr
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M
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Substituting the expression of the power by the expression 

given in (16), the equation will become: 

_

s
P s ref s qr r qr s r dr

s r s

MVM
e P V V R I gw L I g

L L L




• •  
     

     

(33) 

We replace
qrV  with

qreq qrnV V ,  

 _

s
P s ref s qreq qrn r qr s r dr

s r s

MVM
e P V V V R I gw L I g

L L L




• •  
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qreqV  and  
qrnV are used to constraint the system to converge to 

0dqS  The control vector 
qrnV is obtained by imposing 

0dqS
•

 and 0qrnV  ,so the equivalent control components 

are given by the following relation: 

_0 s

s ref s qreq r qr s r dr

s r s

MVM
P V V R I gw L I g

L L L




•  
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(35) 

Thus,
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  qrn VqrV K sign S P
                 

(37) 

Where, VqrK Is positive constant 

Reactive power: 

The same thing goes for the reactive power  

  _ _Q s ref s s ref s dr

s

M
S Q e Q Q Q V I

L
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Substituting the expression of the power by the expression 

given in (15), the equation will become: 

 _Q s ref s dr r dr s r qr

s r

M
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We replace drV  with dreq drnV V ,  

  _Q s ref s dreq drn r dr s r qr

s r

M
e Q V V V R I gw L I

L L

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(40) 

qreqV  and  qrnV will be the two components of the control vector 

used to constraint the system to converge to 0dqS  .The 

control vector qrnV is obtain by imposing 0dqS
•

 and 

0qrnV  ,so the equivalent control components are given by the 

following relation : 

 _0 s ref s dreq r dr s r qr

s r

M
Q V V R I gw L I

L L




•
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  drn VdrV K sign Q P
                        

(43) 

Where, VdrK Is positive constant 

The function sign is defined as: 
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Figure 6 :  Sign Function. 

However, the latter generates on the sliding surface, a 

phenomenon called chattering, which is generally undesirable 

because it adds to the spectrum control high frequency 

components. 

 
Figure 7: Chattering Phenomenon. 

Solution proposed  

In Order to minimize the chattering we will change the sign 

function with hyperbolic tangent function which will smooth 

the control signal across the sliding surface, the function is 

shown in Figure 6 and it’s defined by:   

                             
 

 
n

S x
U K

S x



 


   

                   

(44) 

Thus, 
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(46) 

Where:  , , , ,  are positive constants. 

 
Figure 8 :  hyperbolic tangent function. 

Chattering 
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VI. SIMULATION RESULTS 

In this section, simulation tests have been performed using 

Matlab –Simulink environment. A comparison of the 

performances of the DFIG with two different linear and 

nonlinear controllers “PI, SMC and TAN-SMC” will be 

introduced and discussed   

Reference tracking 

  The first test a change in wind speed is applied as shown in 

Fig (9) and in order to evaluate the MPPT control strategy 

proposed.     

 

   Figure 9 :  Wind speed 

 

Figure 10 :  Stator Active power Ps         

Figure 11 :  Reactive Active power Qs         

 

 

Hyperbolic Tangent Function: 

 

Figure 12 :  Stator Active power Ps         

 
 

Figure 13 :  Reactive Active power Qs 

 

 
 

Figure 14 :  stator current components 
 

 
 

Figure 15 :  Rotor current components 

 
 Figure 16 :  stator current  
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Figure 17 :  Electromagnatique couple  

 

  The electromagnetic torque is shown in Fig (17) is negative 

due to the generator operation. We can notice a very good 

decoupling between the two components of the rotor and 

stator current is obtained as shown in fig 14-15 ensuring a 

decoupled control of powers Fig 8 and 9 represent the stator 

active and reactive powers and its reference profiles using PI 

regulator and Sliding mode control, we can notice that the 

dynamic response of the stator active power and reactive 

power under SMC control is much faster than that under the 

conventional PI control and it tracks almost perfectly their 

references .However, the SMC controller includes the 

presence of perturbations in its synthesis and we can notice 

that through the chattering phenomenon after zooming  we can 

see clearly that the hyperbolic tangent function could smooth 

control signals and that caused an elimination of chattering 

phenomenon. This result is interesting for wind energy 

applications to ensure stability and quality of the generated 

power when the speed is varying. 

VII. CONCLUSION 

The PI controller although it’s very popular, simple and 

mostly used in the industry it’s not suitable for linear time 

invariant systems. In this paper, a wind turbine with a doubly 

fed induction generator is presented with the consideration of 

turbine variable velocity state and design controller for DFIG 

in form of using the sliding mode control then a solution to 

improve the control was proposed, simulation results show 

that the proposed controller provides a notable efficiency, 

since it permits to track the optimum power quickly despite 

the speed wind changing. On the other hand, the stator power 

quantities provided show smooth waveforms, with good 

tracking indices. Consequently, undesirable mechanical 

stresses and the chattering phenomena in the case of SMC are 

avoided 

APPENDIX 

The machine's parameters are presented below: 

Stator resistance: Rs = 1.2Ω, Rotor resistance: Rr = 1.8Ω 

Stator inductance: Ls = 0.1554H, Rotor inductance: Lr= 1.558 

H, Mutual inductance: M = 0.15, Rated voltage: Vs=380 

V/220V; Number of pole pairs: P= 2, Friction coefficient: 

Fr=0.0027N.s/rad, Frequency: f=50Hz; The moment of 

inertia: J=0.042 kg.m2, Aerodynamic coefficients C1=0.5, 

C2=116, C3=0.4, C4=0, C5=5, C6=21, controller parameter: 
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