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Abstract - This paper proposes two techniques to control 

DTC (Direct Torque Control) and DPC (Direct Power 

Control), applied to the system of converting wind energy 

with a double-fed asynchronous machine. Conventionally, 

the DTC is developed from the expressions of the model of 

DFIG in the reference connected to the rotor, so the 

amplitude of the flux is estimated from the voltages and 

currents of the rotor. The reference torque is obtained by a 

mechanical speed controller of the machine whose goal is 

to have a maximum power point tracking (MPPT). On the 

other hand, the DPC is achieved while using a new 

switching table without sensor voltage. The instantaneous 

active and reactive power is controlled directly by 

selecting the optimum condition of the network side 

converter. The main objective of the control system and 

maintain the DC bus voltage level required. Consequently, 

the input currents from the network should be sinusoidal 

and in phase with the voltages to meet operating at unity 

power factor. The results obtained show the interest of 

both techniques. 
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1. Introduction 

  Today, wind energy has become an 

inescapable reality world. The evolution of the 

capacity of electricity generation by wind turbines 

has been increasing since 1980. The wind industry is 

capable of becoming a global energy industry if it is 

based on the acceleration of facilities in the last 

decade. The wind energy 

 

 

can contribute a significant share of new energy 

sources that do not emit greenhouse gas emissions. 

Their rational exploitation to produce electricity. 

These theoretically exploitable renewable energy are 

numerous and varied. 

        The development of wind energy has grown 

significantly due to the diversity of exploitable areas 

relatively attractive and cost [1]. Wind energy 

systems are growing more quickly because we can 

now rely on proven and reliable techniques. 

Moreover, the energy potential of global energy is 

estimated at an output of 5300 TWh, which 

represents a significant energy deposit and very 

promising [2]. Much of the wind turbines installed 

today are equipped with double-fed induction 

machine (DFIG). This generator provides electricity 

generation, variable speed; this allows them to better 

exploit the wind resources for different wind 

conditions. These turbines are also equipped with 

propeller blade pitch to accommodate variable wind 

conditions. The entire turbine is controlled to 

maximize the power produced continuously seeking 

the operating point at maximum power commonly 

called MPPT. However, this type of energy is an 

energy booster from nuclear generation remains 

largely predominant. 

The induction motor squirrel cage has been widely 

used as generator in wind turbines [2]. Indeed, it is 

robust, inexpensive and simple to implement. In 

contrast, most of these machines are connected  



 
 

 

Directly to the network to avoid the presence of a 

converter. This direct connection requires operation 

at fixed speed and therefore, limited effectiveness in 

high wind speeds. The double-fed induction machine 

(DFIG), even if it has a less robust wound rotor and 

sliding contacts, is used to allow variable speed 

operation of ± 30% around the synchronous speed [3-

4-5]. The stator is directly connected to the network 

and the rotor is connected to the network via a 

bidirectional converter. This converter is scaled to 

deal with 30% of the nominal power of the machine. 

For higher speeds the timing, if the converter is 

reversible, the machine can also produce energy from 

the rotor to the network up to 0.3 times rated power. 

Overall, in the best case, the machine can deliver 1.3 

times its rated power. To be able to test the laws 

regulating a wind system, it appears necessary to 

have a simulation tool capable of modeling the entire 

chain of energy conversion and predict its 

performance. Initially, a model of wind generator 

was proposed in Matlab / Simulink to evaluate its 

dynamic performance in these different operating 

conditions. Then, we present two techniques DTC 

control and DPC respectively applied to the DFIG 

machine of 7.5 kw and side PWM converter system. 

 

2. Wind generator modeling 

2.1. Modélisation of the turbine 

The overall pattern of a string conversion of wind 

energy connected to the grid is described in Figure 1 

Figure.1. Diagram of a chain of energy conversion 

 

 

Figure.1. Diagram of a chain of energy conversion 

 

The mechanical power available on the shaft 

of a wind turbine is expressed by the equation: 

              
   

                                               

The power coefficient Cp is the aerodynamic 

efficiency of the wind turbine. It depends on the 

characteristic of the turbine. The variation coefficient 

as a function of speed ratio λ and angle of orientation 

of the blade β. 
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  C1=0.5176, C2=116, C3=0.4, C4=5, C5=21, 

C6=0.0068;  

and    β: the angle of the blades; 

The speed ratio   is defined as the ratio between the 

linear speed of the blades and the wind speed 

   
    

 
 with V: wind speed, Ω1: mechanical 

angular speed of the turbine 

 

 

Figure.2. Power coefficient 

   

  



 
 

The variation of mechanical power based on the 

rotational speed of the generator for different wind 

speeds is illustrated in Figure 3. 
 

Figure.3. Mechanical power 

 

2.2. Modélisation generator 

 

The generator chosen for the conversion of 

wind energy is a double-fed induction generator, 

DFIG modeling described in the repository of Park, 

is presented by the system of equations: 

 
 
 
 
 

 
 
 
           

    

  
       

          
    

  
       

          
    

  
       

          
    

  
       

                                

 
 

 
              
              
              
              

                                                

    
  

  
                                                 

                 
  

  
                                    

 

In the two-phase marker, the stator active and 

reactive power of asynchronous generator written: 

 

 
                  
                  

                                             

 

2.3. Maximisation MPPT power by sliding mode 

The techniques for extracting the maximum 

power are to determine the speed of the turbine 

which achieves maximum power output. The 

reference speed of the turbine corresponds to that 

corresponding to the optimal value of speed ratio (at 

β constant and equal to 0 °) to obtain the maximum 

value of (Cp = 0.47). This command structure is to 

adjust the torque shown on the turbine shaft so as to 

determine its speed at its reference written 

by          
      

 
. To adjust the speed was used 

to sliding mode control; it was a great success in 

recent years. This is due to the simplicity of 

implementation and robustness against system 

uncertainties and external disturbances marring the 

process. The sliding mode control is to reduce the 

state trajectory toward the sliding surface and make it 

evolve over a certain dynamic to the equilibrium 

point [6-7]. The design of sliding mode control 

returns to identify three stages. 

 

2.3.1. Choix surface switching 

 

For a nonlinear system presented in the following 

form 

                                           

Where               both functions are continuous 

and nonlinear uncertain assumed bounded. It takes 

the form of general equation proposed by J.J. Slotine 

to determine the sliding surface given by: [8] 

      
 

  
   

   

                                                    

                                                                             

 With 

                                

and e: error on the variable to be controlled 

 γ: coefficient positive-n-order system    :   size 

desired: state variable of the quantity ordered. 

 

2.3.2. Condition convergence 

 

The convergence condition is defined by the 

Lyapunov equation; it makes the area attractive and 

invariant. 

                                                                                   

 



 
 

2.3.3. Calcul control 

 

The control algorithm is defined by the relation 

                                                                           

   
             

 
                                                    

    
    

 
   

                  
 

 
                    

                            

       With: u: manipulated variable,   : equivalent 

control magnitude,     switching control term, sat (S 

(X)) / φ: saturation function,  

φ: width of the threshold of saturation functions 

 

2.4. Control speed 
 

To control speed we take n = 1, the 

expression of the control surface of the angular 

velocity of the machine has the form: 

     
                                                                                                                          

During the sliding mode and steady we have: 

                      

                                                                          

During the mode of convergence we have: 

                 

  
 
  

  
                  

                       

                                

The structure of maximizing power (MPPT) by the  

sliding mode controller has been simulated by 

considering a wind profile using (10m/s) (Figure 4) 

The results corresponding to this strategy show that 

variations in the speed of DFIG are adapted to the 

change in wind speed, the performance of sliding 

mode control are very satisfactory with a good 

pursuit of the reference. The ratio of the speed and 

power coefficient are adjusted 8.1, 0447 respectively 

to their maximum value 

3. Direct torque control (DTC) of the DFIG 
 

The Direct Torque Control (figure 5) is based on 

flow control and torque control using hysteresis. The 

rotor flux is estimated from the equation of the DFIG 

rotor voltage: 

   

  
                                                                 

 Figure.4. Command performances for MPPT 
 

In the    reference, the rotor flux components are 

determined as follows:  
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                                       (22)     

The electromagnetic torque is estimated as 

                                                          

The switching table given below is constructed in the 

state variables    ,     and sector N position of   . 

 

Table 1.Table switching 

N 1 2 3 4 5 6 

  

   

                        
                       
                        

  

   

 

 

 

                       
                       
                        



 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 Figure .5 .Structure of the DTC for the DFIG 

With V0= [000] ; V1= [100] ; V2= [110] ; 

V3= [010] ; V4= [011] V5= [001] ; 

V6= [101] ; V7= [111] 

The vectors V0 and V7 are selected alternately to 

minimize the number of switching into the arms of 

the inverter. 

4. Direct control of power for the grid side 

converter 

The principle of the DPC Figure 6 is based on 

the control loops of instantaneous active and reactive 

powers. In DPC there is no inner loop power. The 

switching states of the converter are selected by the 

switching table; the latter is made from the 

instantaneous errors obtained from the difference 

between the estimated and measured power (active 

and reactive). To order the relay functionality using 

two hysteresis comparators and a switching table [9-

10-11]. In this configuration the DC bus voltage 

regulator is controlled by a conventional PI 

(proportional-integrator), the latter providing the 

reference active power       and the reference 

reactive power (    = 0) is kept zero in order have 

an operation at unity power factor. Errors obtained 

from the difference are applied as inputs to 

comparator hysteresis and scan for signals Sp, Sq 

The position of voltage vector is used to determine 

the area N. 

     
 

 
         

 

 
, N=1, 2, 3..., 12    

 The digitized signals Sp, Sq and n are considered 

inputs to the switching table in which each switching 

state, ka, kb and kc, the converter is stored. Using 

this switching table, the optimal state switching 

converter can be selected in any single specific times 

depending on the combination of input signals. 

4.1. Modeling System 
In the fixed plane and a three-phase balanced phase 

currents can be presented as follows: 

 

   
  

 
 

 
            

   

  
 

 

 
            

                                                  

The resistance parameter R can be virtually neglected 

and a discrete approximation of equation (16) can be 

adopted. Thus the change in the current stage for a 

sampling period is given by: 

                  
  
 
                            

                  
  
 
                           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.6. Configuring the DPC for the PWM 

converter rated network 
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The Plan sets out the active and reactive 

instantaneous powers are defined: 

 
 
 
   

    
     

  
  
  
                                                 

As a first approximation, and if the switching 

frequency is high enough, the change in voltage can 

be neglected. The variation of active and reactive 

power can be estimated for the control cycle as 

follows: 

 
                      
                      

                                 

The change of active power and reactive depends on 

the choice of the voltage vector PWM used. For the 

seven possible configurations of the converter 

voltage vector PWM leads to seven possible values 

of change and reactive power. Consequently, there 

are different ways of selecting the switching state 

corresponding to the evolution of control and 

reactive power. The voltage vector can be expressed 

in the plan sets as follows: 

     
  
  

   
 

 
 

   
  

  
  

   
 
    

 
   

  
  
  
            

With    

                                      

  
        

    

Where E is the rms line voltage and is the angular 

position of voltage vector. For smooth operation 

voltage sensor DPC phase of the converter, the active 

and reactive powers are estimated using the 

switching converter, the three phase currents, the 

DC bus voltage inductance L. They can be 

derived as follows: 

     
   
  

   
   
  

   
   
  

   

                            
 

       
   
  

   
   
  

   

 
 

  
                       

                                                   

After estimating the instantaneous active and reactive 

power, the voltage vector can be estimated using the 

following equation: 
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 Table .2.The new switching table for DPC 

 

4.2. Setting the DC bus voltage 
 

In this work, setting the DC bus voltage is provided 

by a proportional integrator (PI), the latter can 

provide the reference of active power. The reference 

reactive power is zero imposed to ensure a 

functioning unity power factor. 

System figure 7 is modeled by the following 

equation: 

 

 
                

 

 

                                             

 

The transfer function of PI controller is written as 

follows: 

     
      

   
          

 

  
                                 

4.3. Simulation Results 

 

The platform of Matlab / Simulink was used 

to simulate the complete model of the wind 

conversion chain (7.5KW), the results obtained allow 

one hand to analyze the various quantities 

characterizing the cascade constituting the two PWM 

converters and secondly, bring up the performance 

obtained by the two commands used DTC (rotor 

side) and DPC (network side). 

Figure 8 shows the electromagnetic torque and its 

reference generated by the algorithm (MPPT), the 

latter reacts significantly to changes in wind speed, 

the rotor flux with the reference1.60Weber. 

Figure 9 shows the active and reactive power 

transited to the grid with their references, current and 

phase voltage. Through these values, we find that the 

command has focused DPC system dynamics very 

important and satisfactory operation. 

Figure 10 shows the variation of the DC bus and the 

benchmark. We note that it has a dynamic fast 

enough around its reference. 



 
 

Figure 11 shows that the currents of the rotor and 

stator respectively are sinusoidal but of different 

frequency 

 

5. Conclusion 

 

In this paper, we presented two techniques to control 

DTC (Direct Torque Control) and DPC (Direct 

Power Control) system applied to the conversion of 

wind energy based on the machine has dual power 

(DFIG). This machine is designed to produce 

electrical energy; it is useful to think in terms of 

power or torque, to the DTC that is developed in this 

work. An algorithm for maximizing power (MPPT) 

has been implemented; it is to enslave the speed of 

the machine by a sliding mode controller with a 

particular reference optimally corresponds to a 

maximum power coefficient. The CPD is used to 

control the grid side PWM converter, the latter is 

based on two references of active and reactive power. 

The reference active power is obtained by the control 

DC bus (using the PI controller) with its reference 

617V and the reference reactive power is zero 

imposed to ensure operation at unity power factor. 
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Figure .7.Torque and rotor flux 

 
Figure .8.Power (active, reactive) and current-voltage 

phase 

 

 

 
Figure .9.Phase currents rotor and stator 

 

                                        

                                                                   

Figure .10.DC bus voltage and sector 

 

 


