
Vol. 7(26), Oct. 2017, PP. 3621-3632 

 

 
3621 

Article History: 

Studying, Simulating and comparing Control Methods of Doubly Fed 

Induction Generator 
Omid Rahmani*, Parviz Amiri, Zahra Mokhtari and Zhale Amirjamshidi 

Research Laboratory of Industrial Circuits & Systems, Shahid Rajae Teacher Training University, Iran 

Phone Number: +98-021-66628597 
*Corresponding Author's E-mail: omidrahmani533@yahoo.com 

Abstract 

he electrical energy generation from wind is done by several models of wind turbines with 
different generators, including wind turbines with doubly fed induction generators (DFIG). Due 
to its features and benefits, this type of wind turbine is mostly used and manufacturers have 
tended to the production of this type of turbine. In recent years, various control techniques as a 

definitive control solution for AC induction drives have been proposed. For this reason, in this paper, 
two control techniques are studied to control the doubly fed induction generator and the potential 
benefits of direct power control and fuzzy strategies are expressed. In this regard, the latest technologies 
in drivers of the doubly fed induction machine have been reported. In addition to controlling meet the 
main goals and according to the conditions, proper control model is selected. In this paper, both control 
methods, the direct power control and improved direct power control with fuzzy logics, are implemented 
based on stator flux oriented control requirements. Nevertheless the simulation is developed in 
Matlab/Simulink using accurate generator parameters. 
 

Keywords: doubly-fed induction generator; back to back converterng; direct power control; Fuzzy 
control. 

 

1. Introduction 

The wind power capacity has substantially grown worldwide during the last few years [1]. In the 
past two decades and the past few years, the developed countries increasingly focused on new 
energies. One of the energy sources in the nature is wind, which its energy is about 15 times more than 
the total fossil energy in the world. Wind energy is one of the most important of the renewable sources 
in the world. So that it is predicted that the share of electrical energy generation from the wind power 
by 2030 is reached to 23% of the required energy of the world. Increasing the excessive consumption 
of the fossil fuels, environmental considerations are the reasons for approaching the world to use this 
clean energy [2].  Nowadays, the use of DFIG is ideal due to flexibility, strength and being multi-
capacity; thus, it becomes one of the most applicable methods for utilization of wind energy. Working 
according to DFIG technology, it still confronts with various challenges such as stability of the system, 
the quality of power [1], [3], low voltage, currency errors, phase imbalance [4] and Maximum Power 
Point Tracking (MPPT) [5]. When a large number of wind turbine generators are connected to the 
network and replace a significant number of conventional synchronous generators, have different 
effects on behavior of the power system including potential for the power system stability [6]. 
Nowadays, the control systems play an important role in modern wind turbines. A well-designed 
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control system can cause to increase the turbines efficiency and on the other hand, by reducing the 
mechanical and aerodynamic loads on the system, increases their working life, and will cause to reduce 
energy generation costs. 

Investigating of two different control topologies of DFIG, as a source of the electric power 
generation is the most important and biggest generator in the power generation, is the main objectives 
of this article. The important advantage of DFIG is that power converters used in these generators have 
to bear only a fraction of the power generation of generators. In contrast, the main disadvantage of 
this technology are sliding rings, however, it seems that DFIG is one of the important generators of the 
wind power generation which is faced to the wind power consumers requirements. 

 
2. Doubly Fed Induction Generator Model 

As it shown in Figure 1, in the doubly-fed induction generator (DFIG), which is a wound rotor 
induction generator (WRIG), there are a direct connection from the stator to the three phase grid with 
constant frequency and a connection from the rotor with a supply voltage converter to the previous 
connection, consisted of the insulated-gate bipolar transistor (IGBT) switches in unidirectional back to 
back case. 
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Figure 1: General DFIG supply system 

Attention to the fact that the voltage for feeding load of the grid is supplied by the stator and the 
rotor voltage is created by the power converter, this generator is called the doubly fed. This system 
operates in a wide speed range but its operation is limit. For compensating the difference between the 
electrical and mechanical frequency of the converter, a variable frequency current is induced to the 
rotor. The back to back power converter and its controllers are used to set the generator behavior. 
This converter is composed of two separate converters, known as the grid side converter (GSC) and 
the rotor side converter (RSC) and connected by a dc coupled capacitor. The constant voltage of the 
dc link is kept by the grid side converter, while the torque or the DFIG speed and also the power factor 
at the stator terminals are controlled by the rotor side converter. For making the smoother voltage in 
the voltage variations time or small swings in the dc link voltage and storing the energy, the dc coupled 
capacitor is applied. 

 
2.1. Wind Model 

Power of kinetic Energy in wind can be calculated through (1) [7]: 
 
 

𝑃𝑃𝑣𝑣 = 1
2

𝜌𝜌𝐴𝐴1𝑉𝑉𝑤𝑤
3

  
                                                                                                                                                                                       (1) 
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Where, Pv is the wind power, ρ is the air density, A1 is the swept area, and Vw is the wind speed. 
Wind turbine can only recover some part of this power (2) [8]: 

 

𝑃𝑃𝑚𝑚 = 1
2

𝜌𝜌𝜌𝜌𝑅𝑅2𝐶𝐶𝑝𝑝(𝜆𝜆, 𝛽𝛽)𝑉𝑉𝑤𝑤
3

   
                                                                                                                      (2) 

 
Where, Pm is the output power, R is the radius of the turbine blades, λ is the blade tip speed 

ratio, and β is the blade pitch angle.  
For a wind turbine, power coefficient of Cp is a function of wind speed, Wind turbine rotation 

speed, and Pitch angle (3) [8]. 
 

𝐶𝐶𝑝𝑝 = 0.22 �116
𝜆𝜆𝑖𝑖

− 0.4𝛽𝛽 − 5� 𝑒𝑒
−12.5

𝜆𝜆𝑖𝑖                                                                                                          (3) 

Cp is often a function of the tip speed ration to the wind speed and λi is defined as (4) [8]: 
 

𝜆𝜆𝑖𝑖 = �� 1
𝜆𝜆+0.008𝛽𝛽

� − �0.035
𝛽𝛽3+1

��
−1

                                                                                                                (4) 

 
And λ is calculated thorough (5) [8]: 

 

𝜆𝜆 = 𝜔𝜔𝑚𝑚𝑅𝑅
𝑉𝑉𝑤𝑤      

                                                                                                                                                (5) 

 

Where, ωm is the turbine rotor angle speed.  
 

Power coefficient curve 𝐶𝐶𝑝𝑝(𝜆𝜆, 𝛽𝛽) for a specific speed is provided as 𝜆𝜆. Constant Coefficients of 
C1 and C2 are given by the turbine builder. It should be noted that the amount of 𝐶𝐶𝑝𝑝(𝜆𝜆, 𝛽𝛽)should 
not be exceeded from its maximum amount, 𝐶𝐶𝑝𝑝

𝑚𝑚𝑚𝑚𝑚𝑚=0.59, which is called Betz Limit.This coefficient 
is used for constant performance of turbine. Diagram block of above equations is shown in Figure 
2. In this block, turbine blade angle is considered constant (𝛽𝛽 = 0)[7]. 
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Figure 2: Dynamic model of wind turbine. 

3. RSC controller based on sensing stator flux 
The stator flux reference frame, d axis is in the direction stator flux linkage vectorψs, is shown 

in figure 3 by name  ψds = ψs andψds = 0 [9]. 
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Figure  3: Phasor diagram by stator flux control . 

 

Stator flux by using relevance machine in inertial reference system (ds − qs) in obtained by 
equation 6 and 7 [9]. 
 

(6)                                                                                                                                                                     𝜓𝜓𝑑𝑑𝑑𝑑
𝑑𝑑 = ∫ 𝑉𝑉𝑑𝑑𝑑𝑑

𝑑𝑑 − 𝑅𝑅𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑
𝑑𝑑 

(7)                                                                                                                                                                                           𝜓𝜓𝑞𝑞𝑑𝑑
𝑑𝑑 = ∫ 𝑉𝑉𝑞𝑞𝑑𝑑

𝑑𝑑 − 𝑅𝑅𝑑𝑑𝑖𝑖𝑞𝑞𝑑𝑑
𝑑𝑑 

Multiplying the dynamic equations of the induction machine in ωb obtained dynamic equations 
in terms of flux [9]. 
                       

(8)                                                                                                                                                                                           𝑉𝑉𝑑𝑑𝑑𝑑 = 𝑅𝑅𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑 − 𝜔𝜔𝑒𝑒𝜓𝜓𝑞𝑞𝑑𝑑 +
𝑑𝑑𝜓𝜓𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
 

(9)                                                                                                                                                                                           𝑉𝑉𝑞𝑞𝑑𝑑 = 𝑅𝑅𝑑𝑑𝑖𝑖𝑞𝑞𝑑𝑑 − 𝜔𝜔𝑒𝑒𝜓𝜓𝑑𝑑𝑑𝑑 +
𝑑𝑑𝜓𝜓𝑞𝑞𝑑𝑑

𝑑𝑑𝑑𝑑
 

(10)                                                                                                                                                                        𝑉𝑉𝑑𝑑𝑑𝑑 = 𝑅𝑅𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑 − (𝜔𝜔𝑒𝑒 − 𝜔𝜔𝑑𝑑)𝜓𝜓𝑑𝑑𝑑𝑑 +
𝑑𝑑𝜓𝜓𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
 

(11)                                                                                                                                                                         𝑉𝑉𝑞𝑞𝑑𝑑 = 𝑅𝑅𝑑𝑑𝑖𝑖𝑞𝑞𝑑𝑑 + (𝜔𝜔𝑒𝑒 − 𝜔𝜔𝑑𝑑)𝜓𝜓𝑞𝑞𝑑𝑑 +
𝑑𝑑𝜓𝜓𝑞𝑞𝑑𝑑

𝑑𝑑𝑑𝑑
     

 
Where 

(12)                                                                                                                                                                                                              𝐹𝐹𝑖𝑖𝑖𝑖 = 𝜓𝜓𝑖𝑖𝑖𝑖𝜔𝜔𝑏𝑏 
                                                                                                                                                              𝜓𝜓𝑑𝑑𝑑𝑑 = 𝐿𝐿𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑 + 𝐿𝐿𝑚𝑚𝑖𝑖𝑑𝑑𝑑𝑑 

                                                                                                                        𝜓𝜓𝑞𝑞𝑑𝑑 = 𝐿𝐿𝑑𝑑𝑖𝑖𝑞𝑞𝑑𝑑 + 𝐿𝐿𝑚𝑚𝑖𝑖𝑞𝑞𝑑𝑑 
                                                                                                                        𝜓𝜓𝑑𝑑𝑑𝑑 = 𝐿𝐿𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑 + 𝐿𝐿𝑚𝑚𝑖𝑖𝑑𝑑𝑑𝑑 

                                                                                                                        𝜓𝜓𝑞𝑞𝑑𝑑 = 𝐿𝐿𝑑𝑑𝑖𝑖𝑞𝑞𝑑𝑑 + 𝐿𝐿𝑚𝑚𝑖𝑖𝑞𝑞𝑑𝑑 
 

If stator flux reference frame was Inertial, stator flux gives the following results: 
 
𝜓𝜓𝑑𝑑𝑑𝑑 = 𝜓𝜓𝑑𝑑

                                                                                                                                      
             

 
(13)

  𝜓𝜓𝑞𝑞𝑑𝑑 = 0 
 
By substituting equation 12 in equation 7 to 11, new equations can be obtained from below:  
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�
𝑉𝑉𝑑𝑑𝑑𝑑 = 𝑅𝑅𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑

𝑉𝑉𝑞𝑞𝑑𝑑 = 𝑅𝑅𝑑𝑑𝑖𝑖𝑞𝑞𝑑𝑑 + 𝜔𝜔𝑒𝑒𝜓𝜓𝑑𝑑𝑑𝑑                                                                                                                          
(14) 

𝑖𝑖𝑞𝑞𝑑𝑑 = −𝐿𝐿𝑚𝑚
𝐿𝐿𝑠𝑠

𝑖𝑖𝑞𝑞𝑞𝑞
                                                                                                                                         

(15)
 

𝑖𝑖𝑞𝑞𝑑𝑑 = −𝐿𝐿𝑚𝑚
𝐿𝐿𝑠𝑠

�𝑖𝑖𝑚𝑚𝑑𝑑 − 𝑖𝑖𝑞𝑞𝑞𝑞�
                                                                                                                           

(16)
  

Where 

𝑖𝑖𝑚𝑚𝑑𝑑 = 𝑉𝑉𝑞𝑞𝑠𝑠−𝑅𝑅𝑠𝑠𝑖𝑖𝑞𝑞𝑠𝑠

𝜔𝜔𝑒𝑒𝐿𝐿𝑚𝑚                                                                                                                                        
(17)

 
𝑃𝑃𝑑𝑑 = 3

2
�𝑉𝑉𝑑𝑑𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑 + 𝑉𝑉𝑞𝑞𝑑𝑑𝑖𝑖𝑞𝑞𝑑𝑑�

                                                                                                                       
(18)

  

𝑄𝑄𝑑𝑑 = 3
2

�𝑉𝑉𝑞𝑞𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑 + 𝑉𝑉𝑑𝑑𝑑𝑑𝑖𝑖𝑞𝑞𝑑𝑑�                                                                                                                      (19)
  

By substituting equations 14,15 and 16 in about 17 or 18 active and reactive power is 
calculated as follows. 

 

𝑃𝑃𝑑𝑑 = −3
2

𝐿𝐿𝑚𝑚
2

𝐿𝐿𝑠𝑠
𝜔𝜔𝑒𝑒𝑖𝑖𝑚𝑚𝑑𝑑𝑖𝑖𝑞𝑞𝑞𝑞

                                                                                                                              
(20)

 
𝑄𝑄𝑑𝑑 = 3

2
𝐿𝐿𝑚𝑚

2

𝐿𝐿𝑠𝑠
𝜔𝜔𝑒𝑒𝑖𝑖𝑚𝑚𝑑𝑑(𝑖𝑖𝑚𝑚𝑑𝑑 − 𝑖𝑖𝑑𝑑𝑞𝑞)

                                                                                                                 
(21)

  

By substituting equations 15,11and 16 in equation 9 and 10 have: 
 

𝑉𝑉𝑑𝑑𝑞𝑞 = 𝑅𝑅𝑞𝑞𝑖𝑖𝑑𝑑𝑞𝑞 + 𝜎𝜎𝐿𝐿𝑞𝑞
𝑑𝑑𝑖𝑖𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
− (𝜔𝜔𝑒𝑒 − 𝜔𝜔𝑞𝑞)𝜎𝜎𝐿𝐿𝑞𝑞𝑖𝑖𝑞𝑞𝑞𝑞

                                                                                      
(22)

 
𝑉𝑉𝑞𝑞𝑞𝑞 = 𝑅𝑅𝑞𝑞𝑖𝑖𝑞𝑞𝑞𝑞 + 𝜎𝜎𝐿𝐿𝑞𝑞

𝑑𝑑𝑖𝑖𝑞𝑞𝑑𝑑

𝑑𝑑𝑑𝑑
− (𝜔𝜔𝑒𝑒 − 𝜔𝜔𝑞𝑞) �𝜎𝜎𝐿𝐿𝑑𝑑𝑖𝑖𝑞𝑞𝑑𝑑+𝐿𝐿𝑚𝑚

2 𝑖𝑖𝑚𝑚𝑠𝑠

𝐿𝐿𝑠𝑠
�
                                                                         

(23) 

 
Where 

 𝜎𝜎 = 1 − 𝐿𝐿𝑚𝑚
2

𝐿𝐿𝑠𝑠𝐿𝐿𝑑𝑑
 

 
Equation 19 and 20 state that, Ps and Qs can be set independently with the rotor current 

components  ،iqr and idr . thus the reference value  iqr and idr is calculated by output loop power 
control. 

If the Rs were regardless, that was acceptable for high power machine; final active and reactive 
power equation is equaled to [9]:  

 

𝑃𝑃𝑑𝑑 = −3
2

𝐿𝐿𝑚𝑚
𝐿𝐿𝑠𝑠

𝑖𝑖𝑞𝑞𝑞𝑞
                                                                                                                                        

(24)
 

𝑄𝑄𝑑𝑑 = 3
2

𝐿𝐿𝑚𝑚
𝐿𝐿𝑠𝑠

� 𝑉𝑉𝑞𝑞𝑠𝑠

𝜔𝜔𝑒𝑒𝐿𝐿𝑚𝑚
− 𝑖𝑖𝑑𝑑𝑞𝑞�

                                                                                                                        
(25)

 
 
Where vqs is constant and equal to stator voltage Equation 21 and 22 is designed 
By internal current control loop that using PI controller. Internal control loop design details 

are not explained here [10]. 
 

𝑉𝑉𝑑𝑑𝑞𝑞 = �𝐾𝐾𝑝𝑝 + 𝐾𝐾𝑖𝑖
𝑑𝑑

� (𝑖𝑖𝑑𝑑𝑞𝑞
∗ − 𝑖𝑖𝑑𝑑𝑞𝑞) − 𝑑𝑑𝜔𝜔𝑒𝑒𝜎𝜎𝐿𝐿𝑞𝑞𝑖𝑖𝑞𝑞𝑞𝑞

                                                                                         
(26)

 
𝑉𝑉𝑞𝑞𝑞𝑞 = �𝐾𝐾𝑝𝑝 + 𝐾𝐾𝑖𝑖

𝑑𝑑
� �𝑖𝑖𝑞𝑞𝑞𝑞

∗ − 𝑖𝑖𝑞𝑞𝑞𝑞� − 𝑑𝑑𝜔𝜔𝑒𝑒 �𝜎𝜎𝐿𝐿𝑞𝑞𝑖𝑖𝑞𝑞𝑞𝑞 + 𝐿𝐿𝑚𝑚
𝐿𝐿𝑠𝑠

𝑖𝑖𝑚𝑚𝑑𝑑�
                                                                                            

(27)
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Ki and Kp are respectively integral coefficients and proportional of PI controllers. 

 
4. Direct DPC power control 

4.1. An introduction of direct power control DPC method 
Due to the changes in machine parameters in the working time, non-linear inverters and 

limitation in the switching states, nonlinear control methods such as Direct Power Control (DPC) 
have been presented in recent decades. In this method, the momentary control of electromagnetic 
torque or active power and the size of flux or reactive power are based on selecting a voltage 
vector and an average control signal. Generally, the introduction of DPC theory is derived from 
DTC method in a way that in this method, the geometric relationships among stator and rotor 
fluxes were used and RSC in fact quite controls the rotor flux. 

In DPC method, the impact that Te and λr have on active and reactive power of stator is 
controlled rather than directly controlling them. These intangible changes in DPC control method 
causes to create a significant impact on the strength and ease of this strategy. The main features 
of this method include: 1) being independence from machine parameters, 2) reduction of 
measured electronic amounts and 4) no need to the changes in the frame of reference.  

In general, DPC method uses (28-31) and Tables 29 to 31. (28) and (29) in αβ reference frame 
is used for the calculation of active and reactive power [11]. 

 
(28)                                                                                                                                                      𝑃𝑃𝑑𝑑 = 3

2� �𝑉𝑉𝛽𝛽𝑑𝑑𝑖𝑖𝛽𝛽𝑑𝑑 + 𝑉𝑉𝛼𝛼𝑑𝑑𝑖𝑖𝛼𝛼𝑑𝑑� 

(29)                                                                                                                                                     𝑄𝑄𝑑𝑑 = 3
2� �𝑉𝑉𝛽𝛽𝑑𝑑𝑖𝑖𝛼𝛼𝑑𝑑 − 𝑉𝑉𝛼𝛼𝑑𝑑𝑖𝑖𝛽𝛽𝑑𝑑� 

 
used for changes of the required active and reactive power [3]. Active ∆P and reactive ∆Q 

power threshold of error signals are used to limit switching frequency of RSC. 
 

(30)                                                                                                                                                      𝑄𝑄+ ⟹ 𝑄𝑄𝑑𝑑 𝑒𝑒𝑑𝑑𝑑𝑑𝑒𝑒𝑑𝑑 ≥ ∆𝑄𝑄 

                                                                                                                                           𝑄𝑄− ⟹ 𝑄𝑄𝑑𝑑 𝑒𝑒𝑑𝑑𝑑𝑑𝑒𝑒𝑑𝑑 ≤ −∆𝑄𝑄 
 
 

(31)                                                                                                                                                      𝑃𝑃+ ⟹ 𝑃𝑃𝑑𝑑 𝑒𝑒𝑑𝑑𝑑𝑑𝑒𝑒𝑑𝑑 ≥ ∆𝑃𝑃 
                                                                                                                                            𝑃𝑃− ⟹ 𝑃𝑃𝑑𝑑 𝑒𝑒𝑑𝑑𝑑𝑑𝑒𝑒𝑑𝑑 ≤ −∆𝑃𝑃 
                                                                                                                                 𝑃𝑃= ⟹ ∆𝑃𝑃 > 𝑃𝑃𝑑𝑑 𝑒𝑒𝑑𝑑𝑑𝑑𝑒𝑒𝑑𝑑 > −∆𝑃𝑃 

 
 

When the appropriate changes of active (P+or P-or P=) and reactive (Q+or Q-) powers 
dependent on the position of rotor flux are applied, optimal space vector is selected to be applied 
to the rotor using Table I [3].The position of the rotor flux is estimated by Tables II and III [3]. 

 
4.2. DPC Schematic 
Figure 4 shows the complete schematic of DPC circuit in which similar to DTC method, there is 

no transition stage among voltage space vectors. Also, RSC is required for DPC. Equations (30) 
and (31) are consistent with hysteretic controllers creating the confirmed outputs (update analog 
with the flux part) of Table 1. 
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Table 1: Selecting the optimal DPC vector 

Reactive 

Power 

Active 

Power 

Sector 

1 2 3 4 5 6 

Q+ P+ v2 v3 v4 v5 v6 v1 

P= v0 v7 v0 v7 v0 v7 

P− v6 v1 v2 v3 v4 v5 

Q− P+ v3 v4 v5 v6 v1 v2 

P= v7 v0 v7 v0 v7 v0 

Table 2: Change in the stator reactive power 

 𝐯𝐯𝟎𝟎 𝐯𝐯𝟏𝟏 𝐯𝐯𝟐𝟐 𝐯𝐯𝟑𝟑 𝐯𝐯𝟒𝟒 𝐯𝐯𝟓𝟓 𝐯𝐯𝟔𝟔 𝐯𝐯𝟕𝟕 
Sector1 0 0 -1 1 0 -1 1 0 

Sector2 0 1 0 -1 1 0 -1 0 

Sector3 0 -1 1 0 -1 1 0 0 

Sector4 0 0 -1 1 0 -1 1 0 

Sector5 0 1 0 -1 1 0 -1 0 

Sector6 0 -1 1 0 -1 1 0 0 

Table 3: CHANGE IN THE STATOR REACTIVE POWER 

 𝐯𝐯𝟎𝟎 𝐯𝐯𝟏𝟏 𝐯𝐯𝟐𝟐 𝐯𝐯𝟑𝟑 𝐯𝐯𝟒𝟒 𝐯𝐯𝟓𝟓 𝐯𝐯𝟔𝟔 𝐯𝐯𝟕𝟕 
Sector1 = - - + + + - = 

Sector2 = - - - + + + = 

Sector3 = + - - - + + = 

Sector4 = + + - - - + = 

Sector5 = + + + - - - = 

Sector6 = - + + + - - = 
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Figure 4: DPC schematic. 

 

5. Fuzzy logic Control 
5.1. Introduction to fuzzy logic 

Fuzzy logic is one of the strongest control methods. Fuzzy control has 3 stages. Fuzzy function 
is deduction of fuzzy diagram. In the first part, functions are drawn based on specialized 
knowledge. There are two inputs, tracking line and integral of the tracking error, for each mode 
of d and q, and one rotor voltage output from each mode is received. 

 

5.2. Fuzzy method schematic for DFIG 

In fact, fuzzy control is vector control which fuzzy logic based on vector controller (Figure 5) 
is used to track possible created error in grid [12]. 

 
5.3. Stimulation of system with Fuzzy 

Block diagram of fuzzy controller is as Figure 6. The values of stimulated DFIG have been 
presented in Table 4 and the stimulation has been done in dq reference. 

 
 

CalculationFuzzy-Logic
Controller

tj rse )( ωω −

Sum
Modulator RSC GSC

sω

rω
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sVsI

Grid
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Figure 5: Fuzzy control schematic based on DFIG. 
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Figure 6: Fuzzy control block diagram based on Matlab simulation. 

 

Table 4: VALUES OF SIMULATED DOUBLY-FED INDUCTION GENERATOR PARAMETERS 

  3KW Induction generator power rating 

0-50 Hz Frequency 

Rs = 12.5 Ω Stator resistance 

Ls=23.3 mH Stator leakage inductance 

Rr = 3.9 Ω Rotor resistance 

Lr=23.3 mH Rotor leakage inductance 

Lm = 477 mH Magnetizing inductance 

Pp=2 Bipolar Machine 

DC=120 V Line Voltage 

PMAX = 0.75 kw Maximum Power 

 
Blocks, that have been named fuzzy control, are fuzzy controllers, before the controllers, two 

sub tractors have been placed included to subtract the reference rotor current, ird and irq, from 
the rotor currents in the d and q axes for calculating the tracking current error. Due to multiplying 
of errors by the fuzzy system efficiency, the currents may be obtained large values. Therefore, they 
are multiplied by gain so that their amplitudes value is reduced. The inside of fuzzy blocks is as 
Figure 7. 

Fuzzy system (Figure 8) includes two inputs that one of them is the tracking error inputs which 
are multiplied by kp (proportional gain) and another is the integral of the tracking error input 
which is multiplied by ki (integral gain). Also, because the inputs are PI, this kind of fuzzy system 
is called PI-like-fuzzy system. 

Simulation is done in Simulink/Matlab environment. At first, the simulation of the wind turbine 
induction generator is firstly separated from the grid in the Matlab software. The parameter 
values of doubly-fed induction generator. 
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Figure7: The inside of Fuzzy control block. 

 
Figure 8: Fuzzy membership a) input 1 W b) input 2 delta c) output torque. 

 

6. Simulation results 

Simulation is done in Simulink/Matlab environment. In Figure 9, 10 and 11, the simulation 
results of the fuzzy controller and DPC controller are presented. At first, the simulation of the wind 
turbine induction generator is firstly separated from the grid in the Matlab software. The 
parameter values of doubly-fed induction generator, simulated in this paper, are presented in 
Table 4. Simulation is performed in the dq reference. 

Fig.ure 9 shows the results of stimulation for stator current parameter with two methods, DPC 
and fuzzy strategy. In Figure 12, the generator worked in nominal case. As it seen, stator current 
in fuzzy reached to the stability in 6 seconds, while in DPC method, generator worked in nominal 
without load. Nominal load applied in 0.1 second and in 2 second it decreased and stator current 
became stable. 
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Figure 9: Stator Current a) fuzzy method b) DPC. 

 
Figure 10: Rotor voltage a) fuzzy method b) DPC method. 

 
Figure 11: Active Power a) fuzzy method b)DPC method. 

In Figure 10-a, rotor voltage after 7 second was stable that is not acceptable. In DPC, system 
had swing and the load was changed in 0-2 second. After 2 second it became stable. 
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In Figure 11, the active powers obtained from the fuzzy and DPC methods were provided. In 
Fuzzy method, it reach to zero at approximately 4.5 s, which is the favorite value, but in the DPC 
method, after passing 2 s, it is fixed at approximately -950 v. 

 
Conclusions 

In this paper, two methods are presented to control the doubly-fed induction generator wind 
turbine. The direct power control method does not need to measure the rotor quantities which 
have variable and sometimes very low frequency and create high latency. In addition, this control 
method is also very close to the behavioral nature of the induction machine in this machine. Due 
to the nonlinear behavior of the induction machine and wind turbine, using a fixed control factor 
will not have the favorable response. For this reason, the control factor of speed loop replaced the 
fixed factor as fuzzy, a proportionate with two variables, the speed and the speed loop error. 
Simulations showed that the fuzzy controller could present a proper response to startup and 
normal operation. 
 

 
References 

[1] Nunes, M., Lopes, J., and Zurn, H. “Influence of the variable-speed wind generators in transient stability margin of 
the conventional generators integrated in electrical grids”, IEEE Trans. Energy Conversion, vol. 19, no. 4, pp. 692–
701, 2004. 

[2] Yang X., Gong X., Qiao W. “Mechanical sensor less Maximum power tracking control for direct-drive PMSG wind 
turbines”, Energy Conversion Congress and Exposition (ECCE), IEEE, 2010. 

[3] Tremblay, E., Chandra, A., and Lagace, P. “Grid-side converter control of DFIG wind turbines to enhance power quality 
of distribution network”, in Proc. 2006 IEEE Power Engineering Society General Meeting (PES 2006), Montreal, QC, 
Canada, 2006. 

[4] Xiang, D., Ran, L., Tavner, P. J., and Yang, S. “Control of a doubly fed induction generator in a wind turbine during grid 
fault ride-through”, IEEE Trans. Energy Conversion, vol. 21, no. 3, pp. 652–662, 2006. 

[5] Shen, B., Mwinyiwiwa, B., Zhang, Y., and Oo, B. T. “Sensorless maximum power point tracking of wind by DFIG using 
rotor position phase lock loop (PLL)”, IEEE Trans. Power Electron., vol. 24, no. 4, pp. 942–951, 2009. 

[6] Teodorescu R., Rodriguez P., Helle L. “Gird Requirements, Monitoring, Synchronizations and Control of Wind Turbines 
Under Girl Faults”, Tutorial in ISIE’07, Conf, 2007. 

[7] Ackermann, T. Wind Power in Power Systems. John Wiley & Sons, Ltd, 2005. 

[8] Aliabadi, A.; Ghazi, R. “Improving transient stability in fixed speed wind power plants using braking resistors”, The 
Twenty second International Conference on Power, 2013 

[9] B., K. Bose. Modern Power Electronics And AC Drives. USA, Prentice Hall PTR , Inc, 2002. 

[10] W. Qiao. “Dynamic Modeling and Control of Doubly Fed Induction Generators Driven by Wind Turbines”, Power 
Systtems and Exposition IEEE/PES. Vol 2. pp 1, March 2009. 

[11] Tremblay, E. Atayde, S. and Chandra, A. “Comparative Study of Control Strategies for the Doubly Fed Induction 
Generator in Wind Energy Conversion Systems: A DSP-Based Implementation Approach”, IEEE Trans. Sustainable 
Energy. vol. 2. no. 3. pp. 288–299, 2011. 

[12] Yang, Zh. and Wang, X. “Fuzzy PID control of induction generators”, 10th IEEE International Conference, 2011. 

 

Omid Rahmani et al. / Vol. 7(26), Oct. 2017, PP. 3621-3632                                                          

http://www.aeuso.org/
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Zhiming%20Yang.QT.&newsearch=true

	Omid Rahmani*, Parviz Amiri, Zahra Mokhtari and Zhale Amirjamshidi
	*Corresponding Author's E-mail: omidrahmani533@yahoo.com

