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Abstract- Using wind energy as the most important source 

of clean electricity generation in many countries is 

increasing and many wind turbines are under construction 

or exploiting around the world. One of the problems, 

which can be observed in the wind turbine is related to the 

control of reactive power produced or consumed in the 

wind turbine. Today doubly fed induction generators due 

to work in both super/sub synchronous mode and other 

benefits have the highly application among the other types 

of wind generators in the wind turbines. In this paper, the 

reactive power control of wind turbine with induction 

generator, fed from both sides of the stator and rotor using 

fuzzy logic is presented. Type of controller used in this 

paper is FLPID and to optimize the controller parameters 

in different operation modes, the Particle Swarm 

Optimization (PSO) Algorithm is used. Here, capability of 

FLPID controller that their parameters in both super and 

sub-synchronous operations, optimized with PSO 

algorithm is investigated. The obtained results indicate that 

the proposed controller can effectively control the reactive 

power of wind turbine, also can improve transient stability. 

The simulation performed by MATLAB software. 

 

Keywords: DFIG, Fuzzy Logic, PSO Algorithm, Reactive 

Power Control, Super Synchronous Operation, Sub 
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I. INTRODUCTION 

According to the limitations in fossil fuels and 

increasing the human needs to electricity energy, the 

renewable energy exploitation is rapidly growing. Among 

the renewable energy, wind energy, is the most accessible 

and cheapest energy. Therefore, the wind power plants and 

its technology are growing and expanding [1, 2]. Among 

the various types of wind power plants, wind power plants 

with doubly fed induction generator due to its great 

advantages, especially the ability to exploit in wide range 

of speed and in super and sub synchronous mode has wide 

use [3]. With increasing doubly fed induction generators 

and their connection to the power system, it is clear that 

these generators participate in the system parameters 

control, such as reactive power. 

In this paper, for having an efficient control on reactive 

power of wind power plant, fuzzy logic is used and to 

optimize the controller parameters the PSO algorithm has 

been used. The main advantage of a fuzzy controller is 

that, it is not sensitive to change the structure of the system 

parameters and operation points [4]. In wind power plants 

due to the atmospheric conditions, power plants operating 

point is changing constantly and using such controller 

would be very beneficial. In a wind power plant, there are 

various controls on power plant parameters such as output 

active power tracking on maximum power at a certain 

speed, DC bus voltage, terminals voltage, reactive power 

and etc. thus, coordinated tuning of the reactive power 

controller with other controllers is essential. 

Due to the operation of the doubly fed induction 

generator in both under and super synchronous mode, it is 

necessary that the coordinated tuning is performed in these 

both modes. In this paper, this coordinated tuning is 

performed using the PSO algorithm. In this paper, different 

parts of the power plant and the reactive power control 

algorithm using the fuzzy logic are presented. The 

parameters of the controller are coordinated in different 

operation modes using the PSO algorithm. Finally, the 

simulated results using Simulink/MATLAB are shown. 

 

II. MODELING THE WIND POWER PLANT 

The Wind Turbine and the Doubly-Fed Induction 

Generator (WTDFIG) are shown in Figure 1. AC/DC/AC 

Converts is divided into two components, the rotor side 

converter Cr, and the grid side converter Cg. The capacitor 

connected in DC side converters, acts as DC voltage 

source. Three-phase rotor winding is connected to Cr by 

the slip rings and brushes and three-phase stator winding 

is directly connected to the network. Taken power by wind 

turbine is converted into electric power by induction 

generator, then transmitted to the grid via the stator and 

rotor. The control system generates the voltage command 

signals Vr and Vgc for Cr and Cg respectively in order to 

control the power of the wind turbine, the DC bus voltage, 

and the reactive power at the grid terminals [5, 6]. 
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Figure 1. Wind turbine and the doubly-fed induction generator [7] 

 

A. Turbine Model 

Mechanical power produced by wind turbines 

according to the following equation is obtained [8]. 

31

2
m PP PC V  (1) 

where, V is wind speed, P is density of air, CP is 

aerodynamic wind turbine power factor.  

Wind turbine aerodynamic power factor depending on 

the tip speed ratio and blade angle is changed. Here the 

following equation is used to calculate CP in simulations.  

( 3)
(0.44 0.0167 )sin

15 0.3

0.00784( 3)

PC
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where, β and λ are the angle of the blades and tip speed 

respectively. The Turbine output torque is obtained using 

following relation.  

(pu) (pu) / (pu)m m rT P   (3) 

 

B. DFIG Model  

The dq model of the doubly fed induction machine is 

shown in Figure 2. 
 

 
 

 
 

Figure 2. The dq models of doubly fed induction machine 
 

The Equations in dq space and in synchronous field 

reference frame are as follows [5, 6, 9].  

/ds s ds b ds qsv R i d dt      (4) 

/qs s qs b ds qsv R i d dt      (5) 

( ) /dr r dr b r dr qrv R i d dt        (6) 

( ) /qr r qr b r dr qrv R i d dt        (7) 

( )

( )

qs ls qs mq

ds ls ds md

mq mq qs qr

md md ds dr

L i

L i

L i i

L i i

 

 





 


 


 
  

 (8) 

qr lr qr md

dr lr dr md

L i

L i

 

 

 


 
 (9) 

1.5 ( )e ds qs qs dsT p i i    (10) 

1
( )

2
m e m m

d
T F T

dt H
     (11) 

where, vds, ids, vqs and iqs are the voltages and currents of d 

and q axes of  stator, vdr, idr, vqr and iqr are the voltages and 

currents of d and q axes of rotor, φds, φqs, φdr and φqr are 

flow of d and q axes of the stator and rotor, Rs and Rr are 

resistances stator and rotor, Lmd and Lmq are the mutual 

inductance of d and q axes between stator and rotor, Lls and 

Llr are the stator and rotor leakage inductance. 

 

C. Converters Model 

AC/DC/AC Converts is divided into two components 

as the rotor side converter Cr and the grid side converter 

Cg. The Cr and Cg are the voltage source converters. The 

capacitor connected DC side converters acts as DC voltage 

source. The Cg is used to produce or attract Pg, to regulate 

DC bus voltage. Rotor side converter is used to control 

wind turbine power output and reactive power measured at 

the terminals. The rotor side converter works at slip 

frequency of machine and the grid side converter works at 

grid frequency, and both have ability to attract or inject the 

power. Thus, rotor power is defined as: 

r dc gp p p   (12) 

where, pr, pdc and pg are the active powers of rotor side 

converter, DC capacitor, and grid side converter. Which 

are defined as follows:  

r dr dr qr qrp v i v i   (13) 

g dg dg qg qgp v i v i   (14) 

dc
dc dc dc dc

dv
p v i cv

dt
   (15) 

where, vdg, idg, vqg and iqg are the voltages and currents of d 

and q axes of grid side converter vdr, idr, vqr, and iqr are the 

voltages and currents of d and q axes of the rotor side 

converter, vdc and idc are the voltage and current and C is 

the capacity of DC capacitor. 

Vector control structure of a DFIG based wind turbine 

is given in Figure 3. In [10], vector control structure of a 

DFIG based wind turbine was reported using PI regulators 

for the active and reactive power control. Here, the 

objective is reactive power control using fuzzy logic 

instead of PI controller. 

 

III. PROPOSED CONTROL MODEL 

    The most important advantage of the fuzzy controller is 

that it is not sensitive to the change of the system 

parameters and operational points. Therefore, it is a good 

candidate in the wind turbine controls. Determining 

membership functions and control rules of the fuzzy 

control design is based on the trial and error and designer 

experiences. However, for useful performance of the 

controller and appropriate output, in this paper, PSO 

algorithm is used to optimize the controller gains. Figure 4 

shows FLPID Controller. 
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Figure 3. Vector control structure of a DFIG based wind turbine [10] 
 

 
 

Figure 4. FLPID controller structure 
 

As can be seen, the controller is composed of one fuzzy 

part and a PI part. Control signal u is expressed as follows: 

u U Udt     (16) 

where, U is the fuzzy logic output and the relationship  

between input-output variables of fuzzy logic controller is 

as follows [4]: 
*U A PE DE    (17) 

where, eE k e  and * *
dE k e  Therefore, the controller 

output will be as follows: 

*

e e d e

e d e

u A At k P k D

k P edt k D

   

 

    

 
 (18) 

Because of the error derivative in the controller input, 

this controller would be same a PID controller, 

that PID gains are as, e dk P k D  is proportional gain, 

ek P  is Integral gain, and dk D  is derivative gain. In 

the controller design, determination of the gains (kd, ke, β, 

α), membership functions and control rules are very 

important. Generally membership functions and control 

rules is determined by the trial and error method and 

designers experience. 

As shown in Figure 5, fuzzy controller consists of two 

membership functions for two inputs and one membership 

function for output. Each membership function has five 

triangular sections and two trapezoid sections. Based on 

two-input and one-output membership functions, control 

rules are determined. These are shown in Table 1. To 

obtain optimal controller gain, the PSO algorithm is used. 

 

 
 

 
 

 
 

Figure 5. Membership functions of controller 

 
Table 1. Control rules of controller 

 

E 
E* 

LN MN SN Z SP MP LP 

LN LP LP LP MP MP SP Z 

MN LP MP MP MP SP Z SN 

SN LP MP SP SP Z SN MN 

Z MP MP SP Z SN MN MN 

SP MP SP Z SN SN MN LN 

MP SP Z SN MN MN MN LN 

LP Z SN MN MN LN LN LN 
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IV. PSO ALGURITHM AND OPTIMIZATION 

Compared to other optimization methods, many 

advantages of the PSO algorithm have caused it as a useful 

engineering tool [11]. In PSO algorithm, initial population 

consists of n particles that are selected randomly. Each 

particle in initial population using objective function j is 

evaluated. Every particle is real value of a k-dimensional 

vector, k is the number of parameters that we want to 

optimize them. In this paper 4k  . Therefore, each 

optimized parameter is representative of a dimension of 

the problem space. 

Corresponding to each particle, a random velocity is 

also selected in the initial population. The objective 

function is calculated at the particles location. Then each 

particle chooses the movement direction according to its 

current location and their best previous location and the 

location of the best particles in the population. All particles 

choose their direction to move and after their movement, 

one step of the algorithm is finished. These steps are 

repeated several times until desired response is achieved. 

In this method, current position of each particle in problem 

space by a velocity vector is changed and according 

following relation is placed in a new position [11].  

, , ,( ) ( 1)i k i k i kx t v x t    (19) 

In each step, velocity vectors are updated based on the 

places having the best optimized record value for the 

objective function. Velocity of particle i with dimension k 

is updated according to following equation [11]. 
*

, 1 1 , ,

, **
2 2 , ,

. ( 1) ( ( 1) ( 1)

( ( 1) ( 1)

i k i k i k

i k

i k i k

wv t c r x t x t
v

c r x t x t

     
 
     

 (20) 

where, w is a control parameter that is used for controlling 

the impact of previous velocity on the current velocity. For 

this coefficient in the basic PSO algorithms, a fixed value 

and near to one is proposed. The r2 and r1 are random 

numbers with uniform distribution between [0, 1], 
**( )ix t  

is the best position among all the individual best position 
*( )x t , c1, c2 are positive constants, in an optimization 

problem with objective function J and i particle’s best 

positions 
*( )x t  are determined as [11]: 

*( ( )) ( ( ))      ,    i ij x t j x t    (21) 

** *( ( )) ( ( ))     ,     1,2,3,....,i ij x t j x t i n    (22) 

Therefore, the location of every particle in such a 

population based on the social behavior will change. To 

optimize the controller parameters, following objective 

function is selected to obtain the best performance in the 

transient mode. 

 
2

0

simt t

t
j t Q dt




   (23) 

where, ∆Q is the reactive power changes and tsim is the 

simulation time. In this relationship, j represent the settling 

time of controller. Optimization is done in such a way that 

the j is minimized, such that  

 

min max

min max

min max

min max

e e e

d d d

k k k

k k k

  

  

  


 


 


 

 (24)

 
The PSO technique is used to find optimal values of the 

controller parameters to optimize the above problem. A 

simple and good description of the PSO algorithm is given 

in [11]. Optimal values obtained using this method is given 

in Table 2. 

 
Table 2. Optimal values of controller in sub, normal and super 

synchronous speed 
 

Parameter Operation mode 
kd ke β α 

0.213 0.351 0.058 0.092 6 m/s  wind sub synchronous 

0.091 0.753 0.134 0.273 7 m/s  wind  normal operation 

0.121 0.634 0.433 0.532 10 m/s  wind super  synchronous 

 

V. SIMULATION RESULTS 
Test system includes a DFIG based wind turbine with 

2 MW power and 690 V output voltages. It is connected to 

the infinite bus with 20 kV voltage level and 60 Hz 

frequency via a transformer and a transmission line. 
 

 
 

Figure 6. Test system 

 

To check the efficiency of the designed reactive power 

controller, two different tests perform on a test system 

using SIMULINK/MATLAB software as follows: 

 

A. Steady State in Generator Normal Operation  

In this study, wind speed regarding generator normal 

operation is considered 7 m/s. The reference power factor 

is shown in Figure 7 and the corresponding reference 

reactive power in Figure 8. The reactive power response of 

the controller is shown in Figure 8 as well. It is seen that 

the controller follows the reference value very well. 

 

B. Transient State 

For investigation of the designed reactive power 

controller in transient state, two cases is considered as 

follows B1. Controller response to changes in wind speed 

and thus the various modes of the generator operations for 

the simulation, the controller parameters are set in sub-

synchronous mode. Wind speed is considered as Figure 9 

and machine works in different modes. To achieve unit 

power plant power factor, Qref is considered zero. Control 

response is shown in Figure 10. 
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Figure 7. Power factor reference of wind turbine 

 

 
 

Figure 8. Reactive power control in steady state operation 

 

 
 

Figure 9. Wind speed changes 

 

 
 

Figure 10. Reactive power control response in transient state operation 

due to wind speed changes 

 

 
 

Figure 11. Voltage sag in infinite bus 

 

 
 

Figure 12. Controller response to 0.15 pu voltage sag in infinite bus at  
t =1 sec 

 

It is observed that when the tuning of the controllers is 

done at sub synchronous speed, the system is stable for all 

modes of operations. The B2 controller responses to 

voltage sag in infinite bus. Here we see the controller 

response to voltage sag in infinite bus. In this simulation, 

the controller parameter are set in synchronous mode,     

Qref = 0 and Vw = 7 m/s. A 0.15 pu voltage drop in the 

infinite bus lasting for 0.5 sec. is considered, as shown in 

Figure 11. It is occurred at t =1 sec. Simulation results are 

shown in Figure 12. The controller response also in this 

case is satisfied. 

 

VI. CONCLUSIONS 

This paper presents the fuzzy reactive power controller 

for the DFIG system. The purposed controller gives good 

results in damping the oscillations and improves the 

system stability of the grid-connected DFIG system. The 

controller also gives a good result in both steady state and 

transient state. The tuning of the controllers parameters 

with PSO algorithm is emphasized to ensure the stable 

operation under variable wind speed. The super 

synchronous, normal, and sub synchronous mode of 

operation of DFIG based wind turbine was investigated. It 

is observed that when the tuning of the controllers is done 

at sub synchronous speed, the system is stable for all 

modes of operations. 
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