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Abstract 

Wind energy is one of the extraordinary sources of renewable energy due to its clean character and free 
availability. With increase in wind power penetration, the wind farms are directly influencing the power systems. 
The majority of wind farms are using variable speed wind turbines equipped with doubly fed induction 
generators (DFIG) due to their advantages over other wind turbine generators (WTGs). Therefore, the analysis of 
wind power dynamics with the DFIG wind turbines has become a very important research issue, especially 
during transient faults. In this article, a controller is provided to control the active and reactive power of a wind 
system equipped with doubly fed induction generator. The generator is connected to the grid by a back to back 
converter that gets benefit from control system known as single periodic controller. Grid and generator side 
converters respectively control the generator speed and reactive power using proposed controller. In order to 
increase the accuracy of controller, we optimized its PI parameters using genetic optimization algorithm. Finally, 
simulation results conducted by the MATLAB software are shown. The results of simulation gained through this 
system, show the capability of proposed controller under error conditions for controlling active and reactive 
power and also elimination of harmonics caused by non-linear load. 

Keywords: doubly fed induced generator, control system, PI parameters, genetic algorithms 

1. Introduction 

Due to the diversity of human needs in relation to energy and inability of direct use of many primary energy 
resources, humankind would change and transform these energies to desired type of energy such as electric 
energy. Electric energy is produced mainly by fossil fuels. The fossil fuels in addition to their limited life, are 
associated with environmental problems. Hence, use of renewable sources such as wind has been proposed. 
(Moghadas Tafreshi, 2011).Increase in use of renewable energy is due to their compatibility with environment, 
availability and low costs. (Gautam, Vittal, Harbour, 2009) The use of wind energy in many countries is growing. 
In current situation regarding the economic feasibility of wind energy compared with other resources of new 
energies, getting benefit from wind energy is widespread and Iran is not an exception.  

After rising oil prices in 1973, advanced industrial countries were forced to consider energy problems more 
seriously, and this was the beginning of long-term programs in the field of energy saving and optimization. In 
other words, the use of renewable energy sources, especially wind energy, was the agenda of these countries. 
One of the main problems that should be considered in use of wind turbines, is their control. In general, control 
of wind turbines is two main axis, which includes: 

1. The maximum absorbable wind mechanical power from wind turbine for different values of wind speed would 
be different. So the maximum absorbable wind mechanical power at every moment should be determined. 

2. Turbine generator should be controlled so that can track and produce the maximum mentioned power at any 
moment. Wind turbine systems equipped with double-fed induction generator have the following advantages: As 
a result of constant frequency of network and adjusting the electric frequency of rotor, control of mechanical 
speed and absorbance of maximum power of the wind turbine is possible. Hereby, depreciation of mechanical 
devices is reduced.  

Generally, a wind turbine can be equipped with three phase generator. Nowadays, need for creating a flow 
electrical compatible with network is possible by frequency converter connected to the network. Even if flows 
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are in two alternate forms of variable frequency or direct flow (DC). 

Common used generators in wind turbines are as follows: 

1. Synchronous Generator  

2. Asynchronous Generator  

Usage of induction generators (Asynchronous Generator) in wind energy conversion systems is increasing, that it 
is because of low cost, strength and low needs to their maintenance (Chen, Hsu, 2006). The most important 
advantages of these generators are their sustainability, simple mechanical structure and mass production with 
lower price. In recent years, wind turbines with double nutrition (DFIG) are highly regarded by manufacturers. 
Their variable speed makes this ability that turbine can operate work at maximum efficiency in wider range of 
wind blowing (Gautam, Vittal,, Harbour, 2009). Other advantage of DFIG is absorption of wind fluctuations by 
changing the rotor speed rotation and the lack of their transmission to the grid. Control unit of a wind system is 
considered as the most important part of a system to get the best efficiency. Many different methods have also 
been proposed which along with their advantages, there were disadvantages as well. 

Among the important ways, we can mention Pulse width modulation method ( PWN ) that is a linear control 
method. There are other methods such as Programmed PWM and SPWM which are sub-branch of PWM 
(Kazmierkowski, 2002). The Current mode control method has been used that is a common applicable method in 
pneumatic control systems. Other control methods, such as SVM , MRAS  are used also, of course, their 
applications are less than PWM(Forchetti, Garcia, Valla, 2002; Cardenas, Pena, Clare, Asher, Proboste, 2008) . 
Another method is fuzzy Control System is based on fuzzy logic. This type of control, approaching the human 
reasoning that makes use of the tolerance, uncertainty, imprecision, and fuzziness in the decision-making process, 
manages to offer a very satisfactory performance, without the need of a detailed mathematical model of the 
system, just by incorporating the experts’ knowledge into fuzzy rules. In addition, it has inherent abilities to deal 
with imprecise or noisy data; thus, it is able to extend its control capability even to those operating conditions 
where linear control techniques fail (i.e., large parameter variations). This system has four main parts. First, 
using input membership functions, inputs are fuzzified, then, based on rule bases and inference system, outputs 
are produced, and finally the fuzzy outputs are defuzzified and applied to the main control system. Error of 
inputs from their references and error deviations in any time interval are chosen as inputs. 

In this article in section 2, wind system model using the double-fed induction generator is provided, in section 
2-1 a wind turbine is described. In Section 2.2 wind turbine model is discussed. In Section 2-3 model of doubly 
fed induction generator is described. In section 3 controller is explained and in section 4 simulation results 
conducted by the MATLAB software are shown. Finally at final section, the result of proposed method is 
revealed. 

2. Wind Turbine Model Using DFIG 

2.1 Wind Turbine 

As shown in Figure 1, the structure of a wind turbine is designed to connect DFIG stator directly to its rotor 
circuit by a back-to-back converter (ADC generator and grid side converter) with sliding rings to the grid. There 
is a capacitor between two converters which is called DC link. This capacitor is used as energy storage and also 
to keep the voltage variations (ripple voltage) fixed. Under normal operation, DFIG through the grid side 
converter can control active and reactive power needed in the system independently (Yanhua, ZhangZhao,, Ma, 
2011; Lesan., Tarymrady, 2002) This application is performed by control method which is called Single periodic 
control (Lock, da Silva, Elbuluk, Jacobina, 2009; Femia, Fortunato, 2008) 

 

 
Figure 1. DFIG connected to the back to back converter 
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2.2 Wind Turbine Model 
In order to fully understand the performance of Wind Turbines, a mathematical model is expressed below based 
on some assumptions. 
In this Model, equations of wind turbine are as follows: 
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 Pm is the mechanical power of turbine, airρ  Air density, Vwind wind speed, mω  rotational speed of turbine, 

β  blade angle of wind turbine, R the radius of turbine. Power coefficient curve ),( βλpC , for a certain speed 

and λ . Characteristic is noticeable. As well as constants coefficient C 1 up to C 2 given by the manufacturer. 

),( βλpC  Should not extend more than its limitation 59.0max =pC  which is called Betz. This coefficient is 

used for continuous operation of the turbine .( Gautam., Vittal, Harbour, 2009)  In this article, we assume that 
the turbine blade angle is constant ( 0=β ). 
2.3 Doubly Fed Induction Generator Model 
The dynamic model of voltage and stator flux in induction generator (asynchronous reference) is expressed by 
equations (5) - (8): 

(5)ss
s

sss j
dt

diRv ϕωϕ ++=  

(6)rslip
r

rrr j
dt

diRv ϕωϕ ++=  

(7)rmsss iLiL +=ϕ  

(8)smrsr iLiL +=ϕ  

where LS=L1s+Lm and Lr=L1r+Lm are  and rsslip ωωω −= is frequency slip. 
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Table 1. Parameters of induction machine and transmission line 
Rated voltage 580(v) 
Rated power 10(MVA) 
Network frequency60(Hz) 
Power coefficient 0.92 
Rated speed 1200(rpm) 
Rs 0.0072(H) 

 0.172(H) 
 0.055(Ω) L  0.157(H) 

Lm 3(H) 
J 5.03(kg.m^2)
Line length  30(km) 

  
In order to achieve the optimum response by controller, the genetic optimization algorithm for optimizing 
parameters of PI existing in One-time control circuit is proposed. The used algorithm is called a genetic 
algorithm. In this simulation the defined target that should be optimized, is the voltage recovery time to the 
primary mode after the changes. Parameters Kp And Ki, are optimum variable algorithms that can be obtained by 
objective factor (the minimum voltage recovery time). Respectively in Table 2 optimum parameters for PI 
controller in the system are shown.  
 
Table 2. Optimized PI parameters   

KIKpParameters 
0.290.055Under error condition 

 
4.2 Wind Speed Pattern 
In this model, the entered wind speed into the wind turbine is given in equation (11) . 

(11)( )
=
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n
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iiiw tAvv

0
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In the above equation 06.01 =A , 01 =ϕ and πω =1 . We consider the wind speed in fluctuation simulation 
and in wind speed base v0 = 11. under the equation (12) fluctuations of wind speed within the speed base 12m / s 
Continues till entering the turbine and then power output can also be obtained. According to equation (12) cubic 
wind speed has a direct relation to obtained power from the wind turbine. So received optimum from wind can 
be stated as below: 
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In the above equation max
pC is the maximum power coefficient and  optλ the optimum ratio of blade tip speed 

to wind speed that their values are obtained in continue. 
According to equation (12) and considering the fixed angle of wind turbine blades )0( =β and due to constant 

8=optλ and R=1m then 49.0max=p is obtained. 
4-3 controlling the output active power of turbine 

Output active power of the wind turbine and input to the generator according to equation (12) only depend on 

changes of optimal speed of generator )( 3 optr −ω . Thus, by controlling the speed of generator at desired 

amount then output power can be also controlled. In this paper, the Maximum power point tracking of wind 
(MPPT) is used. By assuming an approximate fixed value for wind speed, we also can keep the generator speed 
and output power of the turbine in a fixed value by a single periodic controller. As a result, this power for 
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5. Conclusion 
In this paper, in order to control the existing converters in a pneumatic system equipped with doubly fed 
induction generator, we used a single periodic control method. The input power to the generator is controlled by 
controlling the generator speed and we also control the reactive power by controlling the bus voltage under error 
condition in the grid using a single periodic controller. Genetic optimization algorithm is used in order to achieve 
optimal parameters of PI controller. 
The results of this control method show its capability for controlling the active and reactive power and also 
elimination of harmonics caused by non-linear load. Finally, by comparing the single periodic method with 
common and famous PWM method, the accuracy and speed of the proposed single periodic method is specified. 
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