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Abstract 
 
This paper aims to analyse and present changes in the responses of the 

control loops belonging to the converter on the rotor side of a wind grid 

utilising the dual-fed induction generator (DFIG), using vector control 

directed by the network's phase angle to maximise the system's voltage 

stability. To maximise the benefits of the relative integrative controllers, a 

metaheuristic optimization technique named Grey Wolf Optimization is 

used, where the device process is assumed in the design step to improve the 

robustness of the regulation. Control loop activity is analysed utilising the 

MATLAB/Simulink environment after three-phase short-circuits arise in 

the delivery network. 

 

Keywords: DFIG, GSC, GWO, RSC, Wind Turbine, Wind Energy 

Conversion System etc. 

 

1 Introduction 
  

      The socio-economic development of modern societies is linked to the 

accessibility of energy sources and, in the last decades, the supply of energy  
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from the burning of fossil fuels has increased continuously due mainly to its 

relatively low cost [1] [2]. However, because they are limited and non-

renewable reserves, natural reserves of fossil fuels will not be able to meet 

the global energy demands of the coming decades. In addition, burning fossil 

fuels generates greenhouse gases, global warming and climate change [3] [4]. 

Thus, the energy deficit combined with environmental issues resulted in 

the need for a new paradigm to meet the energy needs of our society. In this 

context, renewable sources appear as a solution to the environmental and 

development demands of today's society. They are sources of clean, 

unlimited energy and are progressively becoming economically viable [1]. In 

recent years, the share of renewable sources in the global energy matrix has 

grown steadily, and in 2018 it represented 33% of the world's production 

capacity [5]. 

There has been a growth in energy demand and an increase in pollution 

levels, due in part to the industrialization of developing countries. To control 

current problems and contribute to sustainable development, use is 

increasingly made of electrical conversion systems using renewable sources. 

In particular, one of them is experiencing a considerable increase and is 

expected to continue growing, wind energy. 

Wind energy sources are extensively infiltrated, its intermittent nature 

can have a detrimental influence on the stability, quality and availability of 

the entire energy system. For this reason, strict grid codes have recently been 

applied that deal with the control of active energy to support the frequency of 

the grid, the control of reactive energy to support the voltage of the grid and 

the quality of energy. 

Modern systems for harnessing wind energy employ electronic power 

converters that, together with advanced control techniques, enable operation 

at variable speed of the generator and efficient control of the energy flow. In 

the current wind energy conversion systems, the predominant technologies 

are synchronous generators and doubly-fed induction generator (DFIG). The 

advantage of DFIG-based technology is that the power converter is usually 

sized for a portion of up to 30% of the generator's nominal power, thus 

reducing the costs of implementing the system and losses in the power 

converter. 

The main problem in the system arises when there is a failure in the grid, 

the currents in the converter connected to the rotor rise and can cause the 

rotor to break. 

Today the use of wind generators has increased considerably, as a 

consequence the turbines must remain connected to the grid despite the 

occurrence of faults and contribute to the regeneration of the system once the 

fault has been solved [6]. 

This paper presents an optimal PI controller framework for DFIG driven 

by wind turbine using Grey Wolf Optimization. Section two describes the 

previous work done. Section three presents the implementation of proposed  
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DFIG optimized by GWO. Results of the simulations carried out in section 

four trailed by the conclusive remarks in the section five. 

 

2 Literature Review 
 

The basic configuration of a wind energy conversion system based on 

DFIG is shown in Figure 1. In this configuration, the DFIG stator terminals 

are connected directly to the electrical grid through a transformer, whose 

function is to match the grid voltage levels with that of DFIG [7]. 

 
Figure 1 Schematic of the Wind Energy Conversion System based on DFIG [7] 

 

Power converters remains essential in wind energy conversion systems, 

and the advancement of power electronics has contributed to improving the 

efficiency of the converters, their scalability, the quality of energy and costs 

related to the implementation and maintenance of the system [4]. As already 

mentioned, the advantage of using DFIG is that the power converter used is 

dimensioned for a fraction of the generator's nominal power, usually the 

power converter's power is limited to 30% of the generator's nominal power 

which reduces significantly costs and its size, although it also limits DFIG's 

operating speed to ± 30% around its nominal speed [8]. The use of the two-

level back-to-back electronic power converter is the predominant technology 

in wind energy applications involving DFIG [8], As it makes bidirectional 

energy transfer from the electricity grid to the rotor circuit when DFIG 

operates at sub-synchronous level, and from the rotor circuit to the power 

grid when DFIG operates at super-synchronous speed [7]. The back-to-back 

converter comprises of two similar converters attached to the DC bus. In the 

case of the DFIG-based device, one of the converters is attached to the rotor 

circuit, generally known as the rotor side converter (RSC) and operates on  
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the rotor's electrical quantities — magnitude, phase and frequency — to 

control the stator's active and reactive power; the other converter is connected 

to the grid, known as the grid side converter (GSC) and reg.To minimize the 

current harmonics produced by swapping converter keys, grid-side philtres 

built with passive elements are placed at the link point between the power 

grid and the converter[8]. 

The most used filters are inductive filters (L), filters with inductor and 

capacitor (LC) and filters with one capacitor and two inductors (LCL), and 

those that use capacitors have greater efficiency, reduced size and lower costs 

[9]. The L filter which is the one with the lowest efficiency, with attenuation 

in the order of 20 dB, while the LC and LCL filters present attenuation in the 

order of 40 dB and 60 dB, respectively [10]. Optionally, a similar filter can 

be used as an interface element Between the grid-side converter and the rotor 

circuit to minimise current harmonics by switching the RSC converter keys 

and also reduce the rate of change of the voltage (dv/dt) at the rotor terminals 

[7] [11]. The high dv/dt rates compromise the insulation of the generator 

windings, increase losses in the windings and also increase electromagnetic 

emissions [11] [12]. 

Wind generation systems have expanded in recent years, with 

expectations of continued expansion due to the growing demand for 

electricity and concern for environmental impacts, since this energy matrix is 

considered clean and renewable. DFIG has also stood out in this scenario 

because it offers several advantages over other generators in the market. This 

generator has a low implementation cost and allows the controllability of the 

active and reactive power, so that special attention is being paid to this 

machine with respect to a better tuning of its controllers. Thus, the aim is to 

improve the reliability and stability of the generation system. In this context, 

works have been proposed with the objective of optimizing the control of 

DFIG as it will be presented throughout this section. 

In [13], the authors propose a method using Particle Swarm Optimization 

(PSO) to optimize the KP and KI gains of the Integrative Proportional (PI) 

controllers of the output voltage, DC link, active power and power loops 

reactive, in a wind system equipped with a DFIG. The PSO algorithm is used 

to optimize the parameters of the controllers in order to guarantee the optimal 

coordinated control of the various controllers, in addition to proposing a 

model in small signals for the analysis of system stability. The work of 

Effatnejad et al. [14] proposes a strategy for dampening the variations in 

power of an electrical system composed of DFIGs wind turbines, which are 

controlled by a Fuzzy controller as a damper of the power oscillations Fuzzy 

Controller as a  
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Power Oscillation Damper (Fuzzy Controller as a power surge absorber) 

(FPOD) together with a PSO system to optimize the parameters of the Fuzzy 

controllers. Simulations were performed in order to verify the DFIG's 

capacity to attenuate inter-area oscillations in the electrical system, obtaining 

good results. 

The work of Hagh et al. [15] presents a direct power control Direct 

Power Control (DPC) of a DFIG directly connected to the grid, where a 

Generalized Regression Neural Network (GRNN) is used to estimate wind 

speed, so as to determine online the maximum power absorbed. The proposed 

DPC system uses sliding mode control (SMC) together with a PSO algorithm 

that performs the adjustments of the gains composing a SMC-PSO system. In 

[16], the authors propose a method of dynamic optimization for the grid 

voltage control and reactive power meshes of a DFIG system directly 

connected to the grid, where a time division method is used so that different 

algorithms of optimization are applied at different times of the simulation. In 

the work of Song et al. [17], a multi-objective PSO optimization strategy is 

demonstrated for a DFIG connected to a grid with harmonic distortions. In 

that work, the multi-objective PSO algorithm is subjected to tests in four 

different conditions of harmonic distortions in the grid, being evaluated the 

behavior of the harmonic components in the stator and rotor currents, ripples 

of the active and reactive power of the stator and electromagnetic torque, to 

validate the performance of the algorithm in the four different distortion 

conditions. In the study by Tang et al. [18], a sensitivity analysis of the DFIG 

control loops is also proposed in order to observe the unified dominant 

control parameters (Unified Dominate Control Parameters (UDCP)) and thus 

direct the optimization algorithm to the most relevant parameters, reducing 

the computational load of the PSO optimization algorithm. In [19], a Fuzzy 

sliding mode controller is proposed for a wind turbine based on DFIG. In this 

case, the Fuzzy system performs the adjustments of the gains in order to 

optimize the parameters of the controllers. The system includes the maximum 

power trajectory and the control decoupled from active and reactive power, 

and the efficiency of the method is confirmed by simulation results. 

Some works only optimize controllers on the rotor side in order to 

increase the stability and robustness of the system. In [20], a genetic 

algorithm is used to perform the tuning of the RSC controllers of a DFIG 

connected to an electrical system, in order to improve the overall behavior of 

the system during and after the occurrence of faults in the grid. The 

simulation results show an increase in the power system stability margin, as 

well as an increase in the system's ability to resist failures. In [21], a 

controller for the RSC of a wind system based on DFIG is proposed. In this 

case, a vector control controlled by the stator flow is adapted to control the 

RSC of a DFIG using a double closed loop system that is modeled using the 

rotor current control and active power control loops. 
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This work follows from the range of works found regarding applications 

of DFIG control loop optimization techniques, and in particular to the 

promising results presented for the general behavior of the system when they 

are applied only to the RSC. 

This study is focused on knowing the transient behavior of electrical 

quantities at various points in the DFIG topology, including the generating 

unit, DC link and power converters, when simulating via MATLAB / 

SIMULINK, the occurrence of three-phase, two-phase and phase-to-earth 

faults in terminals of the rotor and stator of the electricity generating unit. 

One of the types of frequent faults in the system are those internal to the 

machine, in which research work seeks to identify and diagnose them right at 

the beginning of their appearance to reduce damage to the machine. For some 

characteristic faults there are several techniques developed such as: inter-loop 

faults through a new type of neural network [22] defects in the windings 

through the spectral analysis of modulated electrical signals [23], rotor 

electrical asymmetry failures from the converter control loop on the rotor 

side [24], stator winding failures taking advantage of the measurements of 

sensors already incorporated into the system [25], short circuit between turns 

and winding resistive asymmetry from the application of the Wavelet 

transform [26]. 

In addition to machine monitoring, it is important to analyze the 

interaction between the wind turbine and the grid at the time of internal and 

external disturbances to the DFIG topology. For external disturbances, the 

challenge is to keep wind generators connected for as long as possible in the 

event of power outages [27] [28] [29] [30], to maintain the continuity of 

energy generation. In the case of internal disturbances, it is important to study 

the coordination of protection and calculation of the maximum current 

allowed by the electrical network [31]. In addition to the electrical network, 

the interface transformer, the machine, stator and rotor windings, mechanical 

parts, DC link and power converters need to be protected to improve the 

reliability, safety and overall performance of the turbine, in addition to 

minimizing the maintenance cost [32]. 

In the case of faults, three-phase short circuit searches are frequently 

found at the machine's stator terminals, graphically analyzing and 

mathematically describing the characteristics of the fault current fed by the 

DFIG [31] [33] [34] [35]. 

These researches, however, are limited to the study and analysis of three-

phase short-circuit and the literature still lacks the analysis of the transitory 

behavior of DFIG, including the generating unit, DC link and power 

converters, at the time of other types of faults in the stator terminals, such as 

biphasic and ground-phase, as well as faults in the rotor terminals. Therefore, 

this study seeks to fill this gap by using a swarm intelligence method i.e. 

Grey Wolf Optimization from a simulation via MATLAB / SIMULINK. 
 



                                                                                                                  
 

 

 

 

 

 

Optimization of the Control Parameters of the Converter on the Rotor Side of A 

DFIG Connected Wind Energy Conversion System Using Grey Wolf Optimization 9829  
 

3 Proposed Methodology 
 
3.1 Doubly-Fed Induction Generator (DFIG) 
 

In this heading, the concepts related to the modeling and control of DFIG 

will be addressed, as well as some tools necessary to understand its modeling 

such as the Park transformation or    (Direct-quadrature-zero) 

transformation. Aspects related to the control of RSC and GSC converters are 

also dealt with, such as their functions and their respective control loops. 

 

3.1.1 Park (  )Transformation  
 

The    transformation was initially proposed for the analysis of 

synchronous machines, with the objective of transporting the variables from 

the stator to the rotor plane. However, it can be conveniently used in studies 

and in the control of asynchronous electric machines. It is linear and invariant 

in potency, however, it generates a set of hypothetical variables that facilitate 

the analysis and control of the induction machine. The spatial distribution of 

the    transform can be seen in Figure 2. 

 

 
Figure 2 Spatial Distribution of the Vectors   ,    and    [36] 

 

As can be seen in Figure 2, the axes   (direct) and   (square) are not in a 

fixed reference. They rotate at a speed defined by , so that the fixed stat 

windings behave as such, and the rotating rotary windings as pseudo-

stationary rotational windings, so that only the rotor windings are influenced 

by the Park transform [37]. The    transform obtained from the    

transform is shown in (Equation 1). 
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]        (1) 

 

With the Park transform it is possible to convert a set of rotating 

windings into a set of fixed windings, producing the same effects. The 

currents that circulate through the fixed windings will have a different 

frequency than the currents of the rotating windings. In this way, it is evident 

that the rotor windings are fixed, but the rotor is in motion, which is only 

possible on a switching machine. Thus, the    transform transforms common 

windings, fed through rings, into windings fed through brushes and 

commutator, making the control of the three-phase induction machine similar 

to the control of the direct current machine [37]. 

The    transform will be very useful for the analysis of the equations 

that follow in this work, since the DFIG model and the control loops to be 

presented are expressed in this coordinate system. 

 

3.1.2 Dynamic DFIG Model on the    Axes 
 

DFIG can be conveniently analyzed by modeling the three-phase 

induction machine [38]. In this way, the mathematical models for the stator 

and rotor windings are expressed in equations (2) and (3), respectively. 

{
   

      
      

 
 

  
   

   
      

      
 

 

  
   

      (2) 

 

{
   

      
 (      )   

 
 

  
   

   
      

 (      )   
 

 

  
   

     (3) 

Where, 

   
 is the stator voltage on the direct axis in Volt (V); 

   
 is the stator voltage on the quadrature axis in Volt (V); 

   
 is the rotor voltage on the direct axis in Volt (V); 

   
 is the rotor voltage on the quadrature axis in Volt (V); 

   is the stator resistance in Ohm (Ω); 

   is the rotor resistance in Ohm (Ω); 

   
 is the stator current on the direct axis in Ampere (A); 

   
 is the stator current on the quadrature axis in Ampere (A); 

   
 is the rotor current on the direct axis in Ampere (A); 

   
 is the rotor current on the quadrature in Ampere (A); 

   
 is the stator concatenated flow on the direct axis in Weber (Wb); 

   
 is the stator concatenated flow on the quadrature axis in Weber (Wb); 

  is the number of pole pairs of the machine. 
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The relationships between    flows and stator currents are shown in 

(Equation 4): 

{
 
 

 
 

   
      

      

   
      

      

   
      

      

   
      

      

      (4) 

Where, 

{
         

         
      (5) 

Being: 

   is the stator inductance in Henry (H); 

   is the rotor inductance in Henry (H); 

   is the mutual inductance in Henry (H); 

    is the stator dispersion inductance in Henry (H); 

    is the rotor dispersion inductance in Henry (H); 

 

By substituting Equation (4) in equations (2) and (3), equations (6) and (7) are 

obtained: 
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Thus, the DFIG equivalent circuit in the    variables can be seen in 

Figure 3 for the direct axis and in Figure 4 for the quadrature axis, both with 

   synchronous speed. 
 

 
 

Figure 3 DFIG Equivalent Circuit on the Direct Reference Axis   [38] 
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Figure 4 DFIG Equivalent Circuit on the Quadrature Reference Axis   [38] 

 

The electromagnetic torque    of the machine must also be analyzed and 

it can be calculated by equation (8): 

   
 

 
(
 

 
) (   

   
    

   
)                (8) 

Where the coupling between electrical and mechanical variables can be 

calculated by (9): 

    
   

  
            (9) 

Where 

  is the coefficient of inertia in (     ); 

  is the friction coefficient (dimensionless); 

   is the electromagnetic torque in   ; 

   is the mechanical torque in   . 

 

3.1.3 Rotor Side Converter (RSC) Control 
 

The rotor-side converter has the function of controlling the flow of active 

and reactive power in the generator by varying the voltages and frequencies 

injected into the rotor windings. From this variation, it is possible to control 

other aspects of generation, such as the level of voltage generated at the stator 

terminals, the torque, the machine rotation and the generator power factor 

[39]. 

The grid of the   axis controls the electromagnetic torque, while the current 

grid of the   axis controls the power factor receiving its reference   
  from the 

reactive power control grid   [40] [41]. This relationship is valid when using 

the position of the statistical flow to guide the transform system. When using 

the stator voltage position, the function of the meshes of the   and   axes is 

reversed. Figure 5 shows the RSC control diagram. 

In this control step, the      
 currents are measured directly in the 

windings of the machine's rotor due to the presence of the slip rings. These 

currents are transformed into the    system, generating the currents    
 and 

   
, subsequently compared with the reference corridors    

  and    
  of the 

rotor current control loops. The error generated by the comparison feeds the 

controllers      
 and      

, which are tuned according to the transfer 

functions of the current plants    
 and    

. 
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Figure 5 RSC Control Diagram [43] 

 

The plans of the rotor current loops are identical, allowing only one of 

them to be used for tuning the two PIs that receive the same gains    and    

[42]. The transfer function of the    
 mesh is defined by Equation (10). 

    
 

  
 

       
        (10) 

    
  
 

    
              (11) 

    
 is the transfer function of the    

 current loop, 

   is the relationship between the number of rotor and stator turns. 

PI controllers generate the estimated and non-compensated voltages    

   

and    
   in their respective outputs. However, such stresses, due to the 

coupling present in the system, are influenced by the stator variables, as can 

be seen in the second term of Equation (12) [44]. 

{
   

      
       (

  
 

  
          

)

    

      

            
                       

       (12) 

 

In which: 

      (      )        (13) 

With: 

   

   is the estimated rotor voltage on the direct axis and without compensation 

in Volt (V); 

   
   is the estimated rotor voltage on the quadrature axis and without 

compensation in Volt (V); 

      is the slip   in radians per second (rad/s). 

  Due to the presence of this coupling, it is necessary to use a supply in 

order to compensate for this coupling by adding the variables     

  and     
  

[45]. These variables must be calculated according to the equations shown in 

(14). 
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{
    

               
                        

    
       (

  
 

  
            

 )
      (14) 

After this compensation, the control signal goes to the converter, which 

will synthesize the ABC voltages and their respective frequencies to be 

delivered to the rotor. 

 
3.1.4 Grid Side Converter (GSC) Control 
 

The key role of the grid side converter is to control the voltage on the 

condenser, controlling, controlling the dynamics of absorption and power 

delivery from the rotor to the electrical grid [46]. This function is controlled 

by the voltage control loop    , in which the reference voltage    
 ) is fixed at 

a value higher than the peak voltage of the grid where the generator is 

connected [47]. The reference is compared with the current     voltage. The 

error signal obtained by the comparison is then processed by the        

controller which, in turn, provides the reference value    

  for the current axis 

of the direct axis, where it will be compared with the current value of    
. 

The error obtained is processed by a        controller that supplies the 

voltage    
  to be synthesized by the GSC converter at voltages and 

frequencies that controlled the voltage value over the capacitor of the DC link 

and consequently the bidirectional power flow of the machine. The GSC 

control diagram can be seen in Figure 6. 

The GSC control is also used to ensure that, when power is exchanged 

between the grid and the rotor, only active power circulates. For this, the 

current grid of the quadrature axis has its reference    
  set to zero. In this 

way, the currents circulating in the converter do not assume imaginary 

values, thus there is no reactive power traffic through the converter [48]. The 

reference current   
  is compared with the instantaneous value of   , the error 

arising from the comparison being processed by a PI controller which, in 

turn, supplies the voltage    which is delivered to the converter modulation 

[49]. 

 

 
Figure 6 GSC Control Diagram [49] 
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3.1.5 Active Power Control 
 

This section presents the strategy for controlling the active power of the 

generator, which is closely related to the use of wind energy that is captured 

by the turbine. This system is responsible for ensuring that the generator 

follows a certain reference of active power that can come from the maximum 

power curve or from a simple constant, as long as the conditions of 

generation allow the production of the same. The maximum power curve 

allows the generator to extract the maximum power provided by the different 

wind speeds. The equation that defines the maximum power    that a turbine 

can extract from a column of wind that flows through its blades is given by 

equation (15) [45]. 

   
 

 
    (   )  

            (15) 

Where: 

  is the density of the air in kilograms per cubic meter (     ); 

  is the turbine area in square meters (  ); 

   is the wind speed in meters per second (   ); 

  (   ) is the maximum power coefficient of a wind turbine. 

In Equation (15)    represents the turbine efficiency coefficient that is 

calculated in (16). By definition, the factor   (   ) can assume values 

ranging from 0 to 0.59 depending on the constructive characteristics of the 

turbine and the parameters   and  . 

  (   )    (
  

 
       )   

  
         (16) 

Where: 

  is the pitch angle of the turbine blades in radians (rad); 

      are the parameters related to the construction characteristics of the 

wind turbine; 

   is the angular speed of the turbine in radians per second (rad/s). 

  
   

  
      (17) 

Where,   is the turbine radius in meters (m). 

Finding the maximum value of   (   ) that the turbine can assume is 

possible, from Equation (15), to find the maximum possible power to be 

extracted from different wind speeds [50].  

There is another simplified methodology for obtaining active power 

control, where it can be designed using only the    
 current loop. In this 

method, the maximum possible power is calculated using the wind speed    

as a variable in equation (16). So it is applied (18) to find the reference    
  

that the current control loop    
 should receive to adjust the torque of the 

DFIG axis and, as a consequence, the maximum possible power. 

   
   (

     

  |  |
)                  (18) 
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       (19) 

Where   is the torque in Newton meter (N.m). 

Another method for controlling the active power of the DFIG is based on 

using an active power control loop outside the    
 current control loop. This 

way, you can control the active power using a reference from the maximum 

power curve. Figure 7 shows the active power control loop  . 

 

 
 

Figure 7 Stator active power control loop [20] 

 

Both methods of controlling the active power presented in this section 

involve the current loop   
. In this way, an adequate tuning of this mesh, in 

addition to contributing to the stability of the system, also contributes to the 

energy efficiency of the DFIG, since the constant changes that occur in the 

wind speed cause changes in the    
  reference both when operating using 

only the    
 mesh in the control of    and when the    

 loop is used internally 

to the active power loop  . 

 

3.1.6 Terminal Voltage Control Loop 
 

The DFIG terminal voltage control loop is responsible for maintaining 

the voltage generated at the DFIG terminals at the same voltage level as the 

network to which it is connected, so that the voltage fluctuations do not 

exceed values established by the safety standards of energy required from 

utilities. Figure 8 shows the block diagram of the terminal voltage control 

loop.  

In the block diagram of Figure 8, a simplified block is used that 

represents the    
 current loop because its dynamics are much faster than that 

of the    
 control loop. In this way, the closed loop transfer function of the 

terminal voltage control loop is given by (20). 

   
 

  
  
  

[      (     )]
             (20) 

 

As the DFIG operates with its stator connected directly to the electrical 

network, it becomes sensitive to variations that occur in it, such as faults and 

load inputs. Thus, it is very important that the tuning of this grid is well 

performed to ensure the best possible stability of the voltage levels of the  
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electrical system and that the generator does not become unstable, forcing it 

to be removed from the generation system [51]. 

 

 
 

Figure 8 Terminal voltage control loop [51] 

 

In this section, the mathematical equations used in the DFIG model were 

presented. It was also explained about the meshes present in the vector 

control that is commonly used in the operation of DFIGs, and for this reason 

it was the control method selected for this work. With the explanations of this 

work, a general understanding of the functionalities of each DFIG control 

loop has presented and thus better understand the objectives of the 

optimizations applied to this work. 

 

3.2 Grey Wolf Optimization 
 

The GWO algorithm is a heuristic optimization method. Heuristic 

optimization; It is a method of dealing with the solution of a problem-

problem as close as possible regardless of whether its accuracy is provable or 

not. The GWO algorithm imitates nature's leadership and hunting process of 

grey wolves. In the grey wolf hierarchy, 4 types are applied as Alpha, Beta, 

Delta and Omega [52]. The leader in the grey wolf hierarchy is the Alpha 

wolf, and the flock's decision to hunt, its sleeping place, time to get up, etc. It 

has responsibility in such events. The Beta wolf, which ranks second in the 

hierarchy, is known as the Alpha wolf's assistant in decision-making and 

other herd activities. The beta wolf transmits the Alpha wolf's orders to the 

other wolves and returns. The beta wolf replaces the Alpha wolf with its 

aging or withdrawal. The lowest ranked Omega wolf in the hierarchy is 

always eating, waiting for the other wolves to be fed and come to him. The 

Omega wolf always chooses the dominant wolf [52]. If the Delta wolf, which 

is in the third place in the hierarchy, is the wolf-hunting hierarchy, grey 

wolves first engage in hunting behavior, then follow, approach and follow 

their prey sequentially, and finally follow, disturb and contain. This is 

tracking, containment and hunting [52]. 

Social Hierarchy: Provides GWO design by making mathematical modeling. 

Alpha is used as the best solution. Then,named Beta and Delta, second and 

third solution respectively. It is considered as Omega, who remained as a 

candidate for solution [52]. 

Surrounding Prey: As noted above, grey wolves surround prey during prey. 

The following equation (21) and equation (22) are as follows in  
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mathematical modeling in the containment behavior, respectively [52]. Here 

  indicates the current recursion.   and   are the vector coefficients,    is the 

vector of the prey position,   is the position vector of a grey wolf. Vector   

and   are calculated as in equation (23) and equation (24) below. 

 ⃗⃗  |          ( )|                (21) 

  (   )           ⃗⃗                     (22) 

                             (23) 

                          (24) 

Grey wolf in position x,y) updates its hunting position (X*,Y*). The best 

agent will hit various positions by adjusting A and C vector values to their 

current place. The same definition can be applied in n-dimensional search 

areas. And the grey wolves can pass around the right option in a hypercube. 

Hunting: The grey wolf will identify and encircle the spot. Alpha, Beta and 

Delta typically lead the chase may even occasionally join the search. Suppose 

Alpha (best candidate solution) is Beta and Delta knows better about the 

prey's possible position. Therefore the top three results are registered so far 

and the location of other search agents (including Omega's) is modified to the 

place of the best search agents. The equations shown below for these changes 

are equation (25), equation (26) and equation (27)[52]. 

 

 ⃗⃗   |          |  ⃗⃗   |          |  ⃗⃗   |          |    

(25) 

            ( ⃗⃗  )             ( ⃗⃗  )             ( ⃗⃗  )       

(26) 

  (   )  
 ⃗    ⃗    ⃗  

 
             (27) 

It appears to be in a random location inside a circle identified in the last 

search region by the Alpha, Beta, and Delta positions. Alpha, Beta, Delta 

predict prey location and other wolves randomly change their locations 

around prey. 

Attack on the Ava (Exploitation): The grey wolf attacks the prey when the 

hunt stops and ends the hunt. In turn, we decrease the value of a vector of the 

approaching prey with a mathematical model. Thus, the vector A connected 

to the vector a decreases. In other words, the vector A is a random number 

between the value of [-2a, 2a] and (a) has been reduced from 2 to 0 during 

the iteration. If there is a random value in vector A [-1,1], the search agent's 

next location which be at every position between the prey's current position 

and position. 

Searching for Prey (Exploration): Grey wolves search by the location of the 

wolves. Grey wolves scatter to search, and when they find prey they gather to 

attack [52]. Mathematically, the vector A is used for random values greater 

than 1 in the deviation model. The defined vector C contains [0,2] random  
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values. C is required to always provide random values during exploration. To 

summarize in general, obstacles in nature occur when the wolves are hunting, 

prevent the wolf from approaching the prey quickly and comfortably, which 

is exactly what the C vector does. Predict Alpha, Beta, Delta and the probable 

location of worms and predators. Hunting distance is updated for each 

candidate solution route. Finally, a final criterion completes the GWO 

algorithm. 

 

4 Simulation and Results 
 

In this section, the results obtained with the application of the GWO 

algorithm developed here to perform the tuning of the controllers will be 

presented. The results obtained for each simulated case will be compared 

with each other and with the standard gains of the Simulink DIFG application 

in order to quantify the performance of the proposed algorithm. 

 
Table 1 Simulation Parameters of the GWO Optimized DFIG System 

Parameter Values 

Rotor resistance    0.00289Ω 

Stator resistance    0.00259Ω 

Rotor load    0.002586 H 

Stator load    0.002586 H 

Mutual Inductance M 0.0025 H 

Active power proportional gain    2.42 

Reactive power proportional gain    2.35 

Rated power for generator   2MW 

Frequency   50 Hz. 

Generator (electromagnetic) Torque     13000 NM 

   

 

 
 

Figure 9 Simulink Diagram for Proposed DFIG Controller 
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Figure 10 Simulink Diagram for Rotor Side Converter Control 

 

 
Figure 11 Simulink Diagram for Grid Side Converter Control 

 

 
Figure 12 Simulink Diagram for Speed Regulation 

 

The DFIG generator is designed with GWO optimization using 

MATLAB-Simulink. The bandwidth was chosen to achieve a compromise. 

It's about finding a compromise between maximizing energy capture and 

reducing stress. This choice of bandwidth allows us to track the trend towards 

the optimum average rotor speed. This ensures efficient capture of wind 

energy without  
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severe turbulence. In fact, the following turbulence causes wind turbine 

fatigue. The Simulink model for the proposed work is shown in Figures 9-12, 

and the simulation results are shown in Figures 13-20.  

 
Figure 13 Comparison for Angular Speed of the Turbine with and Without GWO 

Optimization 

 

 
Figure 14 Stator Current Comparison 
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Figure 15 Rotor Current Comparison 

 

 
Figure 16 Comparison between Electromagnetic and Mechanical Torque Values 
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Figure 17 Comparison of Active Power with and Without GWO Optimization 

 

 
Figure 18 Comparison of Reactive Power with and Without GWO Optimization 
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Figure 19 Comparison of Bus Voltage with and Without GWO Optimization 

 

 
Figure 20 Output Voltage Comparison For  ,    And    
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The angular velocity of the turbine is shown in Figure 13. Comparison of 

the stator and rotor currents are shown respectively in Figures 14 and 15. 

However, avoid high speeds that deviate from the optimal target. This 

provides an acceptable drive torque. Figure 16 shows a comparison of 

electromagnetic and mechanical torque which has a slender shape relative to 

wind speed. 

The active and reactive power obtained with and without GWO 

optimization is shown in Figures 17 and 18. This figure shows the optimum 

strength. This figure indicates the captured aerodynamic strength is similar to 

its optimum value. Or rotor speed does not balance rotor speed, it is better 

that the aerodynamic power matches the optimal value. Comparison of bus 

voltage and output voltage is shown in Figures 19 and 20, respectively.  
 

4 Conclusion 

In this work, the voltage stability of a DFIG generator was analyzed. To 

increase such stability, the gains of the controllers on the rotor side were 

tuned simultaneously and automatically using an algorithm based on GWO. 

The developed algorithm considers different points of operation of the wind 

system, aiming that the gains obtained by the optimization are robust to a 

wide range of operation of the system. Simulations were carried out in which 

the occurrence of three-phase faults, which proved the efficiency and 

robustness of the gains obtained by the algorithm. In order to test the 

robustness of the system, simulations were made considering a different 

operating point than those used in the project where again the gains provided 

by the optimization showed better responses than the standard gains of the 

DFIG wind system used in the tests. Thus, the proposed algorithm performed 

well, increasing the terminal voltage stability of the DFIG in the face of 

disturbances that occur in the distribution network, which in turn can cause 

intolerable fluctuations in the distribution network, resulting in possible 

generator shutdowns.  
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