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Abstract— The progress of wind power technology in recent 

years has exceeded all expectations. Such a progress has led 

to cost reduction to levels comparable, in many cases, with 

conventional methods of electricity generation. Anyway, the 

increased penetration of wind power in the grid has entailed 

important technical barriers that limit the development, as 

stability is a key issue.  New requirements are challenging 

the control of the wind turbines and new control strategies 

are needed to meet the target. The purpose of the thesis is to 

develop a wind turbine control system capable to handle 

short-term grid faults. 
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I. INTRODUCTION 

In this paper, introduction of wind energy conversion 

system, types, operating region, control of wind turbine have 

been presented. 

The main emphasis is to be placed on the wind 

energy generation system; modeling and simulation of wind 

energy generation system, STATCOM and DC/DC 

converter, DC/AC inverter, and its control will be analyzed 

and evaluated. The step of modeling with MATLAB and 

Simulink of the wind energy generation system is shown 

respectively and simulation results are provided. 

Wind Energy Conversion System (WECS) is the 

overall system for converting wind Energy into useful 

mechanical energy that can be used to power an electrical 

generator for generating Electricity.  

The WECS basically consists of three types of 

components: aerodynamics, mechanical, and electrical as 

shown in Figure 1.1 

 
Fig. 1: Block Diagram showing the components of WECS 

connected to grid (dashed item is architecture dependent) 

Wind Electrical energy and mechanical energy can 

also be produced by wind energy. India has 19051 MW of 

installed capacity and ranks 5th and has a potential of 

utilization up to 102772MW. Some of the major wind 

energy plants are located in Tamil Nadu (7160MW), Gujarat 

(3093MW) and Maharashtra (2976MW). 

Advances in wind turbine technology have focused 

on improving the efficiency of the components and reducing 

the number of moving parts, resulting in very reliable. And 

effective turbine designs. Today, wind turbines are an 

essential part of a reliable renewable energy system. 

II. CONTROL OF WIND TURBINE SYSTEM 

With the increase in wind turbine size and power, its control 

system plays a major role to operate it in safe region and 

also to improve energy conversion efficiency and output 

power quality. 

The main objectives of a wind turbine control 

system are. 

1) Energy capture: The wind turbine is operated to 

extract the maximum amount of wind Energy 

considering the safety limits like rated power, rated 

speed. 

2) Power quality: Conditioning the generated power 

with grid interconnection standards 

The various control techniques used in wind 

turbines are pitch control, yaw control and stall Control. But 

in the modern variable speed-variable pitch wind turbines, 

pitch control is the most popular control scheme.  In this 

control scheme, the horizontal axis wind turbine blades are 

rotated around its tower to orient the turbine blades in 

upwind or down wind direction. 

III. MATHEMATICAL MODELING OF THE WIND GENERATION 

SYSTEM 

In this chapter, mathematical modeling of different 

components of wind generation system like double fed 

induction generator, drive train model, power converters, 

STATCOM, ultra capacitors, P & O based MPPT algorithm 

have been presented.  

IV. DOUBLE FED INDUCTION GENERATOR 

The DFIG consists of stator winding and the rotor winding 

equipped with slip rings. The stator is provided with three-

phase insulated windings making up a desired pole design 

and is connected to the grid through a three-phase 

transformer. Similar to the stator, the rotor is also 

constructed of three-phase insulated windings. The rotor 

windings are connected to an external stationary circuit via a 

set of slip rings and brushes. By means of these components, 

the controlled rotor current can be either injected to or 

absorbed from the rotor windings. 

The dynamics of the DFIG is represented by a 

fourth-order state space model using the synchronously 

rotating reference frame (qd-frame) as given in (3.1)-(3.4). 
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Where,         ,     ,   are the q and d-axis stator 

and rotor voltages, respectively.              Are the q and d-

axis stator and rotor currents, respectively     ,     ,     , 

    the q and d-axis stator and rotor fluxes, respectively.    

Is the angular velocity of the synchronously rotating 

reference frame    is rotor angular velocity, and are the 

stator and rotor resistances, respectively. The flux linkage 

equations are given as 

                                                   
                                                 
                                                  
                                                 
Where      and    are the stator, rotor, and mutual 

inductances, respectively, with           And   
      being    the self inductance of stator and       

being the self inductance of rotor. Solving (3.5) - (3.8) in 

terms of current equations. 
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Where    
        

    
 

V. MATHEMATICAL MODEL OF THE STATCOM 

In this section, a mathematical model of the STATCOM 

during the steady state is used to derive the reactive power 

output expression from STATCOM and it is co-related with 

the DFIG reactive power capability to draw the reactive 

power capability curve of the combined STATCOM and 

DFIG system. 

The steady state equations of the STATCOM 

connected to the power grid as shown in Fig. is Obtained by 

applying KVL from STATCOM to the PCC as. 

                      (3.13) 

                      (3.14) 

Where Vq1, Vd1, Vqs and Vds   are q and d axis 

voltage at STATCOM terminal and PCC, respectively. Id1 

and Iq1 are the q and d axis current outputs from 

STATCOM. r1 and L1 are the Resistance and inductance of 

the tie line connecting STATCOM to the PCC. 

At steady state, DC-link current balance equation 

in STATCOM is: 
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Where   Mqs and Mds are q and d axis modulation 

indexes in STATCOM. We know that the STATCOM 

terminal voltages are given by:      
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 ,    being the DC link voltage. 

Substituting Vq1 and Vd1 into. 
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If the amount of reactive power STATCOM is 

supplying to the system is know   
  then 
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Equations (3.17), (3.18), (3.20), and (3.21) are the 

required steady state equations and. 

 
Are four unknowns so we can get the unique 

solution of the system, i.e. particular operating Condition 

From Equations (3.18) and (3.19) 
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Fig 5: Maximum values of reactive power STATCOM can 

supply for various values of line Resistance 

VI. SIMULATION OF WIND GENERATION SYSTEM USING 

MATLAB/SIMULINK 

In this paper, proposed wind generation system have been 

developed using MATLAB /SIMULINK 

A. Model of the Proposed Wind Generation System 

Model of the proposed system is shown in Fig.4.1. It 

consists of DFIG (Double Fed Induction Generator), Ultra 

capacitor, DC-DC converter, DC-AC inverter, grid and 

STATCOM. 

 
Fig. 6: Block Diagram of Proposed Wind System 

VII. MODEL OF THE WIND ENERGY GENERATION SYSTEM 

 
Fig. 7: Simulation of Wind Energy Generation System 

Model of the wind energy generation system is shown in 

Fig.4.2. It consists of three windmills, a speed controller 
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DFIG (Double Fed Induction Generator), Ultra capacitor, 

DC-DC converter, DCC inverter, grid and STATCOM. The 

simulation of the Wind Generation System is realized with 

Simulink block. 

VIII. MODEL OF THE WIND TURBINE 

 
Fig. 8: Simulation of the Wind Turbine 

Shows the simulation of the turbine. The stiffness of the 

drive train is infinite and the friction factor and the inertia of 

the turbine must be combined with those of the generator 

coupled to the turbine. 

The output power of the turbine is given by the 

following equation. 

Pm = 0.5ρACp υ3 

Where Pm Mechanical output power of the turbine (W) 

Cp Performance coefficient of the turbine 

ρ Air Density (kg/m3) 

A Turbine swept area (m2) 

Υ Wind Speed (m/s) 

IX. MODEL OF DOUBLE FED INDUCTION GENERATOR 

(DFIG) 

Shows the Simulink model of Double Fed Induction 

Generator. The Simulink model uses wind turbine, 

asynchronous generator and rotor and grid side converter. 

The various inputs of wind turbine are generator 

speed, pitch angle and wind.  

Speed which provides mechanical torque as an 

output to the asynchronous generator. The DFIG technology 

allows extracting maximum energy from the wind for low 

wind speeds by optimizing the turbine speed. 

 
Fig. 9: Model of Double Fed Induction Generator (DFIG) 

X. RESULT AND DISCUSSION 

In this paper , developed wind generation system have been 

validated under different condition like constant wind speed, 

increasing wind speed, variable wind speed, step changed 

load under normal and fault conditions. 
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XI. STEP CHANGE IN LOAD 

In this case the wind energy generation system was tested 

with Step change in load, the load 

Initially connected to the turbine is 50MW which 

change 100 MW, during this conditions the 

Input to the wind turbine is constant wind at the 

rate of 19.4 m/s. During this various system 

Components of wind generation system are tested 

such as rotor current of the three phases, rotor current of 

both direct and quadrature axis, stator current of the three 

phases and stator current of both direct and quadrature axis, 

rotor flux and rotor voltage, stator flux and stator voltage, 

rotor speed, electromagnetic torque, rotor angle, active and 

reactive power at STATCOM.  

 

Fig. 10: Rotor Current of Three Phases and d-q Axis during 

Step Changed Load 

Shows active and reactive power at STATCOM 

input during step change in load. 

During the input of power at STATCOM, the 

active and reactive power will be more and then will 

decrease and becomes zero at time t = 0.01s, then it will to 

compensate the reactive power and then transients will 

occur at time t = 0.02s vary according to load fluctuations as 

whenever there is a change in demand of reactive power due 

to variation in load, the STATCOM absorbs or deliver the 

reactive power in the circuit  

Keeping the voltage profile constant with allowable 

tolerance band. At time t = 0.05s, the active and reactive 

power increases due to step change and after time t = 0.06s, 

it becomes more and then carries on. 

 
Fig 11(a): Active and Reactive Power at STATCOM Input 

during Step Change in Load 

XII. CONCLUSION 

In this Paper, a complete wind generation system has been 

developed. From the investigations and study, following 

conclusions are made: 

 The complete wind generation system and its 

control were designed. The system is tested against 

variable wind conditions such as constant wind, 

variable wind and increasing wind. The change in 

speed of wind changes the generated output power, 

voltage and current which validate the robustness 

of the developed controller.  

 The developed system is tested against step change 

in load, with the change in load the various 

parameters of the system are affected slightly 

which validate the robustness of the developed 

controller. 

 The developed system is tested against various 

kinds of faults such as line to line fault, line to 

ground and three phase fault with constant wind 

speed. During the fault condition also the system 

performance was better and within limits. 

 Simulation results shows that the system is able to 

deliver real and reactive power out with reduced 

capacity during fault conditions. 
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