
IJSRD - International Journal for Scientific Research & Development| Vol. 1, Issue 9, 2013 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 2045 

Modeling and Analysis of Wind Power Generation Using PID Controller 

B Bhargava Reddy1 D Sivakrishna2 A V Sudhakara Reddy3 

 1P. G. Student 
2
Assistant Professor 

3
HEEED & Assistant Professor

 

1,2,3 
Department of Electrical Engineering 
1, 2, 3

 BITS, Proddatur, A.P, India 

 

Abstract— in recent years, wind energy has become one of 

the most important and promising sources of renewable 

energy, which demands additional transmission capacity and 

better means of maintaining system reliability. The 

evolution of technology related to wind systems industry 

leaded to the development of a generation of variable speed 

wind turbines that present many advantages compared to the 

fixed speed wind turbines. A new control strategy stator 

field oriented control to capture optimum power from the 

wind through closed loop current control and rotor speed 

regulation of DFIG. The wind turbine characteristics and 

optimum power curve has been introduced. The generator 

active and reactive power is decoupled and controlled by 

stator currents.  Mathematical model of DFIG with current 

control loop using PID controller is designed simulation 

results in Simulink show the effectiveness of the strategy to 

maximize the power extracted from the wind. 
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I. INTRODUCTION 

Generation of power from renewable energy sources is more 

promising due to its clean character and free availability. In 

the last two decades, research carried out specifically on 

wind power generation systems to capture more power at 

fluctuating wind speeds. The conventional energy sources 

are limited and have pollution to the environment. So more 

attention and interest have been paid to the utilization of 

renewable energy sources such as wind energy, fuel cell and 

solar energy etc. Wind energy is the fastest growing and 

most promising renewable energy source among them 

because it is abundant, cheap, inexhaustible, widely 

distributed, clean, and climate-benign, a set of attributes that 

no other energy source can match. In India, is been the total 

installed capacity of wind power generation is 8754 MW in 

the year 2008. By the end of 2012 the total installed capacity 

is going to be reached to 12000 MW according to ministry 

of new and renewable energy. Turbine generators (WTGs) 

can be divided into two basic categories :( i) fixed speed and 

(ii) variable speed. The fixed-speed generator has a low 

efficiency of wind power conversion and no ability to 

provide reactive power support. It also imposes mechanical 

stress on the turbine and requires complex pitch control to 

maintain a constant rotor speed. During the last few years, 

the variable speed wind turbines with Doubly-fed induction 

generator (DFIG) dominant the wind energy conversion 

system (WECS). The reasons being clean power delivery to 

the grid, higher capacity to extract power with control 

flexibility. Doubly fed induction generators (DFIG) are 

popular with such technology. The main advantages offered 

by DFIG are they cover wide speed range, provide 

decoupling control of active and reactive power and reduced 

rating of converters. 

II. BASIC STRUCTURE OF DFIG 

Fig. 1: Structure of DFIG wind power generating system 

―Fig. 1‖shows structure of DFIG. The stator of 

DFIG is directly connected to the grid and rotor through 

power electronic converter by which rotor voltage amplitude 

and frequency can be regulated [4]. This paper focuses on 

developing a control strategy to extract optimum power 

from the wind using stator oriented field control decoupling 

principle and regulation of generator rotor speed. Its 

effectiveness is verified in Matlab/Simulink study. The 

doubly fed induction machine became more and more 

common in wind power generation. Today more than 70% 

of the build wind turbines are equipped with this type of 

induction machine. Usually the voltage source converter is 

connected with the machine side to the wound rotor via 

collector rings. The grid side converter and the stator of the 

induction machine are directly connected to the grid. A few 

years ago a transformer has to be placed between converter 

and the grid to adapt the voltages. Today it is not necessary 

anymore, because it is possible to dimension the rotor 

windings and the power electronics that the rotor voltage 

even in the area of low (1-4 Hz) rotor frequencies 

(synchronous operating point) is high enough to feed into 

the grid only by using an inductance. This system has the 

following assets and drawbacks: (i) the costs of the 

converter are reduced compared to the full inline converter, 

because it is rated for only 30% of the total power of the 

generator. (ii)The emc-filters are cheaper because of the 

lower power, too. (iii)The wound rotor induction machine is 

not as rugged as the squirrel case machine. Collector rings 

are necessary and have to be maintained regularly. (iv)A 

complex control is necessary. 
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III. WIND TURBINE OPTIMUM POWER CURVE 

Wind turbine characteristics have to be analysed for getting 

optimum power curve Popt. The output power of wind 

turbine is 

      Po = Cp * Pv =  SwV
3
 CP                                            (1) 

Where ρ is air density; Sw is wind turbine blades 

swept area in the wind; V is wind speed. Cp represents the 

power conversion efficiency of wind turbine it is a function 

of the tip-speed ratio λ and the blade pitch angle β in a pitch 

controlled wind turbine 

                λ =      =                                           (2)  

Where λ is the ratio of tip speed of the turbine 

blades to wind speed; R is blade radius; ω is angular 

velocity of the rotating blades; n is blade speed.  CP can be 

calculated using the formula 

CP=0.5176*(116*( )-0.4β-5)* +0.068*λ  

                                               (3) 

Maximum power from the wind turbine is 

                            P = Kω
3
        

―Fig. 2‖ shows wind turbine power characteristics 

Vs turbine speed for different wind velocities keeping tip 

speed ratio constant and pitch angle zero. At one specific 

angular frequency, the wind turbine gets maximum power. 

Intersection of all the maximum power points for different 

angular frequencies gives optimum power curve Popt. Popt 

curve is the maximum power that can be extracted from the 

wind. It is in fact the speed control of wind turbine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Optimum power curve of wind turbine 

Where k =  Sw( )
3 
* CP                         (4) 

The DFIG is operated with a rotor-speed range set 

to 12–25 rpm. The DFIG system and the PMSG system have 

almost the same efficiency. It was found that the DFIG 

system produced 60% more energy compared to a fixed-

speed system. 

IV. DFIG MATHEMATICAL MODEL 

Mathematical model of DFIG in synchronously rotating dq 

frame after transformation is given by [1]. 

Voltage equations 

      Eds = -R1ids –  + ω1Ψqs 

     Eqs = -R1iqs –  + ω1Ψds  

     Edr = -R2idr –  + ω1Ψqr                                                        (5) 

     Eqr = -R2iqr –  + ω1Ψdr  

Flux linkage equations 

     Ψds = L1 ids - Lm idr 

     Ψqs = L1 iqs - Lm iqr 

        Ψdr = L2 idr - Lm ids                                                                            (6) 

     Ψqr = L2 iqr - Lm iqs 

The output power of the stator is given by 

     P1 = Eds ids + Eqs iqs 

     Q1 = Eqs ids - Eds iqs                                                                       (7) 

Generator electromagnetic torque: 

      Te = Pn Lm(idr iqs – iqr ids)                                             (8) 

System motion equation: 

   T1 – Te =     +    ωr                                               (9) 

Where Eds, Eqs, Edr, Eqr are the stator and rotor 

voltage in d,q axes ; ids, iqs, idr, iqr are the stator and rotor 

currents in d,q axes respectively; R1,R2 are stator and Rotor 

winding equivalent resistance; ψds, ψqs, ψdr, ψqr are stator and 

rotor flux in d,q axes; L1, L2 are stator and rotor winding 

inductance in the dq coordinates respectively; Lm is 

equivalent mutual inductance of co-axial stator or rotor 

winding in d-q coordinates. ω1 is synchronous speed; ωr is 

angular electrical frequency, ωm is mechanical angular 

frequency, Pn is the number of pole pairs ωs equal to ω1-ωr is 

the slip angular velocity of d-q coordinates relative to the 

rotor. Tl is drag torque which is supplied by wind turbine; M 

is the generator moment of inertia; Dg is damping torque 

resistance which is proportional to the speed. 

For AC excited doubly-fed generator system, stator 

and rotor are the alternating variables of power frequency 

and slip frequency .So the system is a strong coupling multi-

variable system .If we control the AC current by closed loop 

control method without decoupling .the effect will not be 

ideal. In order to achieve the decoupling control of DFIG, 

referring to vector control method, the actual AC variable 

can be broken into the active power component and reactive 

power component, and these two components are controlled 

by closed loop respectively. The stator flux vector and the d- 

axis of the of the rectangular coordinate system overlap each 
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there ,so do the stator voltage vector and the negative q 

axis[1] .R1 is neglected at industrial frequency  Considering 

the above mentioned conditions ψds = ψ1, ψ1 = u1/ω1, ψqs = 0, 

R1= 0, Eds = 0, Eqs=-u1. After simplifying the equations, the 

instantaneous active and reactive power in two phase 

coordinate system is given as 

                       P1 = - u1 iqs  

                     Q1 = - u1 ids                                                                    (10) 

Now active and reactive power is decoupled and 

can be conveniently controlled by stator currents ids and iqs 

.Rotor currents in terms of stator currents are obtained as 

follows. 

                     idr  =                                               

                     iqr =                                                  (11) 

V. CONTROL STRATEGY 

The control strategy aims at tracking optimum power curve 

Popt by controlling the active power P1 of the induction 

generator. From the concept of maximum power extraction 

discussed in the section, the turbine gets the maximum 

power at particular angular frequency for certain wind 

velocity. Hence by regulating the generator rotor speed ωr 

with turbine angular frequency we can achieve the pursuit of 

tacking maximum power points power points. This is the 

key to the control design. Reference power to the generator  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Speed regulation Simulink model 

Pref is calculated from maximum power Pmax and generator 

rotor speed ωr. 

               Pref =  + Δ p                                            (12) 

Where s is slip is given by 

              s =  =  

And ΔP are the losses, can be neglected. If Pref is controlled 

to get same active power P1, MPPT is achieved. The control 

law is designed as 

                                Pref –P1=0 

Pref is calculated by (12) and reactive power Qref is any 

reference value. P1 is calculated real time using block 

diagram of the system is shown in ―Fig. 5‖. From the 

principle of stator flux orientation, generator active and 

reactive power is decoupled and controlled by stator 

currents iqs and ids. These currents are considered as 

reference currents iqsref, idsref. The PID controller 

compares generated feedback currents iqsnew and idsnew 

with reference currents in closed loop. P1 is calculated and 

fed to speed regulation block along with Pref. The generator 

angular frequency ωr (initial reference value) is updated to 

new ωrnew with a relative change dωr/dt for every wind 

speed. The relative change in rotor speed is calculated as 

                     =  

                     ωnew = ωr +  *Δt                                  (13) 

                     t = t + Δt 

Speed regulation block is shown in ―Fig. 4―. When 

active power P1equals the reference power Pref i.e., Pref-

P1=0, the relative change in the rotor speed dωr/dt becomes 

zero. ωr settles to a steady state value ωrnew=ωr  indicating  

maximum power point at particular rotor speed is achieved. 

Since our aim is to control only the active power, 

the reactive power does not affect the system in any way. 

 
Fig. 5: Block diagram of wind turbine doubly fed induction 

generator 

VI. SIMULATION RESULTS 

A detailed simulation of proposed control strategy was 

carried out in Matlab/Simulink. The response turbine and 

generator are chosen as follows. 

ρ=1.25kg/m3; R=4.3m; Cpmax=0.4; λopt=8.1;  

15KW, 380V, 50Hz generator; L1=L2=10.1(PU); 

Lm=10(PU); R1=,R2=0.01(PU); M=6(PU). 

 Results with PID controller A.

 
Fig. 5:Wind speeds 
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Fig. 6: Turbine speed 

 
Fig. 7: Reference power Pref to the generator 

 
Fig. 8: Reactive power reference Qref 

 
Fig. 9: Stator current iqs reference 

 
Fig. 10: Stator current ids reference 

 
Fig. 11: Stator feedback current iqsnew 

 
Fig. 12: Stator feedback current idsnew 

 
Fig. 13: Generator rotor speed ωr 

 
Fig. 14: Generator active power P1 

 
Fig. 15: Pref-P1 

 

Fig. 16: Relative change in rotor speed  

 ANALYSIS B.

In order to evaluate the MPPT control strategy proposed, 

Simulink is used to carry out the simulation. The control law 

is designed as follows: till 3 seconds wind speed is stable at 

3 m per second. When arrived at 5 seconds, the wind speed 

suddenly become 5 m per second and at 5 second, the wind 

speed is 8 m per second shown in ―Fig. 5.1‖ and 

corresponding turbine speed is also shown in ―Fig. 5.2‖. 

Calculated Pref and assumed Qref are shown ―Fig. 5.3- 5.4‖. 

Decoupling currents idsref and iqsref obtained from 

reference power and reactive power are computed to obtain 
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rotor voltages Edr, Eqr and currents iqr ,idr which further 

gives feedback currents idsnew and iqsnew shown in ―Fig. 

5.6 -5.7‖. Further, the real time active power P1( Eqs iqs 

feedback) shown in ―Fig. 5.10‖is thoroughly compared with 

the reference power Pref. Rotor speed ωr variation is shown 

in ―Fig. 5.9‖.The ωr adjusts accordingly every time till 

reference power becomes equal to real time calculated 

active power shown in ―Fig. 5.11‖.When this happens, it can 

observed the relative change in rotor speed becomes zero 

reaching steady state reference value as shown in ―Fig. 

5.12‖ indicating that maximum power point is reached i.e., 

Pref-P1=0 . In a similar way all the power points are tracked 

and optimum power curve is finally traced. It can be 

observed that control law is working effectively and the 

system is stable even with the sudden step changes in the 

parameters. By using fuzzy controller, the time to reach 

steady state is reduced when compared with PI controller 

which is shown in figure 6.7 & fig 6.8.  Hence the system 

performance can be improved with fuzzy logic controller. 

VII. CONCLUSION 

Using stator flux oriented field control method, active and 

reactive power is decoupled and controlled using current 

control loops with one fuzzy controller in each loop. The 

maximum power tracking performance of the system is 

tested for various step changes in wind velocities by 

regulating the speed of induction generator. The generator 

power is found to trace the optimum power curve 

successfully keeping the system stable & the system is 

simple and robust. The response is satisfactory for specified 

operating conditions. Finally the strategy proposed in the 

paper is suitable for real time environment. Hence by using 

the fuzzy controller, the system performance can be 

improved. 
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