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Abstract:- Wind energy plays vital role in present day 

power generation as wind turbine system actively 

participate in frequency and voltage stability .Maximum 

power is extracted from wind turbines if some of the 

considerations are taken in to account such as wind speed 

and pitch angle. Howeverwind speed is unpredictable and 

depends on the geographical conditions of the different 

areas, pitch angle plays a vital role in extracting 

maximum power from the wind energy .As energy 

extracted is limited according to Betz Law it is evident 

that with the help of pitch angle controllers it is possible 

to get desired output for certain conditions with in such 

limit. Hence it is necessary to design good pitch angle 

controller in order to obtain maximum performance. A 

system with wind turbine generator is modelled and 

different parameters of such system is observed for 

different conditions and an isolatedplant system is taken 

for study andconventional PID controller, Fuzzy logic 

controller, Adaptive Fuzzy logic controller are designed 

and compared plant without controller. Adaptive Fuzzy 

controller gives the desired output with good time 

response characteristics with step input. 

 

I. INTRODUCTION 

 
Wind energy contribution increases day by day in the 

power sector. As wind energy is emerging as crucial source 

for power generation,it is necessary to get the maximum 

efficiency to meet our requirements.In order to do so it is 

desired to control some parameters regarding wind power 

generation scheme. Pitch angle control plays a vital role in 

performance analysis of wind turbine generator scheme. This 

paper deals with pitch control of wind turbine using different 

techniques such as PID,Fuzzy,Adaptive Fuzzy control. Study 

of pitch system helps in understanding the mechanisms 

associated with the wind turbine and helps in determining the 
best performance accordingly. However some limitations 

may associated with pitch system and all such limitations are 

taken in to consideration for pitch system of wind turbine and 

controllers are designed according to the desired output 

range. 

 

 

 

 

 

II. MATHEMATICAL MODEL OF WIND TURBINE 

  
kinetic energy associated with air is given as 

𝐸 = 0.5𝑚𝑣2                        (1) 

Where m=mass of air,v=velocity of air. 

 

Kinetic energy associated with wind turbine is 

𝐸 = 0.5𝜌𝑉𝑣2         (2) 

Where 𝜌=air density ,𝜗= volume of the air  present at rotor. 

 

Power associated is  expressed as given 

𝑃 = 0.5𝜌𝐴𝑣3(3) 

Where A=crosectional area 

 

Maximum power extraction associated with wind turbine is 

as follows 

𝑃𝑅 = 0.5𝜌𝐴𝐶𝑝𝑣3(4) 
 

Where Cp= power coefficient 

 

Power coefficient and tip speed ratio are interlinked and tip 

speed ratio is given as follows 

            Tip speed ratio 𝜆 =
𝑤𝑡∗𝑅

𝑣
 

 

Wherev= wind velocity,𝑤𝑡 ∗ 𝑅=linear velocity.Power 

Coefficient relation is 𝐶𝑝 =    
𝑃𝑅

𝜌
 

 

(mechanical power of rotor blades/power of the wind) 

 

Relation between power coefficient, tip speed ratio and  pitch 

angle φ  is described as  [20] 

 

𝐶𝑝(𝜆, 𝛷) =  𝐶1[
𝐶2

𝛽
− 𝐶3𝛷 − 𝐶4𝛷2 − 𝐶5] 𝑒

−𝐶6
𝛽        (5) 

 

c1-c6and x varies according to the manufacturer and is 
distinct for several wind turbines  and β is defined by 

 

                         β =
1

[(
1

λ+0.08Φ
)−(

0.035

1+Φ3)]
       (6)               
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where , 𝜆 =
𝑅𝜔𝑡

𝑣
 

R =length of blade, 

ω =blade angular velocity.  

 

Mathematical model of wind turbine helps in 

understanding the dynamic behaviour and helps to design the 

pitch angle controllers accordingly .Performance analysis is 

done with the help of mathematical model in order to obtain 

the desired output for different conditions  

 

Wind Turbine System  
Wind turbine system lock diagram is as follows in 

which drive train model and pitch actuator model are studied. 

 

 
Figure1: Feedback Control of wind turbine 

 

III. PITCH ACTUATOR MODEL 
 

Blades are turned along longitudinal axis by pitch 

actuator according to the requirement. Pitch control dynamics 

are studied through this model 

 
𝑑𝛽

𝑑𝑡
=

(𝛽𝑑−𝛽)

𝑇𝛽
                     (7) 

 

𝑇𝛽
𝑑𝛽

𝑑𝑡
= (𝛽𝑑 − 𝛽)       (8)        

      

           𝑇𝛽
𝑑𝛽

𝑑𝑡
+ 𝛽 = 𝛽𝑑        (9) 

 

Applying Laplace transform, 

 

𝑇𝛽𝑆𝛽 + 𝛽 = 𝛽𝑑   (10) 

 

𝛽(𝑇𝛽𝑆 + 1) = 𝛽𝑑    (11) 

 
𝛽

𝛽𝑑
=

1

(𝑇𝛽𝑆+1)
                             (12)  

 
Transfer Function is obtained and time constant is 

derived from the wind turbine parameters 

 

         Tβ =
(βd − β)

dβ

dt

=
0.3

0. .6
= 0.5 

 
β

βd
=

1

(0.5S+1)
                   (13) 

 

 
 

 
Table1:Wind turbine parameters 

 

IV. DRIVE TRAIN MODEL 

 

Drive train model is as follows 

 

 
Figure 2:Drive train mechanical model 

 

Dynamics of drive-train are described as : 

 

  𝐽 𝑇
𝑑(𝜔𝑇)

𝑑𝑡
= 𝑇𝑇 − (𝐾𝑆𝛿𝜃𝑇 + 𝐵𝛿𝜔)                       (14) 

 
𝑑(𝛿𝜃)

𝑑𝑡
= 𝛿𝜔                              (15)            

 

From Newton's second law, 

 

     𝐽
𝑑(𝜔)

𝑑𝑡
= 𝑇 − (𝐵𝜔)      (16)                   

                                                 

Applying Laplace transform , 

 

𝐽𝑆𝜔 = 𝑇 − (𝐵𝜔)(17)               

 

                                         𝐽𝑆𝜔 + (𝐵𝜔) = 𝑇 
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       (𝐽𝑆 + 𝐵)𝜔 = 𝑇 

 
𝜔

𝑇
=

1

(𝐽𝑆+𝐵)
         (18)                                      

   

  

Drive train transfer function is obtained as 

 

𝜔

𝑇
=

1

𝐵

(
𝐽

𝐵
𝑆 + 1)

 

 

ω

T
=

1

2

(
0.75

2
S+1)

                                                                  (19) 

 
ω

T
=

0.5

(0.375S+1)
(20)            

           

V. IMPLEMENTATION OF PID CONTROL 

 

PID tuning is done for the plant and control parameters 

are obtained by varying values in which near to the optimal 

desired output is obtained. Simulation model for PID 
controller is as follows. 

 

 
Figure 3:  PID controller simulation diagram 

 

VI. IMPLEMENTATION OF FUZZY LOGIC 

CONTROL 

 

Kp, Ki, Kd parameters corresponding surface rules are 

shown in the figures 4, 5 and 6.Rules associated with them 

are shown in the figure7.Here rules are selected according to 

the output performance of the controller to get the better 

results. 

 

 
Figure 4: Kp surface rule 

 

 
Figure 5.Ki surface rule 

 

 
Figure 6:Kd surface rule 

 

 
Figure 7:Fuzzy Controller rule view 

 

VII. IMPLEMENTATION OF FUZZY ADAPTIVE 

PID CONTROL 
 

Optimum control gives the best performance analysis 

among the different control techniques as per the 

requirement. Fuzzy Adaptive control is one of such technique 

helps in doing so for a wide range of operating conditions. 

Relations associated with Adaptive fuzzy control technique is 

as follows; 
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Kp =(Kp (pid)) +(Kpf (fuzzy)* Kp(pid)) 

 

 Ki = (Ki (pid)) + (Kif (fuzzy)*Ki(pid)) 

 

Kd =(Kd (pid)) + {Kdf (fuzzy)*Kd(pid)} 

 

 
Figure 8:Control block of Adaptive Fuzzy 

 

VIII. SIMULATION OF THE PLANT WITHOUT 

CONTROLLERS 
 

Simulation of the plant without controllers is as shown 

and results are compared with plant using different types of 

controllers. 

 

 
Figure9:Simulink Wind Turbine Model without Controllers 

 

IX. SIMULATION RESULTS 

 

Simulation results for constant speed and pitch angle ‘0’ 

degrees 

 

 
Fig 10:variations of Torque ,speed and stator currents 

 

 
Fig 11: variation of phase Voltage and current of of generator 

Simulation with constant speed and  pitch angle ‘10’ 

degrees 

 

 
Fig12:variations of Torque ,speed and stator currents 

 

 
Fig13:variation of phase Voltage and current of of generator 

 

Simulation with variable speeds and with pitch angle ‘ 0’ 

degrees 

 

 
Fig14:  variations of Torque ,speed and stator currents 

 

 
Fig15:variation of phase Voltage and current of of generator 
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Simulation with variable speeds and with pitch angle ‘10’ 

degrees 

 

 
Fig16:variations of Torque ,speed and stator currents 

 

 
Fig17: variation of phase Voltage and current of of generator 

 
Simulation of plant without Controller 

 

 
Figure18: step response of plant without control 

 

 Simulation of  Plant with PID control 

 

 
Figure 19:step response with PID 

 

 Simulation of the Plant with Fuzzy control 

 

 
Figure 20: step response  with Fuzzy control 

 

Simulation  with Adaptive Fuzzy control 

 

 
Figure 21:step response of with Adaptive Fuzzy  control 

 

X. CONCLUSION AND FUTURE WORKS 

 

Performance of wind generator is analyzed with the 

help of wind turbine generator model by comparing different 

parameters of wind generator such as Torque ,voltage, current 

with different pitches and different wind speeds and observed 

that pitch and wind speed plays crucial role in extracting 

maximum power. Mathematical model of wind  pitch 

actuator, drive train are developed and response of the system 
is studied with out any controllers. 

 

PID ,Fuzzy, Adaptive Fuzzy logic controllers are 

designed and response is observed with the plant with out 

controllers. It is observed that Adaptive fuzzy logic controller 

gives good time response characteristics compared with PID 

and Fuzzy  controller.In future Artificial Intelligence 

techniques may play major role in obtaining good pitch 

controller to get desired performance. 
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