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Wind Turbine Structure

1. Base

2. Electrical

network

connection

3. Tower

4. Stairs

5. Variable Yaw

system

6. Nacelle

7. Generator

8. Anemometer

9. Brake

10. GearBox

11. Blade

12. Variable pitch 

system

13. Hub
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Wind Turbine Model

•Wind Turbine Control Main 

objectives:

– Maximize the 

Annual Energy 

Production.

– Reduce the 

mechanical loads 

(fatigue).

– Avoid resonant 

frequencies.
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Model

•Wind Turbine 

Aerodynamics.

•Power train Model.

•Electrical machine 

and power 

electronics stage 

Model.
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•Wind Turbine Aerodynamics
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P = Captured power [W]

V = Wind Speed [m/s]

R = Radius [m]

ρair = Air density [kg/m3]
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•Cp: Power 

coefficient:

• TSR

v

R

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
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•Aerodynamical

torque:
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Model
•Power train modeling:
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•Power train dynamical model
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Model

•Simple model of the electrical 

machine + Power stage:

*
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Wind 

Turbine 

Control

•Objectives:

– Power, fatigue, 

mechanical 

resonance 

avoidance

•Control inputs:

– Wind Turbine 

Speed w

•Control outputs:

– Electrical machine 

torque

– Blade pitch angle

– Wind Turbine yaw 

angle.
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•At low rotor speed, pitch=0
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Control

•At low rotor speed (pitch=0)

•At high rotor speed the control 

changes the pitch value in order 

to keep the rotor speed at set 

point value.
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Wind 

Turbine 

Control

•PI controller equations + power 

train model equations:
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•Linearization around a working 

point:

.
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•Linearization around a working 

point:
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•Linearization around a working 

point:
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•Linearization around a working 

point:
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•PI controllers’ parameters

2

2

*

*
2

*

n Total

P

T

N T

I n Total

T

W J w
K

P

P P w
K W J

Pw







 
 





 
         





Wind 

Turbine 

Control
•PI Controller (AntiReset

Windup)



Questions •Thanks for paying attetion

•Relates journals

– Energies

– Wind Energy

– RIAI

– IEEE on

Renewable

Energies

– IEEE on Power 

Electronics

•Good SW: NREL, Fast, 

Matlab&Simulink
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