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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.




*Wind Turbine
Aerodynamics.

Wind _
Turbine °Power train Model.
Model eElectrical machine
and power
electronics stage
Model.

A




A

Wind
Turbine
Model

*Wind Turbine Aerodynamics

V. p. -R?
P:CP‘E IOaII’
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P = Captured power [W]
V = Wind Speed [m/s]

R = Radius [m]

P, = Air density [kg/m?3]
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) *Aerodynamical
Turbine torque:
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*Power train modeling:

r'J'"

Fast axis / Electrical Machine

Slow axis / Rotor

Ip :lnertia [kg*m?]
UVEE Torque [Nw*m)]

- Angular speed [rad/sg]
\Nhﬂ g P

J; :lnertia [kg*m?]
Tt :Torque [Nw*m]

W : Angular speed [rad/sg]
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*Power train dynamical model

wWind ‘]T.dWM =TT—i'|:JM-dWM
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*Simple model of the electrical
machine + Power stage:

dT .
d—,I[VI:TPE Ty —Ty)

T,,” : Torque Set Point (N.m)
T,, : Real Torque Set Point (N.m)

70z . Power Electronics time constant [seg™]
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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.




*At low rotor speed, pitch=0

Wind 3 2
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*At low rotor speed (pitch=0)
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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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Pl controller equations + power
train model equations:

dw CP °7Z"V3°10aire°Rz
JTotaI ) =
dt

A = f(w,v, )
2-W W

B =K, - (W*-w)+K, -I(W*—W)dt
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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:

P -P K, oR
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Pl controllers’ parameters
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Pl Controller (AntiReset
Windup)
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