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Wind Turbine Overview

Wind Turbine
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Wind Turbine Overview

Wind Turbine - Static properties

 

R = 63m 

Mt = 423 000 kg 

H = 90m 
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Wind Turbine Overview

Wind Turbine - Dynamic properties
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Wind Turbine Overview

Wind Turbine - Control actions
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𝑇𝑔 
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Wind Turbine Overview

Wind Turbine model

J ω̇r = Pr
ωr
−NTg

Ft = Mt ẍt + Dt ẋt + Ktxt

Pr = f (ωr , β, v)
Ft = f (ωr , β, v)

v = k(vm)
(p1(vm)s + 1)(p2(vm)s + 1)et + vm et ∈ Niid(0, 1)
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Wind Turbine Overview

Wind Turbine model

States:

ωr angular velocity of rotor
xt tower fore-aft displacement
ẋt tower fore-aft speed of displacement

Control actions:

β pitch angle
Tg generator torque

Measurements:

ωr angular velocity of rotor
Pe generated electrical power
ẋt tower fore-aft speed of displacement
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Wind Turbine Overview

Control objectives

Generate electrical power Prolong turbine operation life

Model predictive control with frequency weighting
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Wind Turbine Overview

Control objectives

Generate electrical power
⇓

Keep peak performance

Prolong turbine operation life
⇓

Decrease oscillations

Model predictive control with frequency weighting
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Wind Turbine Overview

Control objectives

Generate electrical power
⇓

Keep peak performance
↘

Prolong turbine operation life
⇓

Decrease oscillations
↙

Model predictive control with frequency weighting
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Wind Turbine Overview

Current control approach

Wind Turbine

Table look-up

PI
β

T g

ωr
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Estimation and Control

MPC

Wind Turbine

Stationary Predictive 
Kalman Filter

Wind Speed

Online
MPC

x̂ d̂ v̂

y

v

u
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Estimation and Control

Frequency weighted MPC

Wind Turbine

Stationary Predictive 
Kalman Filter

Wind Speed

Online
MPC

G x (z )

Gu (z )

G y (z )
y f

u f

x̂ f

x̂ d̂ v̂

y

v

u

A f , B f ,C f , D f
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Estimation and Control

Online MPC

Φ = min
uk

( N∑
k=1
||rk − yk ||2Q +

N∑
k=1
||4uk ||2R

)
s.t. xk+1 = Axk + Buk + Edk

yk = Cxk + Duk + Fdk

u ∈ U
x ∈ X
y ∈ Y
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Results

Controlled Process
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Results

Controlled Process

 

𝑣 ∈ < 12; 25 > 𝑚/𝑠 

𝜔𝑟 = 12.1 𝑟𝑝𝑚 

𝑤𝑇𝐼𝑃 = 287 𝑘𝑚/ℎ 

𝑃𝑒 = 5.0 𝑀𝑊 
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Results

Wind speed profile
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Results

Measurements
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Results

Measurements
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Results

Control Actions
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Results

Conclusions

Decreased variance of all signals
Penalized certain frequency content
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