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Criteria for effective damping

o Damper stroke

— Activation of damper
— Damper force

Eqy = Ggfy

de iUd
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Criteria for effective damping p
d
e Damper stroke T iud

— Activation of damper
— Damper force

Eqy = Ggfy

e Attainable damping
— Given by the change in frequency

w — Wo
Cmax ™~ —

wo Woo +w0
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Brace concepts

Curvature-brace
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Numerical models

e Linear beam model

— Wind turbine at standstill

— Linear Winkler type spring model

— Lumped inertia

— Stiffness matrix derived from complementary energy

134444
(I333E

Damping of Wind
Turbine Tower
Vibrations

Mark L. Brodersen

Motivation

Offsh d turbi
Implementation of
dampers

C or effectiv

Jampin;
T moi
E

Numerical models
Beam model and HAWC2
model

Results

Damg

Attainable damping
Damper force

Outlook



Damping of Wind
Turbine Tower
Vibrations

Numerical models

Mark L. Brodersen

° Motivation

Implementation of
dampers

e Linear beam model

Wind turbine at standstill

— Linear Winkler type spring model

— Lumped inertia

— Stiffness matrix derived from complementary energy

Numerical models

o
e
e
e
.
N

Beam model and HAWC2
model

Results

o HAWC2

— Blade element momentum theory

— Multi-body formulation

— Control via Dynamic Link Library (dll) interface
— External system

Outlook




Damping of Wind
Turbine Tower
Vibrations

Numerical models

Mark L. Brodersen

P Motivation

Implementation of
dampers

e Linear beam model

Wind turbine at standstill

— Linear Winkler type spring model

— Lumped inertia

— Stiffness matrix derived from complementary energy

Numerical models

o
e
e
e
.
N

Beam model and HAWC2
model

Results

o HAWC2

— Blade element momentum theory

— Multi-body formulation

— Control via Dynamic Link Library (dll) interface
— External system

Outlook

e Offshore Code Comparison Collaboration
— NREL reference turbine + monopile in 20 m water
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Summary

e Maximize attainable damping and damper stroke

Installation at the bottom of the tower

Stroke amplifying toggle brace

Attainable damping: 1.3 % critical

Optimum tuning independent of the orientation of the rotor
The same tuning can be used for both critical modes
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e Experimental validation



