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What’s our playground?



A bankable wind turbine constantly ensuring generation of electricity at any time, at the lowest cost…

The GE-Haliade* 150-6 MW
A unique wind turbine to serve our customers’ needs

Pure Torque®
ensures reliability and 

efficiency of the generator

Redundant sub-

systems
ensures energy production

Direct Drive, permanent magnets 

generator
No gearbox, no risk of failure, no oil

High aerodynamic efficiency
Convert wind into energy

Individual electrical Pitch 
Minimize loads, increase components 

lifetime at reduced cost

Tuned Mass Damper
Reduces foundation cost and allows 

Monopiles where jackets could be 

required
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Where will we install our WTG?
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Wind Farm Soil-Structure Interaction VariabilityWTG, excitations and harmonics frequencies



US Offshore Wind Resources
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Fixed-Bottom & Floating 
Substructures Trends
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Source: BVG, DNV-GL, NREL
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Monopile Challenges

Source: NREL

• Vary diameter to meet frequency requirements

• Diameter at mudline governed by FLS

• Increase penetration to bear ULS loads 

• Increase wall thicknesses to ensure adequate fatigue lives

• 5 to 25m water depth:

1. Design is dominated by wind loads,

2. Dynamic effects of wave loads have some importance,

3. Eigen frequency still is the most relevant parameter for 
load level.

• 25 to 35m water depth:

1. Design driven by wave loads,

2. Dynamic effect of wave loads is of primary importance,

3. Sensitivity to soil-stiffness and damping has increased.
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TLP Challenges

Source: NREL

• Vary diameter to meet frequency requirements

• Diameter of tower is governed by FLS fore-aft and side-to-side

• High surge accelerations are of relevance for non-structural 
components

• 50 to 75m water depth:

1. Design driven by extreme wind & wave loads,

2. System frequencies on top of wave spectrum,

3. Slack line event is a design driver for tower and 
substructure system.

• 75m to 350m on water depth:

1. Design is dominated by wind loads,

2. Dynamic effects of wave loads have some importance,

3. Mooring systems are sensible to current induced vortex.



Can we mitigate these 

challenges?
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Passive Dampers Pros & Cons

Mass (20Ton)

Passive 

Magnetic 

Eddy Current 

Damper

Elastomeric 

End-Stop

Regulation 

Spring

Passive TMD

Universal 

Joint

1. Add more damping (+30%)

2. Reduce TMD excursions (0.7m)

3. Lower resonant amplitude at wider 

frequency band (+/-10%)

4. Lower the mass (approx. 10%)

What  can we improve?

Sweet 

Spot!!!

Source: ESM 

GmbH
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Magnetorheological (MR)Damper

What’s a semi-active system?
Eddy Current Damper or

Centering device

Source: ESM 

GmbH

Source: ESM 

GmbH

Source: Audi TT 

Forum
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SA-TMD Solution Integration



How’s the Monopile system 

response?
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Extreme DLC Load Reduction

TMD effectiveness increases for SA-TMD case vs Passive-TMD under extreme events

• Tower Base Loads are reduced by 33% with a Passive-TMD & 44% with a SA-TMD.

• SA-TMD reduces the excursions of the TMD even in the non-linear regime.
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Fatigue DLC Load Reduction

TMD reduces both Passive-TMD and SA-TMD FLS loads in StS

FA

StS

Tower Base m=3 DEL’s 
Passive-TMD reduces 
Mx 69% & SA-TMD 
reduces 66% from 
Baseline

MP Damage 

Evolution

StS dominated



How’s the TLP system 

response?
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Extreme DLC Load Reduction

TMD effectiveness for both Passive-TMD and SA-TMD is perceived more pronounced 

using Orcaflex non-linear code rather than FAST linear code
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Fatigue DLC Load Reduction

TMD reduces both Passive-TMD and SA-TMD FLS loads in FA

Tower Base m=3 DEL’s for Passive-TMD 
reduces My 10% & SA-TMD reduces 11% 
from Baseline

TLP Damage 

Evolution

FA dominated

FA

StS



Summary & Next Steps



Summary & Next Steps

�Offshore wind farms present several challenges in 
system response.

�Structural damping control devices mitigate unwanted 
loads that drive the system and LCOE.

�Semi-active dampers are a promising technology that are 
able to suppress a broad band of frequencies.

OTC-26922-MS . A.R. Tsouroukdissian



Acknowledgements / Thank You / Questions

This material is based upon work supported by the Department of Energy

under Award Number # DEEE0005494. Thanks to the co-authors for their

excellent work, Dhiraj Arora as GE DOE Principal Investigator, Ty Murray

as GE DOE Project Manager, Albert Fisas as GE Project Sponsor, and

Jonathan Mechineau as GE TMD Product Project Manager and his team.

Special thanks to Karl Hanus from ESM GmbH for the TMD detailed

design, Rick Damiani and Bonnie Jonkman from NREL for their fruitful

feedback on FAST model.

Slide 21



Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States 

Government. Neither the United States Government nor any agency thereof, nor any of their 

employees, makes any warranty, express or implied, or assumes any legal liability or 

responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 

product, or process disclosed, or represents that its use would not infringe privately owned 

rights. Reference herein to any specific commercial product, process, or service by trade 

name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its 

endorsement, recommendation, or favoring by the United States Government or any agency 

thereof. The views and opinions of authors expressed herein do not necessarily state or 

reflect those of the United States Government or any agency thereof.
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