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Coupled Frequency Domain Models for FOWT

Equations of motion
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Fore-Aft tower 
deflection

Response under turbulent wind and irregular wave

• Steady state condition 𝒒 𝑡 = ෝ𝒒 𝜔 𝑒𝑗𝜔𝑡

• Quasi-static mooring lines model            𝑭𝑳𝒊𝒏𝒆𝒔 𝑡 = 𝑭𝑳𝒊𝒏𝒆𝒔,0 − 𝑪𝑀𝑜𝑜𝑟𝒒 𝑡

• Linearization of the Drag Forces 𝑭𝑴𝒐𝒓 𝑡 ≅ −𝑩𝑴𝒐𝒓 ω, β, 𝜎 ሶ𝒒 𝑡
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6 rigid platform DoFs
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− ω2 𝐀 ω +𝑴𝑭𝒍𝒐𝒂𝒕 +𝑴𝑻𝒖𝒓𝒃 + iω 𝐁 ω + 𝑩𝑻𝒖𝒓𝒃 +𝑩𝑴𝒐𝒓 ω,β, 𝜎 + 𝑪𝑯𝒚𝒅𝒓𝒐 + 𝑪𝑴𝒐𝒐𝒓 + 𝑪𝑻𝒖𝒓𝒃 𝒒 ω

= 𝐗 𝜔, 𝛽 2𝑆𝜂 𝜔 ∆𝜔 + 𝑭𝒅 2𝑆𝑤𝑖𝑛𝑑 𝜔 ∆𝜔
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5MW

Optimized 10MW

Upscaling 𝑆𝑓 =
10MW

5MW

min
𝒙

𝑓𝑜𝑏𝑗 𝒙 𝑓𝑜𝑏𝑗 𝒙 = ቐ
𝑐𝑜𝑠𝑡 €
𝑅𝐴𝑂
…

𝑐𝑜𝑛𝑠𝑡 𝒙 = 0 𝑐𝑜𝑛𝑠𝑡 𝒙 =

𝑑𝑖𝑠𝑝𝑙.
𝑠𝑡𝑟𝑒𝑠𝑠
𝑐𝑜𝑠𝑡 €
…

𝒙 𝑑𝑒𝑠𝑖𝑔𝑛
𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠

𝒙 = ቐ
𝑔𝑒𝑜𝑚𝑒𝑡𝑟𝑦
𝑐𝑜𝑛𝑐𝑒𝑝𝑡

…

Optimization of a 10 MW semisubmersible FOWT

10MW

drf

r

d

Genetic Algorithm single-objective optimization

3-variable 
Optimization

5-variable 
Optimization

Column diameter, d Column diameter, d

Platform radius , r Platform radius, r

Draft, drf Draft, drf

- Anchor radius, xanch

- Cable lenght, L

Design variables

Constraints

• Steady pitch at rated wind speed: η5 ≤ 5° with Vhub =11.4 m/s

• Platform admissible offset:
∆𝑥𝑜𝑓𝑓𝑠𝑒𝑡

𝑧𝑑𝑒𝑝𝑡ℎ
≤ 0.15

• Triangle side length: L> (𝑥𝑎𝑛𝑐ℎ − 𝑥𝐹𝑎𝑖𝑟)2+(𝑧𝑎𝑛𝑐ℎ − 𝑧𝐹𝑎𝑖𝑟)2

• Line resting on seabed: 𝐿𝐵=L−
𝑉𝐹𝑎𝑖𝑟

𝜔𝑚𝑜𝑜𝑟
≥

𝐿

10

Objective functions

• RAO peaks at platform eigenfrequencies
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Platform optimization results
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Surge and Pitch RAOs optimization Optimized substructures: Mean values

Surge 3v Pitch 3v Surge 5v Pitch 5v Upscaled

Platform 5MW 

Upscaled 10 MW

Surge 3v optimized 10 MW

Pitch 5v optimized 10 MW
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Conclusions

✓ Coupled FD models show a good accuracy, which makes them promising for optimization

procedures of FOWTs

✓ The optimization of a 10MW semisubmersible FOWT shows that upscaling procedures may lead to

overdesigned solutions

Reference
G.Ferri, E. Marino, N. Bruschi, C.Borri – Platform and moorings optimization of a 10 MW Floating Offshore Wind Turbine, Renewable Energies 
January 2022.

Future works

▪ Site-specific and cost optimization of a 10MW FOWT


