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 Floating Wind Turbine (FWTs) development is crucial to achieving 2050 goals
 Design of FWT is challenging and the LCoE still high compared to other electrical energy sources
 Current design approach is to size rotor and floating foundation separately (suboptimal)
 Need to develop an integrated design approach with the aim of minimizing LCoE

Land-based holistic design: Cp-Max [1], [2]                           FWT modeling [2], [3]

Floating substructure and hydrodynamic modeling

Floating substructure design constraints

Integrated design of FWTs in Cp-Max

Baseline: 10MW (bottom-fixed)                                                          Design Variables (DVs)
PoliMI Wind Turbine [1]

Blade Aerodynamic DVs

Blade Structural DVs

Tower structural DVs:

Floating Substructure DVs:

Aerodynamic Co-Optimization
Baseline                 Aero co-design

Structural Design Optimization

Final co-design Campbell diagram

Baseline            Aero co-design          Final design

Design Comparison

 A preliminary integrated design approach with the aim of minimizing LCoE has been developed
 Strong coupling between floating substructure and rotor aerodynamic design
 Increased blade tip deflection in floating conditions 
 Increased fatigue loads on tower bade 

 Extending the tool to other platform types (semi-sub, TLP, barge, etc.)
 Exploring the 2-bladed FWT and alternative rotor configurations (i.e. downwind)
 Exploring bigger size (10+MW)
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Introduction and Motivation

Methodology

Results

Conclusions and future works

Global limit states

• Mean platform pitch ≤ 𝜃𝜃𝑝𝑝𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴  during power production
• Max platform pitch ≤  𝜃𝜃𝑝𝑝𝑝𝑝𝑝𝑝𝑀𝑀𝐴𝐴𝑀𝑀

• Mean platform heave ≤ 𝑧𝑧𝑝𝑝𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝐴𝐴
• Max platform heave ≤ 𝑧𝑧𝑝𝑝𝑝𝑝𝑝𝑝𝑀𝑀𝐴𝐴𝑀𝑀

• Platform offset on horizontal plane ≤ 𝛿𝛿𝑝𝑝𝑝𝑝𝑝𝑝𝑀𝑀𝐴𝐴𝑀𝑀

• Max anchor uplifting angle < 𝜃𝜃𝑎𝑎𝑎𝑎𝑎𝑎𝑀𝑀𝐴𝐴𝑀𝑀

• Lowest platform TN > 25s
• 0.7 < ωPitch / ωHeave < 0.9 (Mathieu stability)
• Max characteristic mooring tension < min mooring line breaking load
• Constraints according to DNV standards for shell and column buckling
• Max nacelle acceleration < 0.3 g  

Dynamics

Ultimate loads
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𝒑𝒑𝒂𝒂 = [𝒑𝒑𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄,𝒑𝒑𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕]

𝒑𝒑𝒃𝒃 = [𝒕𝒕𝒕𝒕𝒄𝒄𝒔𝒔𝒔𝒔𝒔𝒔, 𝒕𝒕𝒕𝒕𝒑𝒑𝒂𝒂𝒄𝒄𝒕𝒕, 𝒕𝒕𝒕𝒕𝒔𝒔𝒃𝒃𝒕𝒕, 𝒕𝒕𝒄𝒄𝒔𝒔𝒕𝒕𝒓𝒓𝒓𝒓]

𝒑𝒑𝒕𝒕 = [𝑫𝑫𝒕𝒕𝒄𝒄𝒕𝒕𝒔𝒔𝒄𝒄, 𝒕𝒕𝒕𝒕𝒄𝒄𝒕𝒕𝒔𝒔𝒄𝒄]

𝒑𝒑𝒕𝒕𝒔𝒔𝒃𝒃 = [𝑯𝑯𝒕𝒕𝒑𝒑𝒂𝒂𝒄𝒄,𝑹𝑹𝒕𝒕𝒑𝒑𝒂𝒂𝒄𝒄,𝒄𝒄𝒎𝒎𝒄𝒄𝒄𝒄𝒄𝒄𝒕𝒕𝒓𝒓𝒎𝒎,𝑹𝑹𝒎𝒎𝒄𝒄𝒄𝒄𝒄𝒄𝒕𝒕𝒓𝒓𝒎𝒎, 𝒕𝒕𝒎𝒎𝒄𝒄𝒄𝒄𝒄𝒄𝒕𝒕𝒓𝒓𝒎𝒎, 𝒛𝒛𝒓𝒓𝒂𝒂𝒕𝒕𝒄𝒄𝒔𝒔𝒔𝒔𝒂𝒂𝒄𝒄]\
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