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Overview

• Introduction to X-Rotor Wind Turbine

• Design Conditions

• Design methodology

• Basic Structural Design

• Effect of load reduction
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• WP1: Project management and coordination

• WP2: Aero-elastic code development and performance

• WP3: Control and Operational Strategy

• WP4: Design of mechanical structure & analysis        

• WP5: Power take-off and conversion system design

• WP6: Cost of Energy Reduction Analysis

• WP7: Environmental and Socio-Economic Impact

• WP8: Industry Ratification and Further Development Roadmap

• WP9: Communication, Dissemination

• WP10: Ethics requirements
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Design conditions
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• Representative North Sea environment 

• U70,50 = 36.8 m/s

• Hs,50 = 10.1 m

• Distance to shore 300 km

• Assumed 40 m water depth

Location of 18 potential European offshore sites
Li et all (2015)
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Design conditions

• Design according to DNV rules

• Primarily S355 steel considered

• Stress concentration factors according to Efthymiou

• Tentative dimensions / masses of electrical components from WP5

• Lumped load cases for basic design

• Loads from WP2
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Design methodology

• Dynamic load simulation

• Fully resolved wave loads (Morison)

• DNV rules

• Design fatigue factor DFF = 3 

• Stress concentration factors (Efthymiou)
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Reference: Fedem Theory Guide
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Significant fatigue loading
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Significant fatigue loading
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Sensible to control strategy!
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Optimization strategy

1. Increase leg diameter until feasible design

2. Keep ratio of brace diameter to leg diameter

3. Reduce D/t ratio (up to 16) to reduce both SCFs and wave loads
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Zwick (2015)
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Ultimate Loads Uinf = 36.8m/s
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z

188.61 MPa

• Turbine parked in any azimuth

• Different blade flag position

• All components applied
(no compensation from 2nd rotors)
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Basic structural design

• Demonstrates feasibility

• t between 60-110 mm

• SCFs generally between 2-5

• Stiff-stiff design at 1.66 Hz

• Top mass 224 tons (rotor + equipment)

• Primary steel mass 2574 tons (excl. piles)
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20 m

30 m

40 m 

56.1 m 

Diameter 
(m)

Thickness
(mm)

Legs 1.83 110

Braces 1.00 60
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Effect of load reduction
Applied loads on the tower top were reduced to 75% and

50% of the original components
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% load applied Mass (t) 

100 2574

75 2136

50 1635
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Main conclusions

• Design loads sensitive to control strategy
• Need to optimize / update loads

• Offshore support structure feasible
• But potentially heavy / expensive

• Still a lot of room for improvement…
• Need for computer-aided optimization
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Next steps

• Jacket design including flexible piles 

• Access the influence of blades´s centripetal and gravity loads

• Provide input to new control strategies

• Structural optimization
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X-Rotor session: Friday 9h
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