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• Development of a time-domain numerical approach for 

determining forces and moments in floaters [2]

• Real-time hybrid testing of a braceless semisubmersible 

wind turbine [3, 4]

• Validation

Content
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Relevant approaches are 

developed to derive the 

corresponding coefficients 

for modeling the external 

and inertial loads on each 

structural component. 

Details are available in [2].

4



Chenyu Luan - CeSOS

EERA DeepWind’2017

Real-time hybrid testing

Froude Scale: 

1/30
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Real-time hybrid testing
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Real-time hybrid testing
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Provided by Mr. Fredrik Brun from SINTEF Ocean
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Wave induced transfer function moduli

Fore-aft bending moment (𝑀𝑦) 0-degree-wave 

in Pink noise model test, Hs = 2 m

• 6 d.o.f.s rigid-body 

motions

• Fore-aft and side-to-side 

bending moments

• Good agreement

• Non-linear effects, noise 

and uncertainties
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Wave kinematics

2310 2321 2331 2340 2410 2420 4121 4221 4310 4410

Std 0.47 1.00 0.99 0.98 3.79 0.92 1.48 1.40 0.92 1.35

Std 0.47 0.99 0.99 0.97 3.78 0.92 1.47 1.40 0.92 1.35

Max 1.89 3.89 4.79 4.35 17.93 4.00 6.37 5.39 3.99 6.31

Max 1.78 3.15 4.26 4.34 18.36 3.89 5.94 5.30 3.88 6.15

Min -1.62 -3.08 -3.44 -3.02 -12.39 -3.03 -5.48 -4.44 -3.03 -4.48

Min -1.63 -3.33 -3.42 -3.05 -11.64 -3.02 -5.41 -4.52 -3.01 -4.46

Airy wave theory v.s. measured realizations of wave elevation 
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Wave induced transfer function moduli

Coherence function: 1-hour wave elevation and 

the fore-aft bending moment (𝑀𝑦) . Pink noise 

model test , Hs = 2m

• Non-linear effects, noise 

and uncertainties

𝛾𝑥𝑖𝑦𝑖
2 𝜔 =

|𝐺𝑥𝑖𝑦𝑖 𝜔 |2

𝐺𝑥𝑖𝑥𝑖 𝜔 𝐺𝑦𝑖𝑦𝑖 𝜔

0 ≤ 𝛾𝑥𝑖𝑦𝑖
2 ≤ 1
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Responses in moderate waves

Moderate waves

Good agreement𝑀𝑦

Hs = 3.6 m and Tp = 10.2 s.
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Responses in extreme waves

Extreme waves

2nd and higher order wave 

loads 

(not included in the TDM)

Non-linear wave kinematics      

(not included in the TDM)

𝑀𝑦

Hs = 15.3 m and Tp = 14 s.
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Responses in wind and waves 

𝑀𝑦

2nd and higher order wave 

loads 

(not included in the TDM)

Aerodynamic damping [5]

Drag forces

Turbulent winds, mean wind speed = 8 m/s

Hs = 5.2 m and Tp = 8 s.
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Base of the side column 1

𝑹𝑏,𝑠 𝜔, 𝑡

= 𝑹𝑃𝑎𝑟𝑡𝐴
𝑏,𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝜔, 𝑡 + 𝑹𝑃𝑎𝑟𝑡𝐴

𝑏,𝑎𝑑𝑑 𝜔, 𝑡

+ 𝑹𝑃𝑎𝑟𝑡𝐴
𝑏,𝑝𝑑

𝜔, 𝑡 + 𝑹𝑃𝑎𝑟𝑡𝐴
𝑏,𝑓𝑙𝑢

𝜔, 𝑡

− 𝑹𝑃𝑎𝑟𝑡𝐴
𝑏,𝑤𝑎𝑒𝑥 𝜔, 𝑡

A given cross section in the Pontoon 1

Transfer function modulus curves for the fore-aft bending moment and components of the 

corresponding external and inertial loads
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Conclusions

• The time-domain approach has been validated.

• Good agreement between simulations and measurements

• Non-linear effects (e.g. 2nd and higher order wave loads and wave 

kinematics) 

• Uncertainties, noise and unknown errors in the measurements

• Comparisons of the simulated and measured global forces and 

moments in the pontoons and the central column are considered 

future work. 

• Achieving consistent aerodynamic damping in the experimental 

and numerical model is challenging
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Thank you for your attention 
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Real-time hybrid testing

Model Test program:

• Tests without hybrid system

Decay, Regular waves, Irregular waves

• Tests with zero wind

Decay, Regular waves, Irregular waves

• Tests with constant wind

Decay and Regular waves

• Tests with turbulent wind

-Wind-only

-Irregular waves

-Below rated, rated, above rated

-One test with current

-Misaligned waves

-Fault conditions

Step by step increase in complexity 
with repetitions and decomposed 
conditions
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Environmental conditions of selected model tests

Refer

ence 

No.

Mean wind 

speed at 

nacelle 

height 

[m/s]

𝐻𝑠
[m]

𝑇𝑝 [s] Wind 

directio

n 

[degree]

Wave 

direction 

[degree]

Model 

test 

duration 

[hour]

Note

1713 11 -

-

-

-

0

0

-

-

3 Turbulent wind only

1733 25 3

2310 - 2 3.5-22 - 0

3

Pink noise tests

Wave only2321 - 4 4.5-22 - 0

2331 - 4 4.5-16 - 60

2340 - 4 4.5-16 - 90

2410 - 15.3 14 - 0 3 JONSWAP spectrum

Wave only2420 - 3.6 10.2 - 0 3

4121 25 5.9 11.3

0

0

3

Turbulent wind

JONSWAP spectrum4221 25 5.9 11.3 60

4310 11 3.6 10.2 0

4410 8 5.2 8 0
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Development of a time-domain numerical approach for determining forces and moments 

in floaters

A flow chart

Simo/Riflex/ 

Aerodyn

A generic 

horizontal axis 

floating wind 

turbine


