Multiple-degree-of-freedom actuation of rotor loads in model testing of
floating wind turbines using cable-driven parallel robots
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ReaTHM® testing circumvents limitations of hydrodynamic laboratories, and in particular
inherent issues of physical wind/wave testing of floating wind turbines. The rotor and wind

field are numerical and interact in real tim with the scale model subjected to physical
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Cable-driven parallel robots (set of motor-winch-cable 1DOF actuators)

One more line e From where and in which direction should they pull on the structure?
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9 e How to allocate tensions from rotor loads, and how to control pretension?
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setpoint vector: stay close to reference
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Power spectral densities of Euclidean and infinte norms of commanded
tension vector at near-cutout condition (25 m/s), from LIFES50+ model tests

Specify tension on one particular line

setpoint vector: stay away from slack and peaks

Intuitive Performant

Results
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¥, b i T gives physical meaning to the cost of much higher tensions
&= 200 iy * 1 . . L o Py Frs rFryef 31 .
% . minfL) W ¢ Using higher-order norm as minimization objective is significantly more effective
E 15 | Fref =Fbar N 0 q A . .
£ minfL )L in keeping tensions further away from slack and excessively high values than
d’ wr e e e minfl )L 1 using the Euclidean norm. The tensions still stay close to reference when using
B °r s, 1 higher-order norms. mm) It should be used

g gz 2] g 1 * The choice of the norm to minimize is less important for the NOWITECH setup

Surge NF Yaw NF Pitch NF~ Wawve 3p
- Coherent wind spectrum -
NOWITECH 3 e research leading to .
) NTNU Theresearch leadngt KPN Hybrid References

@ SINTEF

OCEAN

UFESS0s
=

received funding from
the European Union Horizon2020
programme under the agreement
H2020-LCE-2014-1-640741

This work has been funded by
the Research council of
Norway, contract no. 193823

[1] Valentin Chabaud, Real-Time Hybrid Model Testing of Floating Wind Turbines, Phd thesis, NTNU, 2016
[2] Gosselin et al.., On the determination of the force distributic i cable-driven parallel robots. Meccanica, 46(1):3-15, 2011
[3] Thys et al., Real-Time Hybrid Model Testing of a semisubmersible 10 MW floating windTurbine, to be published in Proc. Of 37t OMAE conf., 2018

in overc




