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Context
Wave measurement Wave force prediction included in the
The FLOATECH project aims at increasing the technical maturity and the cost competitiveness (3Sgc2.r|esdei§§§3 turbine CO”trogedfOrward)
of floating offshore wind energy. Amongst other tasks, ECN and TU Delft worked on the - arbine

_/

implementation and validation of a wave-based feedforward control for FOWT.
FLOATECH

The experimental validation of controllers, including various environmental loads and couplings

(e.g. hydrodynamic, aerodynamic, control and mooring) require advanced modeling approaches.

ECN's contribution : wave tank experiments for wave prediction and validation of the control techniques,
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SoftWind
spar

including a Software In the Loop approach, and a multi-component force actuator to reproduce the servo-aerodynamic loads.
This poster presents the evaluation of the performance of the SIL actuator.
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Hybrid testing: accurate multi-component Software In the Loop approach (SIL)

A FOWT was tested in a wave tank with an improved SIL method to replicate the full rotor loads

. . 2) Physical model test (model scale) and
at the tower top. The applied forces are measured and controlled using a feedback control loop.

multi-directional load application
1) Real-time simulation running on OpenFAST (at full scale, on a NI CompactRIO)

: : : — Wave generation in the physical wave tank
with motions measured on the physical model J PRy

Wind Wave - Measurements of the response
R condition condition . . Axial thrusters
| 6 - Application of the calculated
Features: Inflow wind | T T T m - - == )
- \ Servo- | ! " ' ‘ loads (5 components), with a SecondanipiiEsE
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Evaluation of the accuracy of the aerodynamic force reproduction (inner control loop)

: : : : L. . 1:40 scaled model
The experimental setup is validated in realistic waves (e.g. H, =7 m, T, = 12 s) and wind (U = 14 m/s, TI = 7.1 %). The force of the DTU 10 MW turbine

spectra (reference and measured) are used to approximate the SIL system's transfer function. The force time series are filtered supported by the SoftWind spar
and decomposed into low, wave and 3P frequency domains to evaluate the ability of the system to follow the reference force.

1) Estimation of the performance of the hybrid approach 2) Time domain decomposition: ==,
» Transfer functions: reference - applied forces * Full time series, and band-pass filtered measurements = ==
o Better performance in closed loop at low and wave frequencies ’ The cIosed. loop cpntrol allows a better agreement at LF and WF =
> Maximum 60 ms delay (max 80° phase at 3P frequencies) In comparison with the open loop —————F8
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Approximated delay between reference and applied
forces in open loop (OL) and closed loop (CL) A new tool for experimental analysis of floating wind turbines
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2 0 The SIL system is able to reproduce the five main components of = . ~ - ol
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- Al LF WF 3P the servo-aerodynamic loads calculated by OpenFAST in real-time. £ | [ | B s s s
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Nevertheless, the improved accuracy of the closed loop system at & 1\/V\/\/w’b’\v\/\fv\/\/\w
Maximum total delay in closed loop: 120 ms, low and wave frequencies, allows extensive studies on the FOWTS' O o w0 o oo ot "I
including: motion measurement, velocity calculation, ] ] | e s S
. . . . n a m iCS a n CO ntro . Baseline control Wave-based FF control
OpenFAST S|mulat|on, and appllcatlon of the forces. y Effect of wave-based feedforward wind turbine control (U=14 m/s, TI=13.4 %, H,=7 m, T,=12 s)
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