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Floating  offshore  wind  turbines  (FOWTs)  offer  significant  potential  for  clean  energy
generation in deep-water regions with strong and consistent winds. However, maintaining
platform  stability  under  harsh  environmental  conditions  remains  a  major  challenge.
Excessive platform motions can reduce turbine efficiency, increase structural loads, and
complicate maintenance operations.

This study experimentally investigates the hydrodynamic behaviour of a novel four-legged
semi-submersible platform designed for FOWT applications in harsh ocean environments.
The platform incorporates heave plates to reduce vertical motion and is compatible with
active  motion-control  systems,  including  thrusters  and  a  dynamic  winch-based  force-
feedback system, to minimize roll and pitch motions.

A 1:40 scale model was tested in the wave basin at the National Research Council of Canada
under various wave conditions and headings. The experimental setup included a four-point
mooring system, heave plates, and an in-house-developed winch-based motion-minimization
system. Measurements of wave drift forces, platform motions, accelerations, and mooring
loads were obtained to evaluate the effects of the motion-reduction devices.

Results demonstrate that the heave plates effectively reduce vertical motions and improve
force stability by altering the surrounding flow field. The winch-based system successfully
reduced roll and pitch motions across all tested conditions, although the extent of reduction
varied with wave characteristics. Without motion-reduction systems, the platform exhibited
greater motion and stronger coupling between motion modes, particularly in long waves.
Reduced motions also resulted in lower acceleration variability and decreased peak mooring
loads, improving structural reliability and durability.

An  uncertainty  analysis  confirmed that  the  measurements  were  repeatable  and within
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acceptable error limits.  Overall,  this  work provides a reliable experimental  dataset  for
validating numerical  models  and supports  the development of  advanced motion-control
strategies for floating offshore wind platforms operating in harsh marine environments.


