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Cournon-Auvergnes, France. blondet@phimeca.com b. PRINCIPIA, Zone ATHELIA 1, 215 voie Ariane 13600 LA CIOTAT, FRANCE. j-michel.heurtier@principia.fr Keywords : Offshore wind turbine, monitoring, dimension reduction, lifespan prediction, digital twin, machine learning Phimeca and Principia have developed an innovative method and software for monitoring and predicting the longevity of moorings subjected to fatigue. The main objective is to provide a practical solution for long term monitoring minimizing the number of sensors and avoiding subsea captors. Actually, experience shows that monitoring systems often represent an additonal CAPEX and OPEX with rather poor outcomes. To do so, it combines finite element simulation and advanced data science, to continuously process onboard motion recordings.

This approach was successfully deployed for oil and gas offshore structures, and are now tested for offshore windturbine, within the scope of the FEDER AFFIDA project with promising results.

Our methodology consists in 3 steps :

First, finite element simulations are performed, based on episodes of motion, to estimate the fatigue damage of the mooring system. Concerning wind turbines, episodes are typically composed of time-series representative of sea state events, describing the global motion of the float and accelerations distributed at different positions over the floating platforms. This gives a reduced dataset of degrees of freedom episodes as inputs, and damage results at different locations as output data.

Second, the time-series are transformed, by applying a combination of machine learning methods, so that the problem dimension is drastically reduced : Among the intial thousands of variables, few parameters efficiently explain the relationship between motions and damages.

Finally, an emulator is trained and validated on the dataset. An emulator is a parametric function adjusted to the dataset, to replace the finite element simulation by a faster model. The dimension reduction makes the emulator numerically light enough to be embedded into the structure and to be compatible with constrained systems. The emulator predicts the damage for every new episodes and update the remaining lifespan of the wind turbine. It also predicts the uncertainty of the prediction, and automatically reject too uncertain predictions. Rejected episodes, typically rare events, are stored in a new database to update the emulator itself in the future. The emulator may also detect wind turbine states (production, idle).

This methodology enables offshore structure owners and operators to obtain a fast and updated lifespan prediction from an embedded light software, without any delay due to complex simulations. Thus, decision can be made quickly to ensure structural and environmental safety in case of a hazardous event.
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