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OpenFAST, a leading open-source framework for numerically modeling offshore wind
turbines and wind farms, is widely used for design and de-risking of floating offshore wind
turbines. However, current capabilities of OpenFAST do not allow for robust treatment of
certain highly nonlinear, safety-critical events. These events include platform responses in
extreme seas with wave breaking, vortex-induced vibrations (VIV) that exacerbate fatigue
risks in moorings and cables, and ice accretion and shedding on turbine blades. The SAFE-
WIND project is addressing these limitations by developing a suite of safety-centric physics
extensions for OpenFAST. The project team has coupled OpenFAST with the high-fidelity
computational fluid dynamics (CFD) toolbox OpenFOAM to support simulations of extreme
hydrodynamic loading under realistic combinations of wind, wave, and current conditions. A
reduced-order VIV model has been implemented within the MoorDyn module and validated
against empirical data. In addition, an ice accretion module is being integrated to predict
icing risks for offshore turbine blades across representative environmental conditions. The
coupled OpenFAST/OpenFOAM technology and additional ice accretion and VIV features
will be released under an open-source license. Collectively, these enhancements will enable
designers to simulate safety-critical phenomena in intermediate steps of the design phase
for offshore wind turbine installations. The resulting insights will also inform the
development of comprehensive guidelines for sensor placement in real-time structural
integrity monitoring, supporting safer and more reliable offshore wind operations over the
full asset lifecycle.
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