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Towards Reliable Fatigue Life Prediction Of
Wind Turbines Under Stochastic Wind Loads

Preliminary Results

Wind turbine Figure 1. Labeled diagram of a wind turbine with its From over 1000 simulations and comprehensive analyses,
main components. o _ the critical insights into fatigue behavior under varied wind
Figure 2. Temporal and spatial distribution of wind . .
speed (m/s) generated using TurbSim conditions and structural responses emerge, underscoring
Figure 3. Matlab powered automation framework the framework’s ability to handle complex fatigue

ind field tion and structural simulati o . .
Jor wind field generation and structural simulations scenarios in multiple turbine contexts.
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Motivation and R 1. Fatigue damage escalates sharply with higher wind

“ nacelle U-component wind speed (m/s) speeds and turbulence intensities, but it’s the likelihood of
Research Problem conralier gear box Y - these conditions occurring together that drives the most

= critical impacts, insights further revealed through

With wind energy playing a vital role sensitivity analysis.
in the global energy transition,
ensuring the structural reliability of generator 2. In offshore cases, hydrodynamic loads introduce
wind turbines is more important than additional stresses at the mudline, making fatigue life
ever. One of the key challenges lies in S assessment at multiple locations essential. While the
accurately predicting fatigue — the yaw drive =——I mudline benefits from thicker piles and experiences lower
orogressive and localized structural sewrmotr= o damagg with Ior.mger fatigue life, the tower base emerggs as
damage resulting from repeated cyclic -- the critical location for both onshore and offshore turbines.
loading over time. This is especially Results also highlight that wave variability plays an equally

_power cable important role as wind variability in offshore fatigue.

critical for wind turbines, which are
continuously subjected to fluctuating
wind loads and environmental
conditions. As turbines are deployed
in increasingly complex onshore and W
offshore environments, fatigue

3. Automating the simulation and analysis workflow
enabled efficient processing of large datasets, revealing
that fatigue life predictions improve significantly when
realistic stochastic wind fields and turbulence
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becomes a major concern affecting cl.\arac.ter!stics are incorporated, upderscoring the value of
their longevity, safety, and high-fidelity environmental modeling.
maintenance costs.
This research introduces a l Configure OpenFAST Modules: Further Research SCOpes
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Figure 4: Onshore wind turbine model used in OpenFAST
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