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Block Island Wind Farm
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Structural Fatigue Analysis Framework
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Structural Fatigue Analysis Framework
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Rainflow counting of stress cycles

« Rainflow counting for a 10-minute interval on December 17, 2021 starting at 06:52 am
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Virtual Sensors via Modal Expansion

« Damage vs. time ratio to the lifetime of 25 years using extrapolating 1-year monitoring:
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What cycles cause the most damage?
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Sample stress time histories with high damage
04/01/2022 starting at 03:55:56
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Stress range (MPa)

2021 Wangwen Review of Fatigue Curves

Available Data

International Journal of Fatigue 145 (2021) 106075
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Windows-Based
Bayesian Assimilation Framework

Physics-Informed Neural Networks

Ph.D. work by Azin Mehrjoo
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U.S. + North Sea Experience
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Find a dynamic input at hub height that reproduces measured results
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Estimated input load for a high wind case

Estimated Input Load for a high wind case ~ WBIE
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Virtual Sensing at unmeasured locations

® Accelerometers
e Strain gauges

Moments’ Virtual Sensing for underwater sensors
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Physics Informed Neural Network
Simulation
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Phase I model: Test on Real Data

Test RRMSE = 0.102, Test RMSE = 94.269, Test TRAC = 0.997, Test MAE = 82.380
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Train Phase 2 by Fine-tuning
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Comparison

Physics-based estimator Physics Informed NN estimator

Very Accurate estimation Accurate estimation

Interpretability rast
Scalability
Needs a physical model Black Box

Takes long to run for 10 minuets

of measurements Dependency on the quality of

training data
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