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Optimal Sensor Placement for Physics-Based Digital Twins
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Physics-Based Digital Twins
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U.S. East Coast Offshore
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Block Island Wind Farm
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« 9-accelerometers + 8-strain gages

« Sampling frequency of 50 Hz 4

- Data is saved every 10 min Open Access:
— https://www.sciencedirect.com/
E science/article/pii/S096014812
S Renewable Energy 2017670

Valume 202, January 2023, Pages 1032-1045
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Structural instrumentation and monitoring of
the Block Island Offshore Wind Farm
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Monitoring the Turbine’s Vital Signs
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Variability with Operational Conditions
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Stress vs. Wind Speed of Nasim Partovi-Mehr
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Digital Twinning for Load Estimation
and Virtual Sensing
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Problem Statement

Find.:

= Uncertain model parameters (e.g., soil springs)

= Time history of input loads

/Given:

= A validated model
= Measurements

= Parameters of interest to be estimated q: k.,

iLocations of applied loads

/

F wind (t)

FWCer (t)
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Recursive Bayesian Inference

Window-based
EKF for Joint

Measurement Estimation
y 1 Likelihood function
Prediction error / PYI®) = N(pe, Ze)
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I l p(Ply) « p(y|¥) p(¥)
> Model prediction
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Recursive Bayesian Inference

Window-based
EKF for Joint

Measurement Estimation
y 1 Likelihood function
Prediction error / PYI®) = N(pe, Ze)
y —y(W)~N(0,R)

I l p(Ply) « p(y|¥) p(¥)
Model prediction
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Hybrid Machine Learning + Physics-Based
for Wind-Farm Level Monitoring
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Motivations
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SCADA system
measurements [N Hybrid Physics-

""""""""""""""""" Based Machine
Learning Informed

" Monctirad ofrtietitral ! Analysis
Measured structural y

response from
instrumentation

Tufts

UNIVERSITY




Input Load Estimation

Train RMSE= 0.169, Test RMSE=0.276
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