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Controller synthesis

Surrogate model selection: FLORIS
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Model adaptation — wind direction
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Controller synthesis

Model adaptation — wind speed
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Controller synthesis

Model adaptation — wind speed
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Model adaptation — wind speed
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Controller synthesis

Model adaptation — wake recovery factor

"When can we estimate the wake recovery?”
(Doekemeijer et al., 2019, Wind Energy, in review)
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Controller synthesis

Model adaptation — wake recovery factor
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Model adaptation — wake recovery factor
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Controller synthesis

Model adaptation — wake recovery factor
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Controller synthesis

Model optimization — yaw-based wake steering
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Controller synthesis

Model optimization — yaw-based wake steering
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D) Controller synthesis
"l@ And a bunch of extra stuff...

CL-Windcen

« Wind direction bias and drift detection (turbine side)

« Appropriate time averaging for the yaw angles, power signals, and
SCADA measurements

« A flag whether a steacy-state situation has arrived

« A flag whether there is sufficient observability over the specified time

window
Systems and Gontro . A robust optimization method accounting for wind direction variability
«  Smoothing between optimal yaw angles to reduce sensitivity to the

S estimated wind direction, wind speed and turbulence intensity
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CONTROLLER VALIDATION
IN SOWFA
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Controller validation
SOWFA — Estimation performance of the controller

12 —_ 1
&) 2] o
= ~ )
— g 10 3]
5 ) &
.S o >
S 50 g 8 g 05
& 2. z
= 2 S
i £ 6 "‘
: : :
Delft Center for 0 g
Systems and Control 4 0
0 2000 4000 0 2000 4000 0 2000 4000
Time (s) Time (s) Time (s)

%
TUDelft

Introduction | Controller synthesis with FLORIS | Controller validation in SOWFA | Conclusion 22



Controller validation
SOWFA — Power extraction compared to baseline operation
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Controller validation
SOWFA — What happens with the yaw actuator duty cycle?
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Controller validation
SOWFA — What happens with the blade OOP fatigue loads?
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D) Conclusion and outlook
‘.&‘J What did we do and what’s next?

CL-Windcen

« FLORIS-based wind farm controller survived stress-test
» An increase of up to +10% in instantaneous energy vyield

« An increase in yaw actuator duty cycle of up to +35%

Delft Center for « Reducing the conservatism in the control solution

Systems and Control

« Experimental validation

—_— « (Re)exploring a dynamic FLORIS
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Thank you!
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