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Overview

- Problem definition

- Pitfalls in wind turbine system identification under closed-loop
The necessity of proper excitation

- Excitation signal design

- Overview of closed-loop system identification methods
- Model validation criteria

- Results with simulation data

- Results with experimental data

- Conclusions
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Wind turbine system identification
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Problem definition

Relevant channels: wind Vnod
- Basic pitch control: g®W
. Drive-train damp.: Tg®W ° Vnay
- Tower fore-aft damp.: q® vnod Tq O
- Tower sideward damp.: Tg® vnay — ™ >
Linear models - |
: Kg [—
Model accuracy at relevant frequency : |
intervals | Ko 4{*
L N
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Wind turbine system identification: setup

To identify unbiased models from

closfedl-loop data, additional wind | Vnod
excitation is needed on the:
. . . r >
Blade pitch signal, and/or 0,06 0 / Vnay
- Generator torque signal ) A T
9 A 2@, 9 > £) >
Excitation signal is designed such e

that no unacceptable wind turbine
loads are introduced.
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Excitation signal design: blade pitch angle

Blade pitch angle excitation requirements:
- Not lead to unacceptable turbine loads
- Acceptable pitch speeds (8 dg/s) & accel. (40 dg/s"2)

Blade pitch excitation design

Basic PRBS signal taking values {-1.5, 1.5} degrees
Low-pass filter, cutoff frequency 1 Hz

Band-stop filter around tower frequency
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Excitation signal design: blade pitch angle

Energy research Centre of the Netherlands www.ecn.nl




Excitation signal design: generator torque

Generator torgue excitation requirements:
- Not lead to unacceptable turbine loads
- Maximum allowable power (7-8% of rated)

Generator torque excitation design:

Basic PRBS signal magnitude {-3%,+3%} of rated torque
Low-pass filter (FIR), cutoff frequency above drive-train frequency

No band-stop filter at tower or drive-train frequency applied!



Excitation signal design: generator torque



Approaches to closed-loop identification

Prediction error methods
- Direct method
- Indirect method (needs K)
- Joint Input/Output method (needs r)
- Instrumental variable method (needs r)
- Tailor-made instrumental variable method (needs r & K)

Subspace identification methods

- Closed-loop N4SID (needs K)
- Parsimonious subspace identification method
- Subspace identification using output prediction



Model validation
Prediction error:

Frequency domain:

- Comparison to spectral analysis estimate
- Analysis of prediction error spectrum

Time-domain:
- Auto-correlation test: “prediction error is white noise”

- Cross-correlation test: prediction error is not correlated with past inputs
- Variance-accounted-for

. Prediction error criterion



Results with TURBU simulation data: identification of channel g®W



Results with TURBU simulation data: identification of channel @® vnod



Results with TURBU simulation data: identification of channel Tg ®W



Results with TURBU simulation data: identification of channel Tg ® vnay



Results with field data: tower first fore-aft mode



Results with field data: tower first side-to-side m ode



First drive-train mode identification



Conclusions

System identification can improve the wind turbine control algorithms

System identification requires additional excitation on the controllable
inputs of the turbine (blade pitch and/or generator torque)

The excitation can be designed in such a way that
- Accurate models are identified
- No unacceptable turbine loads occur

Validation methods indicate high model accuracy, so the identified
models should be well-suited for control design



