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Introduction and Objective Delfos

What is the function of the pitch system in a variable-speed turbine?
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@ Monitoring Pipeline for identify pitch-related underperformance



Challenges

e The pitch angle vs. wind speed function is
a characteristic of each wind turbine
model.

e Greater variability of the angles for higher
velocities — heteroscedasticity
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Normalized Wind Speed (m/s)

Gaussian Process with Heteroscedasticity

= Base Pitch Curve = Base Pitch Curve Lower Boundary
— Base Pitch Curve Upper Boundary & 10-minute Data

e Central trend of the relationship between
variables

e Probability of the expected value being
close to the central trend



Linear correlation between two nearby
anemometers

Selection of the anemometer pair
« Temporal shift analysis
« Good linear correlation

Filters and treatments
« Measurement outliers
- Wake effect

Line similarity analysis
« Null hypothesis: The lines are
identical
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Case 1: Nacelle Anemometer Anomaly Delfos

Under
Investigation

Pitch angle

Normalized Wind Speed E . - ; " -
Normalized Wind Speed

— Tendéncia central — Limiles operacionais + 10-minutais

gation

. Before Investigation

10 / Under investigation

4 There is a difference -
95% confiability
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Nacelle Anemometer and
Pitch System Monitoring
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Case 1: Nacelle Anemometer Anomaly Delfos

Under
Investigation

Pitch angle

Normalized Wind Speed

Normalized Wind Speed

After Repair

— Tendéncia central — Limiles operacionais o 10-minutais

. Before Investigation

gation

After Repair

There is no difference -
95% confiability

Nacelle Anemometer and
Pitch System Monitoring
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Case 2: Pitch system Anomaly

Pitch angle

Normalized Wind Speed

Tendéncia central Limites operacionais ® Hpiminutais
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Case 2: Pitch system Anomaly Delfos
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