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Introduction- EDF Group Offshore Assets
• Teesside Offshore Wind Farm

• 27 2.3MW turbines
• 1.5 km offshore
• 7-15m water depth
• Installation completed in June 2013

• Blyth Demonstrator Project
• 5 Vestas 8.3MW turbines

• Future assets
• Totalling 1.5GW

Motivation
• Gearbox replacement @ Teesside
• Gearboxes are designed to last for the lifetime of the asset- IEC 61400-4
• Majority of onshore and offshore wind turbines have a geared drivetrain
• Currently largest installed wind turbine (V164-8.0 MW) has a gearbox
• Early detection by OEM

• Reduce downtime
• Reduce component lead time
• Understand component reliability

• Perform future fault prediction and diagnosis
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Most common failure causes [3, 4]:
• Fundamental gearbox design errors
• Manufacturing or quality issues
• Underestimation of operational loads
• Variable and turbulent wind conditions
• Insufficient maintenance
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Micropitting [9] Tooth breakage [10] Pitting [11]

Spalling [12] Scuffing [11]

Most common failure locations [4-8]:
• HS Bearing
• IMS bearing
• Planet bearing

Most common failure modes:
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• SCADA
• Temperature, pressure, vibration, current, rotational speed, etc.

• Timeseries
• CMS

• Vibration
• Sampling in time instances
• Pre-processed (Envelopes, FFTs, Cepstrum, RMS, etc)

• Oil Particle Counter
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3 stage planetary/ helical gearbox



Power Curve
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SCADA Alarms + maintenance 
log timestamps have been 
removed that include: 

Yaw, Pitch, Generator, 
Electrical, Grid, Sensor failures, 
Environmental conditions, 
Maintenance operations

Filtering

Savitzky–Golay filter

Filtered Power Curve

Vibration Signal Vibration Signal
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Binned Power Curve

Filtering

Bins

IEC 61400-1-22

Filtered Power Curve
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Gearbox Oil Temperature vs Active Power
Gearbox Oil Temperature vs (Rotor Velocity)^2

High Speed Temperature vs Active PowerSCADA Active Power vs Rotor Velocity
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SCADA
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Planet Bearing Envelope

Planet Bearing FFT

CMS
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CMS Planet Bearing Cepstrum RMS

Particle Counter
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SCADA
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Algorithm Specifications True Pos. 
(Healthy)

True Positive 
Rate (Warning)

SVM Gaussian, Scale:0.26 97% 92%
Ensemble Bagged Trees, Split: 10, learners: 30 96% 91%
KNN Mahalanobis, NN=10 96% 92%
Decision Tree Gini's index, max number of splits: 400 95% 86%
SVM Quadratic, box constraint: 1 93% 81%

• “Healthy” state for data 4 months after
replacement (orange)

• “Warning” state for data 4 months prior
to replacement (blue)



CMS
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• Not constantly monitored systems
• Automation of forecasting models
• Autoregressive model for RMS signal

• Predicted same slope for 26 out of 27 turbines



Conclusions
• Planet stage bearing spalling on a 3-stage 2.3MW turbine gearbox
• Similar studies investigated catastrophic gearbox failures
• Identify and diagnose the failure by using SCADA and CMS data

• Temperature readings
• RMS vibration

• Data driven models to predict future failures

Future Work
• Further test the models in other failure modes and wind turbine models
• Investigate the environmental conditions’ impact on the results
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