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Monitoring Technology Domain

The process of collecting data 
using sensors about a system or its 

environment, the analysis and 
interpretation of that data to 

identify the current state, detect 
changes or predict future events.

Monitoring

Data 
acquisition

Signal 
processing

Dashboarding

Decision 
making

Machine and 
deep learning

Data 
analytics

Sensor 
technologies

Degradation 
modeling
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Anomaly detection 
(normal vs anomalous)

Fault diagnostics 
(location, type, severity)

Fault prognostics 
(remaining useful life)

(Cost) optimal maintenance 
scheduling

Root cause analysis 
(operator assistance)

Health aware control 
(life extension)

Industrial health management for optimal 
maintenance

Levels of functionality
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Offshore wind turbines

https://www.gannettfleming.com

A Monopile with sub-components

https://www.gannettfleming.com/project/eew-group-wind-energy-monopile-manufacturing-facility/
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Corrosion 

[O. Knudsen, A. Bjorgum, ‘Corrosion protection of offshore wind turbines – long life protective coatings’ ]
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Corrosion

Ultrasound-based measurements of wall thickness

Monitoring of corrosion in Atmospheric and Splash 
zones: 

- Fixed sensors in splash zone

- Drone with attached sensor for atmospheric zone
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Corrosion Prognostics

End of life estimation using Kalman 
filtering

With confidence intervals



public

Fleet leaders

Sensors are expensive

Wind farms have a lot of turbines

How do we get RUL for all turbines?
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ICCP (Impressed Current Cathodic Protection)
Active Cathodic Protection with DC current
No massive sacrificial metal added to the structural load, and dissolved in water
Enabling remote control and monitoring through SCADA system

https://www.youtube.com/watch?v=opNwNvxFjUw

The ICCP voltage is  typically an input signal for a closed loop control of ICCP, that tracks a setpoint of ICCP 
current. The current measurement may contain information on historic degradation protection.

https://www.youtube.com/watch?v=opNwNvxFjUw


public

Corrosion Prognosis: Fleet Leaders 

An exercise using the 
Generic Corrosion Model
• Evaluated on an extreme case 

with virtual noisy data
• Non-uniform data

➢ Corrosion rate
➢ Corrosion thickness

• Seasonal effect
• ICCP switching

• Parameters being inferred:
• Corrosion rate power 𝑛

together with its
• seasonal (harmonic) 

component, and
• an ICCP protection 

degradation

Prediction

Prediction

ICCP ON

ICCP OFF

ICCP ON
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Corrosion Prognosis: Farmwide

Fleet leaders: (High-fidelity) corrosion rate sensors

Farmwide: (Low-fidelity) ICCP data 

➢Find spatial correlations from ICCP data to map the high-fidelity 
data
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Drivetrain
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Bearing failures
Gearbox Typical Failure Modes, Detection and Mitigation Methods
Shawn Sheng
National Renewable Energy Laboratory/National Wind Technology Center
AWEA Operations & Maintenance and Safety Seminar
January 15–16, 2014
NREL/PR-5000-60982
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Bearing RUL

survival model based -> before anomaly detection

vibration-based degradation model for RUL prediction

Anomaly detection
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New research

Loads on the bearing vary over lifetime

Turbines see strong variation in wind loads
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Contact

Interested in the details of this research?

Struggling with similar problems?

Pieter Bovijn

pieter.bovijn@flandersmake.be
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