
Ready for data?
The challenge of measurement installation 

and operation at alpha ventusand operation at alpha ventus

Project: RAVE - Measurements and Data Managementj g
Dennis Kühnel, German Wind Energy Institute (DEWI)

Gefördert auf Grund eines Beschlusses 
des Deutschen Bundestages Projektträger Koordination



Page 2Outline



MeasurementInstallationPlanning



Planning - What to measure?

– Structural Loads and Dynamics
– Acoustics and Operational Noise
– Meteorology and Wind Measuringgy g



Page 4Planning - What to measure?

– Structural Loads and Dynamics
– Acoustics and Operational Noise
– Meteorology and Wind Measuringgy g
– Ecology



Page 4Planning - What to measure?

– Structural Loads and Dynamics
– Acoustics and Operational Noise
– Meteorology and Wind Measuringgy g
– Ecology
– Oceanography



Page 4Planning - What to measure?

– Structural Loads and Dynamics
– Acoustics and Operational Noise
– Meteorology and Wind Measuringgy g
– Ecology
– Oceanography

Grid Integration– Grid Integration



Page 4Planning - What to measure?

– Structural Loads and Dynamics
– Acoustics and Operational Noise
– Meteorology and Wind Measuringgy g
– Ecology
– Oceanography

Grid Integration– Grid Integration
– Sonar Transponder



Page 4Planning - What to measure?

– Structural Loads and Dynamics
– Acoustics and Operational Noise
– Meteorology and Wind Measuringgy g
– Ecology
– Oceanography

Grid Integration– Grid Integration
– Sonar Transponder
– Ground Erosion



Page 4Planning - What to measure?

– Structural Loads and Dynamics
– Acoustics and Operational Noise
– Meteorology and Wind Measuringgy g
– Ecology
– Oceanography

Grid Integration– Grid Integration
– Sonar Transponder
– Ground Erosion
– Turbine Operation Data (High Resolution)



Page 5Planning - Sensors & Measurement Equipment

– Strain Gauges (>160) from Blade Tip to Driven Pile (electrical & 
optical)

– Acceleration (>40) Sensors in Tripod, Main Column and Nacelle
– Water Pressure Sensors (30) in three depths
– Echo Sounders

W t T t S T t & H idit i id– Water Temperature Sensors, Temperature & Humidity inside
– Inclination Sensors in Main Column
– Relative Movement of Driven Pile

Wave Height Radar and Camera– Wave Height Radar and Camera
– Acoustic Sensors in- and Hydrophones outside
– ADCP (Acoustic Doppler Current Profiler)
– Sea Surface Wave BuoysSea Surface Wave Buoys
– Incoming Wind and Wake LiDAR
– Corrosion Markers
– Video Camera
– Wind Turbine Operational Data



Page 5.1Sensor Installation - Example: Electrical Strain Gauge



Page 5.2Sensor Installation - Strain Gauges Placement
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Page 5.9Measurement - Ground Stationed Acoustic Doppler Current Profiler (ADCP)
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• What sensors and measurement Equipment is needed?



Page 7Sensor Installation - Schematic Measurement

Sensors
Sensors

O SSensors − Over 300 distinct Sensors

Measurement Amplifier
(Short Term Data Storage)( g )

Logging Systems (PCs)



Page 8Sensor Installation - At the Installation Site (Verdal, Norway)



Sensor Installation - Inside Main Column Sensors & Cables



Sensor Installation - Cables…



Sensor Installation - Schematic Measurement

Sensors
O SSensors − Over 300 distinct Sensors

Amplifier
6 A lifi AV07 2 AV08

Sensors

− 6 Amplifiers on AV07, 2 on AV08
− Main Column, Nacelle (Hub via 

Bluetooth)Measurement Amplifier
(Short Term Data Storage)

Logging Systems
− 2 Control Cabinets
− 2 PCs offshore 2 onshore (Oldb )

( g )

− 2 PCs offshore, 2 onshore (Oldb.)
− Auxiliary Power Supply
− Network Switches for Remote 

Control
Logging Systems (PCs)

Control
− Network Power Sockets



Sensor Installation - Amplifiers and Control Cabinet



Measurement - Validation of Data – DMS Load reaction test

45



Measurement - Validation of Data
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Page 13Measurement - Validation of Data

Validation of Data
Di t R i t− Direct Resistance 
Measurement on Sensors

− Signal Range
− Linear Calibration with

Sensor Data Sheet
− Physical Value Thresholdsy
− Sensor similarity?
− Load Reaction

Spektral Analysis− Spektral Analysis
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Validation of Data
Di t R i t

Data Summary AV07-AV12
− >400 Channels− Direct Resistance 

Measurement on Sensors
− Signal Range

>400 Channels
− 50Hz (mostly)
− >18.000 Values per Second
− 10min save Intervalls

− Linear Calibration with
Sensor Data Sheet

− Physical Value Thresholds

10min save Intervalls
− ~120MB / 10min    

~17GB / Day             
~6.3TB / Year       y

− Sensor similarity?
− Load Reaction

Spektral Analysis− Spektral Analysis



Thank You For Your Attention
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