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A bit of background

Offshore wind engineering

“Pioneers” in FOWT coupled analysis S/
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Hywind Scotland coupled analysis, v
design support, and cable analysis
(Concept, FEED, Detailed design)
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Hywind Tampen coupled analysis,
mooring design, and cable analysis
(Concept, FEED, Detailed design)

Several concept studies (Semi, SPAR)

Several bottom fixed cable dynamics
and cable protection studies
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A bit of background

Monitoring and asset management

Subsea well / rig monitoring

Strain, motions, well integrity,
operational decision support

> 3000 campaign days pr year
Monitoring of Subsea7 vessel fleet

Motions, weather window optimization

Operational on 4 vessels (so far)
4insight - Asset management/analytics

> 200 external users
> 2000 subsea assets (risers, wells)

Monitoring of Lista onshore wind farm

Lifetime extension pilot
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Why lifetime extension

Actual asset long-term loads will deviate from design assumptions

In either case (more loads/less loads) there is economic incentive for
optimization of asset operation to meet or exceed design lifetime

In case of more loads: Mitigating actions to reduce loss
Insurance claims (?), controller tuning, selective turbine derating, etc.

In case of less loads: Potential lifetime extension to increase yield

Requires documentation, certification (?), regulations, permits, insurance, etc.

Direct monitoring of loads and motions is basis for either path
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Case study: Zefyros

Pilot measurement campaign at Zefyros (Hywind Demo)

Test of sensor kit for offshore wind application
Sensors repurposed from subsea well and vessel monitoring
Test of operational support service (live data access / dashboards)

Test of lifetime extension service (strain measurement and prediction)
Digital twin for floating wind (damage extrapolation / other locations)
Practical campaign limits (duration and quality of prediction)

Validation and general understanding of floating wind turbine behaviour

Ongoing since April 2020
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Equipment “ I

SMS Guard™

Autonomous, retrofittable sensor kit for wind turbines

4Subsea SMS Guard kit with

4 x SMS Strain sensors (retrofit, magnetic attachment)
10 Hz, +/- 2700 pStrain range, <0.5 pStrain resolution
1 x SMS Gateway

Processing and Communication unit

6-DoF Motion sensor (accelerations / gyro)
Pressure and temperature sensor

10 Hz - 125 Hz

In-house developed and fully commercialized

Designed for reliability and ease of installation
Installation by operators own personnel on a single visit
Requires only electrical connection and LAN/WiFi |

Link: https://www.4subsea.com/wp-content/uploads/2019/06/SIM_SMS-Guard_data-sheet-1.6.19.pdf
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https://www.4subsea.com/wp-content/uploads/2019/06/SIM_SMS-Guard_data-sheet-I.6.19.pdf

Measurement setup

Sensor kit located with easy access near flange
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Data analytics

SMS Gateway online with data link

4insight®

“Live” dashboards on 4insight.io

Motions and weather, spectral analysis,
cumulative damage calculation, etc.
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Measured results

Motion vs. wind and wave
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Pitch std. [deg]

Strain std. [u strain]
S

Measured results

Strain vs. motion
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Calculated damage

Cumulative damage vs. wave height
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Weather

Measurement period vs. average year Average year Measurement period

Similar directional distributions

However, lacking severe weather

Measurement period is not including
January and February, normally the
months with worst weather

Wind rose

Expect good measurements and
prediction models from relatively
short campaign (1-2 years)

Hs rose

Tp rose
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Fatigue correlation

Strong correlation with wave height - promising for machine learning
Uncertainty due to limited number of severe weather events
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[ifetime estimates

Direct damage calculation and extrapolation

Lifetime estimates uncertain due to importance of severe events
Direct extrapolation based on measured period > 1000 years life

Improved estimates to be made based on machine learning
methods when more data is available

Restricted © 4Subsea 4subsea



Further work

Continuation of Zefyros campaign and beyond

Improvements from higher resolution wind and wave data?

E.g., 1-hour wind and wave hindcast and high resolution (1Hz?) wind data from SCADA

Machine learning (ML) models for damage prediction (historic/future)

Requires more severe weather data for model training

Digital twin (DT) for damage prediciton at other locations than flange

And several other potential use cases for such model

Mooring lines? No sensor data available at Zefyros, retrofit is complicated

Other turbines where this is available?

Park management => how many turbines should be monitored?
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