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Real time structural analyses of wind turbines 
enabled by sensor measurements and digital twin models
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Do we need predictive maintenance?
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Digital twin method overview
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Tower structure monitoring
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Prototype at Havøygavlen

SAP Predictive Engineering Insights (PEI)

https://sap-my.sharepoint.com/personal/martin_hasle_sap_com/Documents/03_Marked/031_Presentasjonsmateriell/Underlag/Filmer/Hav%C3%B8ygavelen_demo.mp4
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SAP Predictive Engineering Insights application areas

1 Structural diagnostics 2 Fatigue and durability 3 Vibrations diagnostics
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Why response of the tower structure

• Structural issues
• Fatigue of the flanges
• Top section of the tower

+ for offshore WT: 
• Fundament and grouting
• Taller towers

Structural and wind 
loads for control 

decisions

Fatigue analysis for 
remaining life

Condition- and 
trend-based 
maintenance

history today future

Insight of system state…

…used for both hindsight and foresight
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Why response of the tower structure

• Structural issues
• Fatigue of the flanges
• Top section of the tower

+ for offshore WT: 
• Fundament and grouting
• Taller towers

• Wind response “gauge” for the system:
• Emergency brake
• Start/stop and yaw algorithms
• Yaw misalignment
• Mechanical issues
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Emergency stop due to sudden voltage drop from converter fault

System «spins out» after

voltage drop

System suddenly brakes 

to avoid incident

Structural aftershocks

Predict event based on
system behaviour
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Extreme loads from rapid changes in state, production > stop > production
Local time: 04.06.2018, 21:25-21:45
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One radical happening (orange and blue) ≈ 4 days normal life (green)
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Wind changes direction rapidly, June 23rd 2018, 12-24

https://www.yr.no/place/Norway/Finnmark/M%C3%
A5s%C3%B8y/Hav%C3%B8ygavlen/almanakk.html
?dato=2018-06-23

https://www.yr.no/place/Norway/Finnmark/M%C3%A5s%C3%B8y/Hav%C3%B8ygavlen/almanakk.html?dato=2018-06-23
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Impact of yaw misalignment on produced power (simulation study)



15PUBLIC© 2018 SAP SE or an SAP affiliate company. All rights reserved.  ǀ

Yaw misalignment based on SCADA raw data – WTG008
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Yaw misalignment based on SCADA data time intervals – WTG008

raw data

mean over 60s

mean over 600s

mean over 3600s
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Yaw misalignment based on SCADA raw data – wind farm level
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Yaw misalignment, wind direction, yaw angle, wind force direction
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Analysis approach for each data point of mean time series (step 1)

Theoretical EnergyLoss [%]

@ WindSpeed, YawMisal.

YawMisalignment [deg]

WindSpeed [m/s]

ActivePower [kW]

Theoretical EnergyLoss [kWh] = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 kWh ⋅ EnergyLoss [%]
ProducedEnergy [kWh] = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 [kW] ⋅ time [h]
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Analysis for mean time series 

Theoretical EnergyLoss [kWh] = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 kWh ⋅ EnergyLoss [%]
ProducedEnergy [kWh] = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 [kW] ⋅ time [h]

Calculated values for 
each time step of 
mean time series. 𝛴𝛴

Total numbers calculated 
for both individual 
turbines as well as 
complete wind farm.
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Not just the power production that will take a hit…
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Produced power vs fatigue

https://sap-my.sharepoint.com/personal/martin_hasle_sap_com/Documents/03_Marked/031_Presentasjonsmateriell/Underlag/Filmer/Hav%C3%B8ygavelen_demo.mp4
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SAP Predictive Engineering Insights application areas

1 Structural diagnostics 2 Fatigue and durability 3 Vibrations diagnostics



24PUBLIC© 2018 SAP SE or an SAP affiliate company. All rights reserved.  ǀ
Time [sec]

Freq [Hz] Freq [Hz]

From time series to spectrogram

Freq 
[Hz]

Ampl
[m/s2]

Ampl
[m/s2]

Ampl
[m/s2]

Time [sec]

…  …

Color 
encoded 
amplitudes
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Case study: One day in the North, 50 Hz IMU readings, looking for issues
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Case study: One day, diagnostics using Digital Twin and some SCADA-data
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Including more SCADA-data, diagnostics getting quite complex
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Vibration Monitoring - roadmap

May ‘18

Oct ‘18

Feb ‘19

May ‘19

Phase 1
Proactive Analysis by Vibration Experts

Phase 2
Trigger Alerts, Support of Periodical Measurements

Phase 3 
Automatic Pinpointing of System Deviations

Phase 4 
Decision Support Insight / Severity of problems
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Digital twin integrated model based on simplified models by suppliers

Detailed model by supplier
Simplification and hand-over
Digital twin integrated model

Blade design

Tower design Drive train

Control system
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SAP Predictive Engineering Insights

SAP Predictive Engineering Insights
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Vibrational 
Analysis 

*Machine 
Learning Models

Physics-based 
Models

Visualize Structural 
Behavior

Business DataMachine Data

Maintenance Execution Systems
FEDEM Structural Dynamics Simulation Models

SAP Data Hub
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SAP Predictive Engineering Insights Enabled by ANSYS
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Analysis 

*Machine 
Learning Models

Physics-based 
Models

Visualize Structural 
Behavior

Business DataMachine Data

Maintenance Execution Systems

SAP Data Hub

ANSYS Multi-physics Simulation Models

SAP PEI Enabled by ANSYS
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Contact information:

Mateusz Graczyk
Senior Project Manager
Mateusz.Graczyk@sap.com
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