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Digital twin method overview

» » Sensorraw data » » Pre-processing » » » Actuator
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Tower structure monitoring
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Prototype at Havgygavlen
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https://sap-my.sharepoint.com/personal/martin_hasle_sap_com/Documents/03_Marked/031_Presentasjonsmateriell/Underlag/Filmer/Hav%C3%B8ygavelen_demo.mp4

SAP Predictive Engineering Insights application areas

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

: of system state...
Structural issues y

Fatigue of the flanges
Top section of the tower

+ for offshore WT:
Fundament and grouting
Taller towers

- Structural and wind
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Fatigue analysis for
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_ r, Condition- and
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Why response of the tower structure
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Emergency stop due to sudden voltage drop from converter fault

Wl o,

System suddenly brakes

to avoid incident

Mid Rx
Mid Ry

el

»M
R

Yy Y 4 ! )
Pyt IV Vi \ il
— N | VA s SR AART A e VM e
0 1 ‘ il R TTTY TV PYTEY, T A T Prr o oredet -
/ ' ml rm T ey = v
[
i
0

FFFFFFFFF

* |System «sgns out» after it
= \voltage gfop \

Predict event based on AN

system behaviour

o

straingaugel
straingauge2

m\Hmnl\mlml MWHHW‘AWMWWWWWW
N

Structural aftershocks

© 2018 SAP SE or an SAP affiliate company. All rights reservel

d.

10



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)
Virtual strain gauge 1 (tower bottom), 2018-06-04, UTC
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N
Wind changes direction rapidly, June 23rd 2018, 12-24
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Impact of yaw misalignment on produced power (simulation study)

FEDEM simulation of NORDEX N80 exposed to constant wind
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Yaw misalignment based on SCADA
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N
Yaw misalighment based on SCADA data — WTGO008
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Yaw misalighment based on SCADA data — wind farm level
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Yaw misalignment, wind direction, yaw angle, wind force direction
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Analysis approach for of mean time series (step 1)
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Analysis for mean time series

ProducedEnergy [kWh] = ActivePower [kKW] - time [h]
Theoretical EnergylLoss [kKWh] = ProducedEnergy [KWh] - EnergylLoss [%]

Energy bar graph, WTG008, 20180507-20180508 (data based on mean values over 600s time intervals)
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Not just the power production that will take a hit...

Generator power
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Produced power vs fatigue

2500 Power curve with fatigue damage overlay - HAVGAV-2017-04-WTUR8-m4 (10 min average data)
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SAP Predictive Engineering Insights application areas

Structural diagnostics Fatigue and durability Vibrations diagnostics
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From time series to spectrogram
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Case study: One day in the North, 50 Hz IMU readings, looking for issues

Short time fourier transform, IMU measurements at tower top (ID20-ACC-X, 1 minute time span)
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Case study: One day, diagnostics using Digital Twin and some SCADA-data

Short time fourier transform, IMU measurements at tower top (ID20-ACC-X, 1 minute time span)
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Including more SCADA-data, diagnostics getting quite complex

rements at tower top (ID20-ACC-X, 1 minute time span)
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Vibration Monitoring - roadmap

Phase 1
Proactive Analysis by Vibration Experts

Phase 3
Automatic Pinpointing of System Deviations

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

May ‘18

Oct ‘18

Feb ‘19

May ‘19

Phase 2
Trigger Alerts, Support of Periodical Measurements

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

Blade design

Tower design
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SAP Predictive Engineering Insights

Maintenance Execution Systems . . :
FEDEM Structural Dynamics Simulation Models

SAP Predictive Engineering Insights

Vibrational Visualize Structural
Analysis @ Behavior

*Machine Physics-based
Learning Models P Models

SAP Data Hub

Machine Data Business Data
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SAP Predictive Engineering Insights Enabled by ANSYS

Maintenance Execution Systems

SAP PEI Enabled by ANSYS

Vibrational Visualize Structural
Analysis @ Behavior

*Machine Physics-based
Learning Models P Models

SAP Data Hub

Machine Data Business Data
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ANSYS Multi-physics Simulation Models

Fluid Dynamics
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Thank youl!

Contact information:

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