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Monitoring von Rotorblattern von Windenergieanlagen

- Windenergie wesentlich flr das Erreichen der Netto-Null-Zielen.

GLOBAL Bt o

182%
REPORT x 1 ] 7

COUNTRIES
BUILT NEW
WIND POWER
IN 2023
TOTAL e

NEW INSTALLATIONS

1IN 2023

) BY 2030

- Rotorblatter werden immer grosser und flexibler - aerodynamisches Verhalten messen und
uberwachen.
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Digitale Zwillinge (DTs) fur Windenergie

Digital TwinConceptualModal

- Vielversprechende fur die Wertschopfung aus der — DigialTuingyeten
Uberwachung von Windenergieanlagen! s
« Unser Klassifizierungssystem: T Comectiontyeies
Supervisory: Daten werden aufgenommen und gespeichert | PhysicalsystesLifetineStageType
. Operational: Daten werden ausgewertet t::ﬂ:um
- Simulation-prediction: Messungen werden mit Simulationen — ComnectionSystemkutonationType
und Modellen erganzt |—r|>-'-_smmde1
Intelligent-learning: Systeme zur Entscheidungsunterstitzung |__D_._gm]_ﬂ,in
- Autonomous-management: autonome Anlagensteuerung T m——
I 1 1 H H H . |_ rationalDigitalTwin
- Die meisten bisherigen Windenergieanwendungen sind [
,Operational* oder ,Simulation-prediction*. R
. . . s . . . |_ AutonomousManagementDigital Twin
- Keine Windenergie-Veroffentlichungen uber DT-Architektur!
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DaS Ae rosense-syStem Autonome Erfassung der aerodynamischen Profile an Rotorblattern
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Auslegung des Aerosense-DTs

1. Anwendungsfalle definieren
2. DT klassifizieren
3. Konzeptuelles Modell definieren

4. Teilsysteme auslegen
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1. Anwendungsfalle definieren

- Anwendungsfalle definiert durch Design Thinking.

«User Stories» = «Foundational use case» = «Aerodynamische Modelle verbessern»

Beneficiary

Value added

Required output

1. OEM measurement &

data science teams

la. Allow initial data inspection and download of measurement

data for further analysis or comparison by the customer

la. Corrected and calibrated time series
data for each sensor, classified based on
operating conditions, available on a dash-

board.

Beneficiary

Value added

Required output

1b. Allow detailed analyses such as extracting data and plotting
pressure distributions to be carried out based on the time series
and averaged data according to the needs of the customer or
partner, without having to write a new code that works with the

downloaded data.

Ib. Colab notebook for analysis of time

series and averaged data.

2. OEM aerodynamic mod-

elling teams

2a. Enable data exploration for improved understanding of the

aerodynamic behaviour.

2a. Pressure coefficient distribution plots
for specific time instances available on a

dashboard.

2b. Enable pressure distributions to be plotted, examined and

compared.

2b. Installed sensor placement obtained
via photogrammetry available through an

API and accessible via a Colab notebook.

2c. Enable direct comparisons with data from the customer, eg

measured or simulated 2D pressure coefficient distributions.

2¢. Phase-averaged pressure and pressure
coefficient distributions at different oper-
ating conditions available in a Colab note-

book.

2d. Enable inference of the angle of attack at the sensor loca-
tion, which allows measured pressure distributions to be com-
pared with measured or simulated 2D pressure distributions at

different angles of attack.

2d. Aerofoil inflow inference model with
uncertainty quantification available in a

Colab notebook.

2e. Allow direct comparison of observed pressure distributions
with 2D simulation results, leading to an improved understand-
ing of the aerodynamic behaviour of the wind turbine in the
field, validation of the fundamental assumptions adopted during
modelling, as well as to recommendations for the improvement

of aerodynamic models.

2e. Simulated vs. measured phase-

averaged  pressure  distributions  at
different angles of attack available in a

Colab notebook.




2. DT klassifizieren

Digital TwinConceptualModal
|— Digital TwinSystem

|— PhysicalSystem
— DigitalSystem

L — ConnectionSystem

L — DigitalTwinType

— PhysicalSystemlifetimeStageType

Digital TwinPrototype

DigtialTwinInstance

Es soll mit einem bestehenden Exemplar einer Windenergieanlage gearbeitet werden

|— Connectia 1cnType

|_Digita.1]'[|:|de
@ Es gibt eine einseitige automatische Verbindung vom physischen zum digitalen System

L DigitalTwin

L SystemFunctionalityType
|_ SupervisoryDigitalTwin
L operasonmipsgsraross Der Umfang der Ergebnisse des Anwendungsfalls umfasst Simulations- und
Vorhersageanwendungen, die betriebliche und Uberwachende Aspekte wie die
InellepemiearmingbigitalTein ViSUAlISiErung des Systemzustands einbeziehen

|_ AutonomousManagementDigital Twin
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3. Konzeptuelles Modell definieren

Physisches System, digitales System und Verbindungssystem:

Extemnal sensors
e.g. from SCADA

SENSOR NODE BASE STATION CLOUD INFRASTRUCURE

1 1
[ 1 ! I
| 'L
! |l 4 ) ( Data N :
| 1 1
| I 1 | [ File storage ] :
| +| Blustooth receier ] 1 |
1 40 absolute 1| [ Biguery ] I
I | pressue sensors AL I\- J "
1 . 1 APIJ Wrappers I
| 10 acoustic }_ | .
L : I 4 Services A :
| 5 difierential Diata processaor and Data galaeway 1 1 Data processing. | "
| PrESSUNE Sensors N transmitter I | I Colab notebooks I
| L
inverse problem |
| Azcelerometer |— ! l\__ J sSohErs |
| 1 1 Forward problem
Gyroscope |— |
1 ﬂ‘tlﬂﬂ‘.’:{*ﬂ'lﬂ Tenmaﬂle. | I M DdEIS e SCNErs |
| pressure sensor sensor (. |
| | : [ Blade Diashbicards I
| | "
| 1 ! \. S |
| L

PHYSICAL CONNECTION DIGITAL
SYSTEM SYSTEM SYSTEM




4. Auslegung der Teilsysteme

- «Applied category theory collaboration design»: multidisziplinarer Ansatz, der die Prinzipien
der Kategorientheorie nutzt, um die Zusammenarbeit und die Designprozesse in
verschiedenen Bereichen zu verbessern.

- FUr das Gesamtsystem:

Funktionalitaten ~ Ressourcen
Flexibilty @ Durability & | Aerosense system

Adhesion ¢ Water resistance

--------- FREJEFERT===7

Sensornode(s) = L__ _ _ ____._ - Node size_ _ _ _ _
gl - - [Nstallation time _ _

Q T Hardware cost
—— - I - + ——————————
I
Sensar data !

I

- I

Node{sj. ds?ta throughput : |

Transmission range y !

I

I

) Base station ' :

Base station placement e &

]
<] 1
Sensor data r")'
I
I

Base station data throughput

Dashboard and Colab

notebook funclionalities :

Cloud Infrastructure and |g = _ _ L. - - Qnealona cost _ _ __ __
Long-term data storage Digital System  fpe - - oo ~ _ _ | External data and Physical _
Twin synchronisation time p -rsystem properties

A
I E T Institut flir 0 S T
10 Legend: ® cross-product between posets, (E)natural sum, (=) less-than-or-equal relation in posets Energistachnik

Ostschweizer
Fachhochschule



Beispiel: fur das digitale System

s ™
Cloud Infrastructure and Digital System
1
l Data throughput
Data o Management - PSS sseesss
9
_ lo— - Qperationalcost _ _ _ _ _ __
Physical system measurements
Dashboards and Colab
notebooks functionalities @ Compute
services G’ Crehestration Cloud
Twin synchronisation time m Infrastructure
Physical system models
3 Management
Models ==
I L .
Long-term data storage R —— _Physical system properties
b -
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Ergebnis

Software- und Hardware-Losungen fur ein produktionsreifes Datensystem mit BiQuery und

einem Lakehouse fur die Erfassung von aerodynamischen Daten - Open Source.

Tier 0 - Data ingress

() Gateway API
Cloud Functions
(- Gateway batch

ingress
Cloud Functions

Authentication
1AM

Pre-processin
@ Periodic triggers servlijc es 9
scheduler T »
= ’ Cloud Run
v
w={  on-demand raw queries s
Jupyter Jupyter
e  MNotebook g

12

Tier 1 - Raw data and settings
Configuration
B Q settings

BigQuery

Baros, diff baros and
other sensor data
BigQuery

Microphene file
records
BigQuery

=1 Microphone files
=1 cloud Storage

Tier 2 - Post-processed and
restructured data

Tier 3 - Analytics outputs

Materialized views
BigQuery

Post-processed
sensor data
BigQuery

v

Analysis services
Cloud Run

On-demand analyses
Notebook

..............

Analytics

— @ results

BigQuery

¥

Results and timeseries
@ visualisation
Dashboard

Ancillary Services

=

Cloud
Logging

Error
Reporting

Cloud Billing
API

Artifact
Registry

Pub/Sub

Workflow
Pipeline

Query

Data
Pipeline

Infrastructure
Boundary
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Demonstration eines Anwendungsfalls

- Aventa 6 kW Testanlage in Winterthur:

data processing
and transfer system|

solar panel |

differential
[IressLre Sensors

IET|
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Dashboard
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Colab notebooks

Vergleich von mehreren

Windenergieanlagen azimuth angle [°]
: 2m (up)

Detaillierte Analysen
ohne neuen Code

T
mmm X Foil, @ = 4°, V; = 19ms~! ]
' XFoil, @ = 6°, V, = 20ms~1
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—200
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X [m]

Phasengemittelte Druck- und Vergleich mit Simulationen

Druckkoeffizientenverteilungen

Direkte Vergleiche mit Daten —_—
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Konklusionen

- Der digitale Zwilling fur das Aerosense-System uberwacht die Aerodynamik der Rotorblatter.

- Der digitale Zwilling hat ,Simulation/Prediction“-Funktionalitat, ,Digital Shadow"-Konnektivitat
und deckt die ,Instance®-Phase ab.

- LApplied Category Theory“ wurde fur das Design genutzt, um Funktionalitaten und
interdisziplinare Herausforderungen zu bewaltigen.

- Technologielosungen bieten ein Datensystem fur Rotorblattdaten, Cloud-Einbindung und
Lakehouse-Zugriff.

- Software- und Hardware-Losungen sind als Open Source mit Dokumentation veroffentlicht.

- Der digitale Zwilling von Aerosense uberwacht Windenergieanlagen, erfasst Blattsensordaten
und erganzt sie durch Simulationen.
ETIes.. (Oost



https://rtdt.ai/aerosense

sarah.barber@ost.ch

m RTDT Products Research Team News Contact f Aerosense Video:

Aerosense

Rapid, multilocational and cost-effective aerodynamic,
vibrational and acoustic data capture on turbine blades
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