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Agenda

1

Short about ISO 10303 (STEP) Selection of the IoTsoftware. 

2
The Mountain Bike experiment 

3
Digital Twin Based Crane Monitoring
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Setting the scene

1

Large Manufacturer:

ά²Ŝ ŀǊŜ ŜȄǘǊŜƳŜƭȅ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ƛƳǇƭŜƳŜƴǘƛƴƎ Řŀǘŀ 
standards in order to capture and use meta-data 
across tools to enable discoverability, connectivity, 
and documentation. This is the type of 
implementation gap in our tools that is holding us 
back from fully realizing re-use and collaboration 
across our EnterpriseΦέ

IoTdeveloper:

77% of professionals 
believe that 
interoperability is the 
largest challenge facing the 
industrial internet (IoTNexus)

2
AI developer: 

Big data is so often improperly formatted, lacking 
ƳŜǘŀŘŀǘŀΣ ƻǊ άŘƛǊǘȅΣέ ƳŜŀƴƛƴƎ ƛƴŎƻƳǇƭŜǘŜΣ 
incorrect, or inconsistent, that data scientists 
typically spend 80 percent of their time on 
cleaning and preparing data to make it usable, 
leaving them with just 20 percent of their time to 
focus on actually using data for analysis. 
(datainnovation.org)

3
The challenges of the Information Age:

ǒInteroperability of information technology, 
addressed by data exchange & sharing solutions 

ǒObsolescence of information technology, 
addressed by data archiving solutions

ǒFreedom from vendor lock-in, addressed by open 
data solutions
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The ISO 10303 Standard

1994: CAD

AP203

1999: PLM

AP214

2005: ILS

AP239

2014: CAE

AP242/209

Historyof STEP
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Content of ISO 10303-242/209
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ISO 10303 ςAP209

Using AP209 for Simulation and structural test data

Design CAD

Analysis FEM

Manufacturing

Sensor data

Some related SW
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ÅPart of PhD study:

Å Investigate the use of AP209 to handle 
{ǘǊǳŎǘǳǊŀƭ ǘŜǎǘ Řŀǘŀ ŀƴŘ ƛǘΩǎ ǊŜƭŀǘƛƻƴǎ ǘƻ 
Simulation data.

ÅPaper in Advances in Engineering Software: 
https://www.sciencedirect.com/science/ar
ticle/pii/S0965997818301947

PhD and project with Lockheed Martin (Crystal Project):
Winglet prototype design by Lockheed Martin
Produced at NTNU
Analyzed (FEA)
Mounted sensors and set in test rig
FEA load cases tested physically
Design (CAD)             Ą AP209
Simulation data        Ą AP209
Structural Test data Ą AP209
All data managed in AP209 in WƻǘƴŜΩǎSDM tool (EDMopenSimDM) 

All traceability kept

ISO 10303 ςAP209

https://www.sciencedirect.com/science/article/pii/S0965997818301947
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EDMopenSimDM(Simulation Data Management)

ISO 10303 ςAP209

Correlation 
between 

simulations and 
testing



www.arrowhead.eu

Eclipse Arrowhead 

An integration platform for 
System of Systems solutions
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Value is shifting across the CPS value chain
Today value is concentrated at 75% upstream
By 2025, 2/3rd of the value will be captured downstream
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Eclipse Arrowhead addresses critical 
industrial requirements

Interoperability

Real time data

Scalability

Security

M2M business transaction

Solution engineering efficiency

Model based engineering

Open source software
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A comparison of IoT-SoS Architectures & Platforms

C. Paniagua and J. Delsing, "Industrial Frameworks for Internet of Things: 

A Survey," in IEEE Systems Journal, doi: 10.1109/JSYST.2020.2993323.
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Resources
Web

www.arrowhead.eu/arrowheadframework

Github

www.github.com/arrowhead-f

Book



Arrowhead

The Norwegian Experiment

Arrowhead + ISO 10303 = True
Solving CAD/PLM/BIM interoperability in AHT

TOOLS



The Bike Experiment

How to connect ISO 10303 (STEP)  to the 

Arrowhead IoT Framework? 

Å Jotne, now part of the Arrowhead Tools project, 

is new to all the capabilities available in the 

Arrowhead Framework software applications. 

Å We needed to have a flying start in to the 

understanding allowing us to have the best 

possible support for the Norwegian use case.

Å Everything should be made as simple as 

possible, but not simpler.

Å All data should be accessible from a ISO 

10303 repository

INTERNET

THINGS
OF



The Challenge

Sensor data in the cloud 
Sensor data in the ISO 10303 

cloud PLM repository



Expected integrations

CAD and PLM DATA

GATEWAY (Mobile) and CLOUD

.

INTEGRATION WORK

SENSOR DATA
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Complete ISO product repository

ÅMaintenance tasks and task break down

Drawings

3D CAD/CAE Models

Check visually the condition of the tire to identify any damage on it.

Performance



ISO standards used for PLM and ontologies

ÅISO 12006-3

ÅPart 3: Framework for object-
oriented information

ÅISO10303-242 - Managed model-
based 3D engineering

ÅFor CAD (P21) and PLM (BOXML) 
also as SysMLrepresentations

ÅISO 10303-239

ÅProduct data representation 
and exchange τPart 239: 
Application protocol: Product 
life cycle support

Data exchange



PLM using Arrowhead 4.1.3 



SYSML model for data exchange 
ISO 10303-242, implemented to the repository and also 
demonstrated for the Fischer Factory







ISO 10303 repository for the Factory 



Gateway and GPS



Sensor node



First we needed create the sensor data model (1)



What we did (2) ςAHT Producer, Consumer



What we did (3)

ÅCreated the services to connect sensor data to the ISO 10303 repository.
Åhttps://trueplm.j-spb.com/EDMtruePLM/swagger.html

https://trueplm.j-spb.com/EDMtruePLM/swagger.html


Spin-off / New IoT / DT course at NTNU 

The planned course curriculum is:



Spin-off / New IoT / DT course at NTNU 

A Digital Twin will be used in structural monitoring:



Digital Twin Based Crane Monitoring

Digital Twin: As simulated In Operation 

by Professor Terje Rølvåg, terje.rolvag@ntnu.no, +47 40065114



Palfinger Crane Monitoring

Based on a validated FEDEM Digital Twin (DT) model



Digital Twin FEA technology

Our Digital Twin models are simulated real time in FEDEM:



Digital Twin FEA technology

Our Digital Twin models are simulated real time in FEDEM:

Mesh too dense

to be shown

(3.6 mill DOFs)

ÁCAE 
Á3D modelling / idealization
ÁJoint / spring / damper / sensor modelling
ÁSubstructuring ( 25 super elements)
ÁMeshing

ÁDynamic simulation (nonlinear FEA)
ÁForces, Positions, Velocities and Accelerations

ÁStructural Analysis
ÁStresses / strains
ÁVibration frequencies
ÁDamage / durabillity

ÁControl / hydraulics
ÁPI / PD / PID Controllers 
ÁClosed loop dynamics



Palfinger DT Validation

Measured eigenfrequency at maximum extension (L=18m):

Close match 7.4 

versus 7.3 Hz


