Digital engineering for a resource efificient and clrcular incustry



Note: MODPROD News 2021 »

« teamed-up with ICES,

the Innovative Centre for Embedded Systems,
KTH, Stockholm

* in future two MODPROD venues:
— Linkdping _
_ Stockholm www.ices.kth.se

 attract a wider audience, giving MODPROD a slightly different
focus each time (more software/embedded, more
hardware/mechanical engineering)

MODPROD


http://www.ices.kth.se/




This Year is Diffarent..

So we had to adapt as well:

« Teaming up

« meeting online

 missing all the coffee breaks,
small-talk, interactions,
hands-on, discussions,
exhibitions, social
event/visits etc.!

« Let’s make the best of it!

MODPROD



THE MODPROD VISION

A World In Motion...

» Need for fast, interactive, adaptable & upgradable
holistic models

— including (individuals’) behaviour
— addressing emergent behaviour

— requiring new, just-in-time solutions, outside
the SOTA

— change & innovation
— S0S engineering

— Extended use of Al and means of automation
(Industry 4.0)

o Still in the focus: Environmental / Sustainable
Society - Circular Economy!

MODPROD



The OpenModelica Effort

« Comprehensive modeling, simulation and systems
engineering environment for research, teaching, and
iIndustrial usage

 Open-source for both industrial and academic usage

 Invitation for open-source cooperation around
OpenModelica, tools, and applications

* Increased emphasis on industrial usage

OpenModelica Annual Workshop, OpenModelica Status and Directions MmopoE'Lr ca



Current Main Industrial OpenModelica Usage
(not including research usage)

« ABB OPTIMAX — Process control, generating code controlling almost
10% of German power production

 DHI, OEM usage of OM compiler frontend in DHI product

« Bosch-Rexroth, in-house product usage for Modelica model import and
simulation

« EDF — ThermoSysPro Library and Applications
» Politecnico di Milano — Innovative sCO2 cycle power plants models

« Politecnico di Milano — National gas distribution network simulation
and optimization

« ABB - fluid sub-model of a district heating plant is running in production
 Modelicon — Model-based Control of UAVs and Robots

OpenModelica Annual Workshop, OpenModelica Status and Directions
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The OpenModelica Open Source Environment
www.openmodelica.org

* Advanced Interactive Modelica compiler (OMC) - OMEdit graphic Editor
« Supports most of the Modelica Language « OMDebugger for equations
« Modelica, Python, Julia, and Matlab scripting * OMOptim optimization tool

«  OMSimulator — FMI Simulation/Co-simulation * OM Dynamic optimizer collocation
» ModelicaML UML Profile

 Basic environment for creating models . MetaModelica extension
*  OMShell —an interactive command handler « ParModelica extension
+  OMNotebook — a literate programming notebook
« MDT - an advanced textual environment in Eclipse

Copyright © Open Source Modelica Consortium 8 M o0 p” Ef LI'CA


http://www.ida.liu.se/~adrpo/mdt/mdt-0.6.8.1/MDT-0.6.8.1-ClassElementsCompletion.JPG

Some Supporting Research Projects 2020
(2021)

« PARADOM, German national project including ABB, Bosch-Rexroth,
Siemens AG,TU Dresden, FHBielefeld. Ended 2020.

« PHyMoS - Proper Hybrid Models for Smarter Vehicles. German national
project including Bosch, LTX, XRG, TLK, ESI ITI GmbH, Modelon, TU
Braunschweig, Universitat Augsburg, FH Bielefeld. Starts 2021

« |ITEA3 project EMPHYSIS, 2018-2021

« Swedish project EMISYS, 2019 — 2021
« Swedish project LargeDyn, 2019 — 2022
« ITEA3 project EMBRACE, 2019-2022

« EU project HUBCAP, 2020-2022

OpenModelica Annual Workshop, OpenModelica Status and Directions MmopoE'Lr ca



Conclusions and Summary 2020/Febr 2021

* Oct 24, 2020. OpenModelica 1.16.0
* Dec 21, 2020. OpenModelica 1.16.2
* February, 2020. OpenModelica 1.17.0
« 2021. Good prospects for the future

 Towards a standard high performance, quality, compliant
open source Modelica implementation in Modelica,
increased tool support for integrated systems engineering.

« Expected OpenModelica 1.18.0 and 2.0.0 (?) in 2021

Questions?

www.openmodelica.org
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The
Fluid and Mechatronic Systems (FLUMES)
part of MODPROD

Department of
Management and
Engineering (IEl)

by Petter Krus,
Ingo Staack &
Robert Braun

Ongoing Research 2020/21



MODPROD 2021: Research at FLUMES

Flumes Overview

Aircraft design
Onboard systems

Subscale flight
testing

pbile system

asurement a
ontrol systems

oise and vibrations

Sensor systems

Aircraft Systems Fluid Power Mechatronic
Jraulic system a Systems
e 2L Embedded systems

a )
Modelling and simulation Systems Engineering
Mechatronics Design analysis and optimisation
- /
vz MODPRGCD



MODPROD 2021: Research at FLUMES

Ongoing Topics / Research Domains

« High-performance CPS simulation
In-house HOPSAN tool further refinements & model library validation

« So0S Engineering and behavior modelling

« Systems architecture design

« Subscale flight testing (for model verification & validation)

« Actuator Technologies (technology shift, innovative approaches)

Ilo LINKOPING MODPRGD

UNIVERSITY



MODPROD 2021: Research at FLUMES

System simulation, Hopsan

* Real-time Simulation (RTS), and Faster than Real
Time Simulation (FRTS) Technologies

— Distributed modeling

— Parallelization of simulation models for multi-
core processors

— Hardware in the loop simulation
« Using bilateral delay line (transmission line

modelling, TLM) for model partitioning

The aircraft attitudes
during an S-maneuver.

Angular position and
reference position of the
rudder actuator

II LINKOPING
[ UNIVERSITY

MODPRGOD



MODPROD 2021: Research at FLUMES

-
-
-
-
-

Hopsan

* Open-source
* Pre-compiled components
« Connectivity:

— FMI-support (import-export), Matlab il [ Fluent _ _ _ fopsan
S-function export. T :

« Build-in, Frequency analysis, Optimization etc Ll !

« Used by Epiroc (former Atlas Copco) and
many SME, Used extensively in our courses.

« Statemachine library for hydbrid system
simulation.

« also library for Grafcet

v MODPRCD




MODPROD 2021: Research at FLUMES

Modellering & Simulering

model-based design

workflow-driven design
processes

contribution to industrial
standards and best practices

model-based optimisation &
machine learning

just started: ITEA 3 project
DEAFAINE

O

LINKOPING
UNIVERSITY

MODPRGOD



MODPROD 2021: Research at FLUMES ¥ ? k

System of System (SoS) Engineering

« application-driven strategy, setup
and vehicle design

« multi-modal epoch/scenario
analysis for robust design

« system life cycle management:
adaptability, replacement, system
upgrades and replacement

« Ongoing projects:

— Search & Rescue Missions
(SAR)

— Wildfire Spotting and Fire
Fighting

Measure of Effectiveness

v MODPRGD



MODPROD 2021: Research at FLUMES

Subscale Flight Testing

v MODPRCD



Some Industrial
Partners and
Applications

Hiab, Sunfab etc

Aircaft
Saab AB

Construction
Machines
Volvo CE

Rock drills
Epiroc
(formerly Atlas
Copco)

II LINKOPING
[ UNIVERSITY

MODPRGOD



The ICES Centre

INDUSTRY NETWORK # INNOVATION HUB




The Guiding Vision

To achieve a prospering eco-system for industry and academia
within software intensive embedded and cyber-physical

systems. With a mission to catalyze world class business

creation, education, research and innovation with a local and
European dimension.



Quick Facts

Founded in 2008 by KTH and 6
Industrial Partners

A KTH Competence Centre
Official DIH HUB since 2019

Daily operation hosted by KTH
Mechatronics Division

25+ Industry Members

220 associated Students from 3
Programs

1 Yearly Conference

8 Industrial Competence Groups

25+ Annual Seminars

The Network in Short

The Core

Oriented around Embedded
Systems

An active player in the ecosystem

A meeting ground for Industry
and Academia

Strong focus on Professional
Education / The PECA Initiative

Skill provisioning / Student
Interaction

Involvement in Projects

Linking funding opportunities

Focus Areas
Al and Machine Learning
Autonomous Systems
Cyber Security
Embedded Realtime Systems
Interoperability
R&D Mangers
Safety
Testing




TECoSA: Trustworthy edge computing systems

and applications
- A KTH-based Vinnova competence center with industry, started March 26, 2020

Cloud
/_\Computing
Embedded nodes Internet /
Mobile
Network
Devices,
Physical World \_/

Edge nodes

www.tecosa.center.kth.se
Newsletter & Open seminars!

RESEARCH CHALLENGE: TRUSTWORTHINESS



http://www.tecosa.center.kth.se/

e Zoom links
* Zoom Room1 (main room): https://kth-se.zoom.us/j/62126053825
e Zoom Room2: https://kth-se.zoom.us/j/61254374041

* Q&A sessions
* Last 10 minutes dedicated to discuss your questions

* How do | direct questions to presenters?
S e S S I O n * Put any questions you want to direct to the presenters
* Monitored and discussed during the last 10 minutes
p * Zoom Chat
* For open discussions

* Put comments and have a dialogue among all attendees.
* May not be discussed during the Q&A sessions.



https://kth-se.zoom.us/j/62126053825
https://kth-se.zoom.us/j/61254374041

Warm Welcome to our Keynote Presenters!

Richard Romano

Model based
design of Auto-
mated Vehicles

Claes Nord

Factory of the future
Sandvik Coromant Gimo

Lisen Schultz

A Resilience
Perspective on
Sustainability
Transformations

MODPROD

Andreas Junghanns

FMI - Current

Challenges, Trends and

Developments




... as well as 22 of high-quality Presentations

... ahd 4 Tutorials!

MODPROD



The 15th MODPROD Work Shop, 3-4t February 2021
“Digital engineering for a resource efficient and circular industry”

Welcomel

..and let’s begin...



