/IAL’
\

Y/ 17 ),

Institute of Machine Components and Methods of Development

Application of the Arcadia Method on a Bulk Carrier
with Siemens Teamcenter PLM Integration

Capella Days Online 2024
by IME @TU Graz

(W:;?/» \
<=  ==CapellaDays

™
N\

4": : 7



Agenda
Introduction | Research at IME / /I7 E - >

Context | Decarbonization & Digitalization Institute of Machine Components
of the Maritime Industry and Methods of Development

Example | Bulk Carrier System Model
Integration Into Siemens Teamcenter

Summary | outlook




Agenda

; =
//77 C’)
Context | Decarbonization & Digitalization Institute of Machine Components
of the Maritime Industry and Methods of Development

Example | Bulk Carrier System Model
Integration Into Siemens Teamcenter

Summary | outlook




Introduction | Research at IME

Workshop Presenters

Mathias Dreier
BSc

= Master student at Graz University of
Technology

= University assistant at Institute of Machine
Components and Methods of Development

" Project engineer at ANTEMIA GmbH
= Experience in automotive industry

= Contact: mathias.dreier@tugraz.at

Restricted | © IME 2024 | Capella Days Online 2024 | Graz University of Technology

TU

Grazm

Matthias Bajzek
Dipl. Ing. Dr.-techn.

PhD researcher at Institute of Machine
Components and Methods of Development

Head of R&D and Product Development at
ANTEMIA GmbH

Experience in automotive industry, SE, MBSE

Contact: matthias.bajzek@tugraz.at

Institute of Machine Components and Methods of Development



Introduction | Research at IME TU

Institute of Machine Components and Methods of
Development (IME)

Hannes Hick
Univ-Prof. Dipl.-Ing. Dr.techn.
hannes.hick@tugraz.at

Matthias Bajzek
Dipl.-Ing. Dr.techn., BSc
matthias.bajzek@tugraz.at

Mathias Dreier
BSc
mathias.dreier@tugraz.at

Restricted | © IME 2024 | Capella Days Online 2024 | Graz University of Technology Institute of Machine Components and Methods of Development



Introduction | Research at IME TU

Institute of Machine Components and Methods of
Development (IME)

b S

Powertrain
Series Editor: Helmut List

Hannes Hick

Klaus Kiipper
Helfried Sorger Editors

Systems
Engineering
for Automotive
e 4 i & Powertrain

&

validation ;, . DEVE'Opment

udisap waisAs

@ Springer

integration g

g

Mech E/E SW ...

Electrics/electronics

Software

Restricted | © IME 2024 | Capella Days Online 2024 | Graz University of Technology Institute of Machine Components and Methods of Development



Introduction | Research at IME

Research at IME

Machine components Methods of development
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Context | Decarbonization & Digitalization of the Maritime Industry

The Maritime Industry

Container ship
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Source: International Council on Clean Transportation (2021). VISION 2050: A strategy to decarbonize the global

transport sector by mid-century
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Source: Cloutier, R. (2019). 2018 MBSE Survey Results. At: Proceedings of the 2019 INCOSE MBSE Workshop

Context | Decarbonization & Digitalization of the Maritime Industry TU

The MBSE Industry in Numbers
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Challenge of Marine Shipping
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Source: International Maritime Organization (IMO). (2023). 2023 IMO Strategy on Reduction of GHG Emissions from
Ships
Source: Comer, B., & Carvalho, F. (2023). IMO’s Newly Revised GHG Strategy: What It Means for Shipping and the Paris

Context | Decarbonization & Digitalization of the Maritime Industry TU
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Source: Hiekata et al. (2020). Systems analysis for deployment of internet of things (loT)

Context | Decarbonization & Digitalization of the Maritime Industry TU
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Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO, Reduction through
Wind-assisted Ship Propulsion

Context | Decarbonization & Digitalization of the Maritime Industry TU
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wind-assistance devices (WADs)
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Source: Det Norske Veritas (DNV). (2023). Energy Transition Outlook 2023 - Maritime Forecast to 2050

Context | Decarbonization & Digitalization of the Maritime Industry TU

Focus of the Case Study
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Source: : M/V Afros - The world's first rotor sail bulk carrier - Anemoi (anemoimarine.com)

Context | Decarbonization & Digitalization of the Maritime Industry TU

Bulk Carrier With Flettner Rotor Sails

Forward thrust
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Magnus effect!
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

Ship Development Process — Design Spiral

Y TU
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Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO, Reduction through
Wind-assisted Ship Propulsion

Example | Bulk Carrier System Model Integration Into Siemens Teamcenter TU
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter ﬂTU
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Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO, Reduction through
Wind-assisted Ship Propulsion

Example | Bulk Carrier System Model Integration Into Siemens Teamcenter TU
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter TU
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Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO, Reduction through
Wind-assisted Ship Propulsion

Example | Bulk Carrier System Model Integration Into Siemens Teamcenter TU
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter
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Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO, Reduction through
Wind-assisted Ship Propulsion

Example | Bulk Carrier System Model Integration Into Siemens Teamcenter TU
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter
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Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO, Reduction through
Wind-assisted Ship Propulsion

Example | Bulk Carrier System Model Integration Into Siemens Teamcenter TU
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter TU

Product Development With MBSE and PLM
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter TU
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SMW Architecture Workflow
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1. SMW architecture creation
= Operational analysis SYSTEM
= System analysis MODELING

= Logical architecture

= Physical architecture WORKBENCH

2. Architecture upload to Teamcenter

3. Review of architecture

4. Release of architecture

5. Requirements and test cases creation

= Creation of requirements and test cases in the maritime context

h
TEAMCENTER )?

6. Linking of system artifacts

= System architecture components linked with requirements and
test cases in Teamcenter
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

Requirements & Test Cases
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter TU
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter TU

Architecture in Teamcenter
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development using the
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= Realized by an
comprehensive PLM
approach

§o fa Iw 5N P

" Do not just “document”
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built!
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Summary | Outlook

Outlook

" International shipping must reduce its GHG
emissions (IMO 2023 strategy)

= Retrofit the existing fleet with GHG
reduction solutions e.g., WADs
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* New methodologies needed for developing
zero-emission vessels (ZEVs)

" Modernized development approach in ship
design with Arcadia and the V-model

= MBSE in the maritime industry is a must!
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