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

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



2

▪ Introduction | Research at IME

▪ Context | Decarbonization & Digitalization 
of the Maritime Industry

▪ Example | Bulk Carrier System Model 
Integration Into Siemens Teamcenter

▪ Summary | Outlook

Agenda

Institute of Machine Components 
and Methods of Development



3

▪ Introduction | Research at IME

▪ Context | Decarbonization & Digitalization 
of the Maritime Industry

▪ Example | Bulk Carrier System Model 
Integration Into Siemens Teamcenter

▪ Summary | Outlook

Agenda

Institute of Machine Components 
and Methods of Development



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

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

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

4



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

Institute of Machine Components and Methods of 
Development (IME)

5

Introduction | Research at 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



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

Institute of Machine Components and Methods of 
Development (IME)

6

Introduction | Research at IME

System 
integration

System 
verification 

& 
validation

System
 d

esign

Mech

Discipline

E/E SW …

…



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

Methods of development
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Research at IME
Machine components

Rotor bearings

Transmission

Differential

Stator
Rotor

Power electronics

E-motor housing

Systems engineering

Model-based systems engineering

Process and method modeling

Digital twin / digital master

Development platforms

Drive systems

Tribology (friction, lubrication, wear)

Fast rotating machines (bearings)

Component development

Condition monitoring
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The Maritime Industry
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Context | Decarbonization & Digitalization of the Maritime Industry

Light-duty 
vehicles

40%
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wheelers
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vehicles
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4%

Marine
11%

Aviation
10%

Rail
2%

Global transportation
well-to-wheel CO2e 
emissions in 2020

Source: International Council on Clean Transportation (2021). VISION 2050: A strategy to decarbonize the global 
transport sector by mid-century

Container ship

Wheat transport in bulk

Bulk carrier
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The MBSE Industry in Numbers
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Context | Decarbonization & Digitalization of the Maritime Industry

Industries represented in a 2018 MBSE Survey

Source: Cloutier, R. (2019). 2018 MBSE Survey Results. At: Proceedings of the 2019 INCOSE MBSE Workshop

What about MBSE in 
the maritime industry?
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Challenge of Marine Shipping
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Context | Decarbonization & Digitalization of the Maritime Industry

Transportation of goods, 
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▪ Reduce the total annual GHG 
emissions from international 
shipping

▪ 2050: Net-zero GHG emissions

2023 IMO GHG Strategy
13

Context | Decarbonization & Digitalization of the Maritime Industry

No measures (= BAU) →
climate targets not reached!

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 
Agreement



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

St
ak

eh
o

ld
er

 V
al

u
e 

N
et

w
o

rk

14

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

wind-assistance 
devices (WADs)

highly efficient 
cargo handling 

system
air lubrication 

system

solar 
power

battery

waste heat 
recovery power 

generation

highly efficient
engine and

alternative fuels

propulsion improving devices (PID)
▪ gate rudder
▪ energy saving ducts
▪ highly efficient propeller

low friction 
paint

control system
▪ optimized routing and navigation
▪ optimized cargo loading/unloading
▪ slow steaming

Low- and zero-emission alternative 
fuels and propulsion technologies 

Energy-saving technologies 

Operational measures

energy-efficient vessel type
▪ wind resistance reduction
▪ highly efficient bow shape

onboard CO2

capture

Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO2 Reduction through 
Wind-assisted Ship Propulsion
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Context | Decarbonization & Digitalization of the Maritime Industry

Focus of the Case Study

rigid wing 
sails

soft wing 
sails

soft 
sails

suction 
wing sails

wind-assistance devices (WADs)

wind 
turbines

towing 
kite sails

WADs

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

Bulk Carrier With Flettner Rotor Sails

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

17

Forward thrust 
generated 

through the 
Magnus effect!
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Ship Development Process – Design Spiral
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

Concept design

Preliminary design

Contract design

Detail design

mission 
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preliminary powering

lines and 
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capacities, trim, 
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damaged 
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cost 
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logical & physical 
architecture

mission & capabilities

SMW 
system 
model

SA

OA

LA

PA

Arcadia method

modeling & analysis

requirements 
engineering

architectural
design

detailed 
design

virtual integration,
verification &

validation

requirements product

processes – methods – organization – tools (PMOT) 

product lifecycle management (PLM)

MBSE With Arcadia/Capella
20

Example | Bulk Carrier System Model Integration Into Siemens Teamcenter
Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO2 Reduction through 
Wind-assisted Ship Propulsion

Integration of 
the Arcadia

method and the 
SMW system 

model into the 
V-model, PLM

and PMOT
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Operational Analysis
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

Operational 
analysis

System
analysis

Logical
architecture

Physical 
architecture

Operational actors, entities & capabilities
(Regulatory organizations & public Institutions)

IMO

Operational actors, entities & capabilities
(Private companies)

Context

regulation
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GHG reduction
Ship
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Ship regulation
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regulation
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Shipping 
Company

Port

money

ship & repair

ZEV 
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Cargo handling

Fuel cost & 
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money

equipment

… …

ZEV = Zero-emission vessel
IMO = International Maritime Organization

Marine 
Equipment 
Company

machine &
maintenancemoney

port & cargo
handling

money

classification
& surveys

classification
& surveys

classification
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Decarbonization

Legislation Cost
vs. vs.

On-time

Environment

Market demands

Transportation of 
goods, resources, 

passengers

Government Classification
Society

Shipbuilding
Company

*Not all artifacts shown
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Operational Analysis
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

Operational 
analysis

System
analysis

Logical
architecture

Physical 
architecture

Analyze the operational context & 
stakeholder interactions!

Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO2 Reduction through 
Wind-assisted Ship Propulsion

SMW Screenshot
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Bulk Carrier System

Carry out shipping service

Improve environmental & 
economic efficiency

Use optimized routing

System Analysis
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter
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*Not all artifacts shown
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>

SoI = System-of-Interest
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System Analysis
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

Operational 
analysis

System
analysis

Logical
architecture

Physical 
architecture

system

system

actors 

SMW Screenshot

Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO2 Reduction through 
Wind-assisted Ship Propulsion
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Propulsion & Power
Generation Systems

Logical Architecture
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

Bulk Carrier System

Other Ship Systems

GHG Emissions Reductions Solutions

Operational 
analysis

System
analysis

Logical
architecture

Physical 
architecture

Logical actors, functions, interfaces,
exchanges & SoI

*Not all artifacts shown

Shipping Company

Enable shipping
service

Provide shipping
service

Environment

Cause environmental
condition

Weather Data & 
Routing Provider

Provide optimized
routing

Use optimized
routing & navigation

Use wind-assisted
ship propulsion

Use zero-emission
fuels

Use energy-saving
technologies 

Provide power to
move in water

Transform electrical
to mechanical power 

Generate & store
electrical power

mechanical power

electrical power

real-time weather data
& optimized routing

>

>

combustion exhaust flow

optimized
routing

CO2

wind force

>

>

wind

mechanical power

>

>

mechanical power
transfer

chemical energy

>

zero-emission
fuel>

Provide facilities
for crew

Provide electrical
systems

Enable cargo storage
& handling

Enable non-mission
ship operation

Hull System

Provide buoyancy &
structural integrity
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Logical Architecture
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

SMW Screenshot

Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO2 Reduction through 
Wind-assisted Ship Propulsion

Logically integrate GHG emissions 
reduction solutions!

Operational 
analysis

System
analysis

Logical
architecture

Physical 
architecture
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Propulsion & Power Plant

Hybrid Drive Unit

Generator/Electric Motor

Transmission

Main Engine Propeller

Propeller
Shaft Clutch

Physical Architecture
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

Bulk Carrier with WAD

Main Electrical Power Supply

Operational 
analysis

System
analysis

Logical
architecture

Physical 
architecture

Physical actors, functions, interfaces,
exchanges & SoI

*Not all artifacts shown

Port

Load & unload 
cargo

Handle operational 
cargo management
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Weather Data & 
Routing Provider

Provide optimized
routing

Hull System

Provide buoyancy &
structural integrity

WAD = Wind-assistance device

Provide & distribute
electrical power

Bridge System

Control power
generation & propulsion

Navigate &
steer ship

Other Ship Systems
Cargo Storage

& Handling

Store & handle
cargo

Auxiliary Propulsion

Flettner Rotor

Generate Thrust

cables cablessignal transfer

cables

electrical power

real-time weather data
& optimized routing

wind force

combustion exhaust flow

>

>

cargo transfer

wind

>

>

>>

electrical power
transfer
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Physical Architecture
28

Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

SMW Screenshot

Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO2 Reduction through 
Wind-assisted Ship Propulsion

Operational 
analysis

System
analysis

Logical
architecture

Physical 
architecture

▪ Model and connect all relevant 
subsystems & functions

▪ Consider physical actors

▪ Define interfaces & exchanges

The essential step for further 
discipline development!
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Physical Architecture
29

Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

SMW Screenshot

Source: Dreier, M. (2024). MBSE in the Maritime Industry: Enabling Digital Transformation for CO2 Reduction through 
Wind-assisted Ship Propulsion

Operational 
analysis

System
analysis

Logical
architecture

Physical 
architecture

The basis for 
integration, V&V!

▪ Auxiliary propulsion 
subsystem integrated in 
bulk carrier system

▪ Structural, hierarchical, 
& functional view
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Product Development With MBSE and PLM
30

Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

PLM
with Teamcenter

Data 
management

Workflows

Roles & 
permissions

E/E circuit design Coding

Requirements and test 
engineering

Mechanical design and 
modeling Virtual verification

System architecting with SMW

Knowledge share
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SMW Architecture Workflow
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

1. SMW architecture creation

▪Operational analysis

▪ System analysis

▪ Logical architecture

▪Physical architecture

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

6. Linking of system artifacts

▪ System architecture components linked with requirements and 
test cases in Teamcenter

TEAMCENTER

SYSTEM
MODELING
WORKBENCH
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Requirements & Test Cases
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

Teamcenter 
Screenshot

Create your RQs
and test cases 
and link them 
with system 

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

Teamcenter 
Screenshot

Manage your 
artifacts 

traceability in 
Teamcenter!

physical 
components

physical functions

requirement

test case
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Architecture in Teamcenter
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Example | Bulk Carrier System Model Integration Into Siemens Teamcenter

▪ Bringing the disciplines 
together early in 
development using the 
system architecture

▪ Realized by an 
comprehensive PLM 
approach

▪ Do not just “document” 
what has already been 
built! 

Teamcenter 
Screenshot
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▪ International shipping must reduce its GHG 
emissions (IMO 2023 strategy)

▪ Retrofit the existing fleet with GHG 
reduction solutions e.g., WADs

▪ 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!

Outlook
Summary | Outlook

36
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Your Contact:

Thank you!

mathias.dreier@tugraz.at
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