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Application of the ARCADIA Method
on a Bulk Carrier Vessel Equipped
with a Wind-assistance Device
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Source: International Council on Clean Transportation (2021). VISION 2050: A strategy to
decarbonize the global transport sector by mid-century

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

The MBSE industry in numbers

Rail
2%

1%

Global transportation
well-to-wheel CO,e
emissions in 2020

Bus
4%

Heavy-duty
vehicles
30%
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What about MBSE in
the maritime industry?

Represented Industries or Products
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40% 35.00%
30.00%
25.00%
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10.00%
5.00%
0.00%
Medical Automotive Aircraft ~ Space Systems Other Defense
Wﬁeilgrs Industries represented in the 2018 MBSE Survey
3%
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Challenge of marine shipping

On-time Decarbonization
VS. VS.
environment legislation
VS. VS.
market demands cost

Transportation of goods,
resources, passengers
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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 Agreement

2023 IMO GHG strategy

 Reduce the total annual
GHG emissions from WTW GHG emissions (Mt CO,e)
iInternational shipping

« 2050: Net-zero GHG

emissions
2008 BASELINE

2018 IMO
GHG Strategy

2023 IMO
No measures (= BAU) - GHG Strategy

. 2023 IMO
climate targets not reached! 2050 GHG Strategy

(striving)
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Source: Hiekata et al. (2020). Systems analysis for deployment of internet of things (loT)
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Low- and zero-emission alternative
fuels and propulsion technologies

Technical solutions

I Operational measures

control system wind-assistance solar power
. optimized routing and navigation devices (WADs)
. optimized cargo loading/unloadin
onboard CO, . sI%w steaming ° ° o
e ; energy-efficient vessel type
................ . wind resistance reduction
.................... T . highly efficient bow shape
waste heat
recovery power
generation

el -' - AR Er R @M aY
I AN =N ey

propulsion improving devices (PID)

. gate rudder 3 h|gh|y eﬁ|C|ent o
«  energy saving ducts % cargo handling low friction air lubrication
«  highly efficient propeller battery system paint system
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Source: Det Norske Veritas (DNV). (2023). Energy Transition Outlook 2023 - Maritime
Forecast to 2050

Focus of the case study

wind-assistance devices
(WADs)

s
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rotor sails

rigid wing
sails

suction wing
sails

]

WADs
soft wing wind
sails turbines
towing kite
sails
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Source: M/V Afros - The world's first rotor sail bulk carrier - Anemoi (anemoimarine.com)

Bulk carrier with Flettner rotor sails

Forward thrust
generated
through the
Magnus effect!
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Routing options

Near-port

Port \A/’
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The shipping route
needs to be optimized!
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Source: Hick, H., Bajzek, M., & Faustmann, C. (2019). Definition of a system model for
model-based development
Source: ISO/IEC/IEEE 24641:2023

Virtual means models (ideally)

system architecture model 23§
Capella/SMW ™
with ARCADIA
FEA structural strength model

FEA thermal model

control system model

M-CAD geometry model
DMU model

E-CAD model
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ARCADIA method for solution development

operational system logical physical
analysis analysis architecture architecture

\

[-¢
Sl O
mode and state «

diagrams

ela ‘\ﬂ YT
\‘/
capability diagrams . :
L_, : class diagrams
scenario diagrams breakdown diagrams
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Why ARCADIA & Capella/SMW?

* Tool with integrated method Going from the

» Steep learning curve need ...

4

* Made for architecting
— Architecture diagrams
— Combined views
— "Modeling experience’
— EXxcellent reuse
— And much more ...

... fo the
solution!

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS

15



Operational situation as-is
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System-to-be-defined

international Maritime - _ - /eather Data & Routing
et} — [ i tucinot i =0

[ stipping service

Perform Main Mission while Reducing GHG Emissions

Transport Goods from Origin to Destination
©

Use Low- & Zero-emission Alternative Fuels & Propulsion Technologiet
©

tional Windship
fon (IWSA)

Use Low- or Zero-emission Alternative Fuels

Use Wind-assistance Devices (WAD)
>© ? E ulk Carrier System
Use Solar Power
©
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<

4Government

2 Seafarer
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SE——- - —r—  EE——

e
(Shipowner)

Use Energy-saving Technologies

Use Waste Heat Recovery
<

P

Use Propulsion Improving Devices (PID)
C
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L : \

e

. -~ Trading Company.
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@Public
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©

. Marine Equipment
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Deriving the logical architecture

“Bulk Carrier System

©GHG Emissions Reduction Solutions

SEnvironment

<Athmosphere

“Maritime Topography

TOther SI

hip Systems

Logically integrate GHG
emissions reduction solutions!

Dowind force
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Reduction Sol

@ Current

“Hull System
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@ Use Optimized Routing &
5 javigation

Use Wind-assisted Ship
@ Propulsion (WASP) for
Auiliary Propulsion

© Use Highly Effcient Engine

Use Battery Electric
@ Propulsion for Hybrid
Propulsion

G Reduce Hydro- &
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mechanical
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) b9
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reduction
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mechanical

Damechanical power | | pg
power transfer
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Propulsion & Power Generation Systems | -
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The physical architecture of the bulk carrier

« Model and connect all
relevant subsystems &
functions

« Consider physical actors

 Define interfaces &
exchanges

The essential step for further
discipline development!
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The physical architecture of the bulk carrier

« Auxiliary propulsion
subsystem integrated
In bulk carrier system

e Structural,

e hierarchical, &

— ] functional view

Flettner Rotor Sail 2

Forward Thrust

presuue aeterence. g Preue

pesre e anoee | | og s DD pressure aterence | | DB Srrene,

The basis for
integration, V&V!
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Integration to PLM

» Link artifacts from different models Teamcenter &
& tools

* Defined workflows with underlying Parameter
methods

« Realized in the Digital Lifecycle Lab
by IME & ANTEMIA
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