,-4’4(44\
_— \“
- International Council on Systems Engineering

C A
I ‘ 05 E A better world through a systems approach
pr'/

)

Model-Based
Systems
Engineering for
Industrial Systems

e Gauthier FANMUY
e Saulius PAVALKIS
e Adel TAGHIYAR

+ Tarik KEBDANI r/F__X?;




= ﬁﬂm\ (—/_/—\

= - - Gauthier FANMUY
Ready for S h Ift? - A ~ Director CATIA Cyber Systems Industry

Process Expert
Helping Industry to understand the value of

Virtual Twin Experiences and Model-Based
Systems Engineering. Certified OMG UAF

Model user.

Saulius PAVALKIS,
PhD, ESEP

WW CATIA NO MAGIC - Cyber Industry
Consultant Senior Director
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Accelerate sustainable innovation

with Virtual Twin and 3D UNIVERSES
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« Software Solutions for Model-based Systems
Engineering, 3D Modeling & Simulation,
Product Lifecycle Management,

Collaboration and Data Science

* Created in 1981

* 6.2 b€ revenues (FY 2024, Non-IFRS)

« 22 500 Employees in 130+ countries

» 300 000 Enterprise Customers

* 45 million Users, 17 000 Partners (Technology,
Consulting, Sales, Integration & Services)

DASSAULT SYSTEMES | Company Overview

Deliver software solutions
supporting 12 industries

Transportation Rerospace
& Mobility & Defense

Marine Industrial
& Offshore Equipment

Home & Lifestule Engineering
& Construction

Collaborate with Industry Leaders
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nNcos: Evolution of complexity

System of systems
Mechatronics systems Populations of software-intensive

distributed systems interacting

Mechanical systems Multidisciplinary field that includes a combination of together in an unpredictable world

mechanical, electrical, control and software

Emergent
Behaviors!

T Industry 4.0
Industry 3.0 Smart factory. Autonomous
Industry 2.0 Automated production using deC|s'|on m'akmg, machlr?e
. . learning, big data analysis,
Mass production electronics, programmable logic . -
interoperability
assembly lines using controllers (PLC), IT systems and

electrical power robotics
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nNcos:Strategic motivation

e Supply chain disruptions
 Sustainability as a priority

* New technologies integration

* Late product development iterations

Cybersecurity threats

Who makes 787 parts:

CHINA — JAPAN

comeaxy: Chengdu Aircraft
Industrial Group

\Ruddev

COMPANY: Shenyang Aircraft

Group
Vertical fin
leading edge

COMPANY: Hafei Aviation
Industries

Wing to body
fairing panels

v

company: Kawasaki Heavy Industries
w\ Midfuselage 7
section
Fixed trailing edge /
e

B

COMPANY: Fuji Heavy Industries
Center “wing box"
@ fuselage section

COMPANY: Mitsubishi Heavy
Industries

Wing box

SOUTH KOREA

COMPANY: Korean Air

==, Wing tips 4

g
% Tail cone

AUSTRALIA

COMPANY; Boeing (Melbourne)

Movable /
trailing edges

e - &

COMPANY: Boeing

Vertical fin
{Frederickson, WA)

COMPANY: GE {Evendale, Ohio)

Inboard flaps

Reporting by DOMINIC GATES, Graphic by MARK NOWLIN / THE SEATTLE TIMES

COMPANY: United Technologies (Chula Vista, Calif.) %@ Nacelles

ENGLAND-

COMPANY; Safran

SWEDEN

COMPANY: Saab
. Aft cargo door
Forward cargo door
A

CANADA
COMPANY: Boeing (Winnipeg)
- Main landing gear

S Wing to body fairing
\§\ assembly k bNose tanding gear

N
0 2.3
Ny Aft pylon fairings COMPANY: Rolls-Royce

P

*SQ Wing to body -_ :
fairings " _‘ Engines Y
<> Main landing
gear doors (body) ——

v Main landing
] gear doors (wing) ‘

FINAL ASSEMBLY: - 7 ITALY
Everette FRANCE - 3 COMPANY: Leonardo
COMPANY: Latecoere | i Horlzqmal
UNITED STATES  fiNAL o AR passeniger (W stabillzer

e
coMPANY: Spirit AeroSystems I'A':S"!:h g'::llﬁ(on dooes

— Forward passenger Midfuselage
{Né:(mel (;:Icr:o:an 7 . doors .'n\ %&lons
\\ Engine pylons (Wichita) // N
.. Parts made by Boeing:
= Vertical fin

Fixed leading edges (Tulsa, Okla.) ¢ /
o = =/

Movable leading edges {Tulsa) f \ Y St
e \ = Horizontal stablllzerﬁ«
= __ Aft fuselage sections i - Rea( fuselage 2
>~ (North Charleston, 5.C.) A \ &, sections
Horizontal stabilizer 4
(Solt Lake City, Utah)

Critical investments: ~70% of a system lifecycle cost




st Holistic system approach in a digital thread

in context of

«systems

Organization System «systemms
Transportation System

Lifecycle
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Ncos: Systems in a digital thread
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ncost Industrial Systems MBSE Co-engineering & Trade-offs

Organization/Program

Multiple trade-offs impacts Decision for program performance, cost & delay
across systems require

concurrent & iterative

engineering in a digital thread Level O

Industrial Network
Decision for Manufacturing sites and logistics strategy

Aircraft SOl

Decision for cross-disciplines solution optimization

Level 1

Factory

Decision for assembly lines strategy

Aircraft ATA

Decision for subsystem solution optimization . c Level 2

Assembly line

Section
. . . = s 4 Decision for assembly station processes
Decision for section design optimization > LEVEI 3 optimization
Component Machine

Decision for component design optimization Decision for system design optimization and V&V



ncoseIndustrial Network System

Decision for Manufacturing sites and logistics strategy

MN101 industrial system v23 (1).mdzip [ s\fov\Dow - g *
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Level 1

Level 2

Level 3

Level 4

ncost Final Assembly Line System

Decision for assembly lines strategy
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nNcos: Robot System

Level 1

: ErLéveIZ

Decision for system design optimization and V&V




Ncos: Take aways e

>§o
g&xg Integrated Industrial Systems MBSE approach in a digital thread Product Systems

Early-stage simulation-driven trade-off analysis

@ Informed decision-making and impact analysis regarding change from product systems to industrial

LD& systems and vice-versa
eey  Set the right requirements for suppliers from the beginning

@ Progressive industrial systems validation in parallel with product systems maturity increase
0



Ncos: Meet Dassault Systemes Team at 1S2025!

Sy,

G186 517

SYUSTEMES

D7S DASSAULT

Booth 709-711
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1.1.1 | Mon |10:00|10:40| Presentation Case Studies for Querying the Model - SysML V2
1.1.3 | Mon |11:30|12:10| Paper 185 Exploring the Use of $ysMLv2 fgr Sqlutlon Architecture Development
with the MagicGrid Framework
2.4.1| Mon (13:30{14:10| Paper 340 Systems Engineering with Attitude
2.4.2 | Mon |14:15|14:55| Presentation Taming the Beast: Best Practices of Extending SysML V2
5.3.1| Tue |13:30[13:55| Paper26 Systematic Risk Analysis: FMEA anc.i FTA Approaches for Multi-
Level System Architectures
5.3.2| Tue |14:00(14:25| Paper 270 SysML4Sec — Methodology for Securlty mode!mg in ’Fhe context of
large-scale product development with multiple design levels
A System-of-Systems Modeling, Simulation and Data Analytics
5.3.3| Tue [14:30|14:55| Paper 147 Framework for Resilient Sustainment and Support Readiness
Strategies
6.5.3 | Tue [16:30|16:55| Paper 128 Model-Based Systems Engineering for Industrial Systems
7.2.1| Wed |10:00(10:40| Paper 361 A Transformative Process for Model-Based Design Reviews
8.1 | wed |13:30| 2:55 Panel Bridging the D|V|d_e_: Lir_lking Architectgral Specification and
Verification by System Simulation
9.1 | Wed |15:30(16:55|  Panel Cost Impacts of Generative Al in Systems Engineering Processes
9.5.2 | Wed |16:00|16:25| Paper 30 Navigating Innovation: MBSE Ad_optlon at Turkish Aerospace
Industries
9.5.3 | Wed |16:30|16:55| Presentation Configuration Manageme.nt Challenges in Multi-Team Collaboration
Using Linked Models
_ _ Integration of MBSE and Agile Development by Seamlessly Creating
1555 RIHERHECO ({20 INEE Test Plans from Model Simulations in SDV Development
N/A | Wed Virtual Exploration of MBSE Methodologies for Modeling Pre-Existing
Presentation Systems
N/A Poster Enterprise Transformation Planning with UAF

https://www.3ds.com/products/catia/systems-engineering
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