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DASSAULT AVIATION

Context

SECLIN

ARGENTEUIL / PROJET CERGY 2021
* Complex piping

* Forward fuselage assembly

* Equipped skin panels

* Rafale fuselage outfitting

BRruz (SoGITEC)
* Simulation

MERIGNAC

* Final assembly of Rafale & Falcon
Painting and Rafale delivery
Falcon interiors layout

Special mission aircraft
Pre-delivery runway & flight testing of production
aircraft

* Testand new technologies laboratories
Conception, industrialization, support
Functional and operational departments
+ (DFS) Falcon maintenance

.

MARTIGNAS
* Wing assembly BIARRITZ
* Flat products assembly

* Pyrotechnical operations

* Composites parts
* Fuselage sections
* Fuselage mating

Reno (DFJ)
* Service center | TETERBORO (DFJ)
* Falcon sales
* Spare parts
* Marketing

WiLminGTON (DFJ)
* Service center

LirTLe Rock (DFJ)

* Falcon interiors and painting (integration,
* development)

* Pre-delivery flights

* Falcon deliveries
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* Shaped and machined metallic parts

LE BOURGET
* Showroom, Falcon deliveries
* (DFS) Falcon maintenance and chartering

POITIERS

* Canopies (manufacturing, parts and repair)
* Loads

* Aerostructure repairs

ARGONAY
* Flight control systems (manufacturing, parts and repail
* Additive Layer Manufacturing (ALM)

ISTRES

* Runway & flight testing of development
* Test benches

* Aircraft renovation works

* Weapons testing (Cazaux)

New DeLHi (DASI)

* Headquarter

" NaGPUR (DRAL)
* Assembly Falcon 2000
& Rafale

Pune (DASI)

* Engineering center
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COMPLEXITY ?

IN SYSTEM ENGINEERING AND

Sub-
components
(Parts)

Tier 1
Partners

Total
Partners

1-2 million ~10-15 ~100-200

30,000-50,000

L Teeeeeenss

~40,000
10,000-15,000
3,000-30000

Managing Systems with many interconnected parts
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FOR SIMULATION EXPERTS

Electrical System = - | Distribution,

t =l H ol e o Ventilation,
= i
| ——| ECS,
£ Distribution T ¥ | . = BLEED,
L Selectivity t - § = 3 - AR R
© Generation = = e . . i - 1 E-nglnfs

LA

Landing Gears | _

. rete

Brakes
Dirav
Hydraulics

flag T4 L 4

Ability to
« simulate complex cyber-physical Systems

to get consistent results from multi-systems
(multi-partners)
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Context

COLLABORATIVE ENGINEERING WITH PARTNERS : CURRENT PROCESS

“Requirements”

HLTR, IRS ...
Partners (LTS ...

NOT CLASSIFIED

-
O
BTSN

“Specifications” SDTS ...
+ behavioral models often difficult to integrate

Many design loops between Aircraft Manufacturer and Partners
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Context

NOT CLASSIFIED
COLLABORATIVE ENGINEERING WITH PARTNERS : CURRENT PROCESS
“Requirements”
HLTR, IRS ... .
Partners (LTS ... * 25| Dassauit-Aviation
5;9 ;fuelfmm | = R =
o} — e Rt
Proposals (—\ = =S| _
k.) PPN
“Specifications” SDTS ... | ]| e ] | [ i
+ behavioral models often difficult to integrate = —
Asynchronous Elec 3 Elec 1 Recently : share of
development between l Fluid Fluid Architecture definition,
partners (n) (p) J’ populated by Partners
sometimes not consistent (based on SysML standard ...)
interfaces => use of i , _ . but
macro-Ports .. Meca Meca doesn’t solve Simulation issues
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VIRTUAL TWIN ? FOR COMPLEX SYSTEMS (SYSTEM MODELS ASKED TO PARTNERS) NOT CLASSIFIED

They asked a
model of the We don't
system, we know how

provided it they used
our models

Interconnection results

of models is ok, far from
reality

VIRTUAL TWIN

VIRTUAL TWIN
= B A

Sure that we
Models o could have
fail to ‘ done easily

simulate ' ' better ones
together

Don’t understand
what is within No means

their black box to debug we made
models

assumptions
71 16! Modelica & FMI Conference, Lucerne Switzerland, September 9, 2025
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Surrounding was

Nobody tell us
not well known,

about such
duty-cycle
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ROOTS : BUILD ABILITY TO ANALYZE AIRCRAFT VEHICLE SYSTEMS NOT CLASSIFIED

2006 DS acquires Dynasim (Dymola)} | 10/2017 DS acquires No Magic Covid Today
2008 Start of Dymola integration in 3DExp) i l
l Operational use : Neuron, Falcon F8X, F6X, F10X ... Rafale ...
2008 2009 ~2010 2011 2012 = 2013 A 2014 2015 _ 2016 .. | 2009 "2020 2021 2022 2023 2024 2025
; 4 i A AFI! ; ADS : : ! |
30 !noneital 34 ! 35 A [ﬁs I : 3.3 (,,y,,,,,,+m,, : ! | | ARFNET | AAFNETi 1 AAFNET - UCODS A AFISIA
i ; : - — : - ANAFEMS : ADS Enovia ANAFEMS, A NAFEMS. DS MBSE 4
; ety mbdeclisar,  Modelica conference 2011 (www.modelica.org): I
! Y P "Modelmg of System Properties ina Modellca I

. i Modelica conference 2012 Munlch 7-8 sept 2#1
i | LY W "Collaboratrve complex system ddsign apphed to an aircraft sy em"

Frqmework' I

\(libraries, baélis for multi-pllﬁysics .FM! ’

I

|

| AEntretiens Toulouse| AINCOSE |
i | i
| | ! i
| | ! i

1mr _MI.WF,IIV.IICADOT T r

i Dlg!ital Twin I / DlagnJ>st|cs I

/7 i i i JEB8 | cciven
' Modelica [models for préliminary deslgns, electrici¥ thermal of éabin ...) i

www.modelica.org T — i i - Modelica 2015 (!Versailles, 21-23'Sept. 2015)
(Modelica Association) Mmi Mock-Up : « Towards Erlhanced Process dnd Tools for
Interface

|
www.fmi-standard.org : l I FP7 TOICA | Aircraft Systems Assessmentd during very
|

I

!

I 'y
i m'o d e ! Ica proceps and tools, ;urrogate mo#els decmqn support wews) J @ i
I ] | I [ I [
I

I

e _fz

1-—1Tl—lrl—l!—
I

: | beac EXCELAB
1

(project of Modelica Association) (collaboratlve system archltecture deslgn and seleqtlon) Eary Desj’g" Phasse”

T T T T

i | i ' Modelica 2015 «Formal Requirements
| (diagnosis, h&brid system, !dysfunctional, multi-core computations, formal requirements ...) e

Internal Works / Modelica-FMI and Dymola-Catia V6-Isight-3DExperience ... Cleansky2 MISSION
—————————————————————————— _Collaborative Process and tools / MIL-HIY ...

ITEA Eurosyslib : “European Leadership in System Modeling and Simulation through advanced Modelica Libraries” .
ITEA2 MODRIO :  “Model Driven Physical Systems Operation” Eng?alﬁgsa:gsa(rI:/T(!))ézei;ao?l\sl,lleSxy(szl\P/lf S¥Stems'

Systematic CSDL : “Complex System Design Lab ” » Tools (Dymola, 3DExperience ...)

FP7 TOICA : “Thermal Overall Integrated Concept of Aircraft” « People (Desiagners. Architects

CS2 MISSION : “Eco-Design for Systems” / “Modeling and Simulation Tools for Systems Integration on Aircraft” ple ( g ; )
DGAC ExceLab: “EXtended Collaborative Engineering LAB” DASSAULT

— — &
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COLLABORATIVE ENGINEERING WITH PARTNERS : NEW PROCESS IN TOICA/MODRIO ... NOT CLASSIFIED

QARBUS 4mc _onea () THALES Coners

Lzoouc P wsiRsema ‘3& ©ARBUS  umimRR .
* 1: Provides Models: Interfaces, Boundaries, Mission, Requirements within Studies e waumm gowsur @

Partners (LTS ...) * Dassault Aviation

i

N

MATA o SiemEns

Fuelfx}]gm

) = el Requirements
Englnes Requirements “;I “a I;g} Electrical | & Assumptions
Flght — 2l i

& Assumptions System oy S

= B ? = APU - Engines .| BTV
= o — [ w2 B
Alrfnﬂe #Q = |

>

{ Mission & Environment

—

o

=]

(Format : set of Dymola encrypted models) (Format : FMUs generated from Dymola —IP-, Embedded in Modelica interfaces

* 2: Provides sub-systems models (with the right level of details) compatible
with interfaces, tested within predefined environments and conditions,
and execution assumptions, using standards (Modelica, FMI, SysML ...)

New bi-directional agile and flexible Process for management of Collaborative Design ... by defining Study needs more formally
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Agenda

Conclusions and Outlooks
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NOT CLASSIFIED

STILL A BIG GAP BETWEEN SYSTEM AND SIMULATION WORLDS, AND ASSOCIATED TOOLS

Traditional MBSE System «world»

(UAF, SysML, UML, BPMN ... RFLP, MBSE ... ontology )

1. Structure

2. Behavior

T

3. Requirements

4. Parametrics

« Enhanced capabilities of System
modeling and queries

« Some simulations capabilities mainly
powered by UML behaviors (state
machines, activity diagrams ... ).
Parametric diagrams not suitable for
complex simulations

11 16t Modelica & FMI Conference, Lucerne Switzerland, September 9, 2025

o

&

Assessment-Simulation «world»

(Agents ... PDE, ODE, hybrid DAE ... Petrinets ... FE, FV ... MIL, SIL, HIL ...)

o BebRpsiasss

. ;
. Electrical System g e
T

£ Distribution
% Selectivity

 Generation

raking / Dirav Systems |

Brakes v
Dirav Bl

7 ‘
Landing Gears 555 y .‘ o
Hydraulics .

AA A Aa
Al

i Distribution,
Ventilation,
— ECS,

-.. | BLEED,

) e
Engines
-

« Enhanced capabilities for System modeling
and some capability to query results

» Powerful simulation capabilities of complex

cyber-physic systems
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PROPOSAL : BRIDGING THE GAP BETWEEN SYSTEM DESCRIPTION AND ANALYSIS NOT CLASSIFIED

(FROM FP7 TOICA -2013-2016 ...)
System Modeling World System Simulation/Analysis World

“Simulation

Framework”

ready to be
shared

©

Definition of Definition of a Populate with
PP — Sim.ulation Generation «Simulation models
Architecture: and Framework» (with IP
(1BD, BDD) Strong ; : updates = f
link Set of «Studies» : =Set o management)
{Systems, simulation

Definition of
Logical

n
qL, Operational views, Missions, “Studies”
E Requirements Requirements}
<
w
% Architects Designers (DA, DA Designers DA Designers / DA Designers
E / DA Designers with Suppliers) / Process & Tools Simulation Specialist / Process & Tools
(/ Process & Tools)
K] l Y : Y UML : Unified Modeli_ng Language
§ UML-SysML / Polarsys-Papyrus-Modelio => Cameo/Magic System  Modelica - FMI (Matlab Simulink ...) / Dymola SYsM- @ System Modeling Language
l Y J IBD : Internal Block Diagram
4 BDD : Block Diagram Definition
8 FP7 TOICA (2013-2016) Modelica : Modelica Language
ol FMI | : Functional Mock-Up Interface
= I
a
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PROPOSAL : BRIDGING THE GAP BETWEEN SYSTEM DESCRIPTION AND ANALYSIS,
WITH MSOSA V19 (FROM CLEANSKY 2 MISSION PROJECT -2017-2020)

Enablers

110

REpr
B0 o F
?} \“L: ‘ '1@%“ )/

WER

E

[ e

BEEEE
FITRErS

Integrate for analysis o‘ o ‘ Populate virtual Test-Cases

NOT CLASSIFIED
9
Clean Sky?2
MISSION

N/

% United Technologies {€) JSPACE

/) DASSAULT

////////

(7] 0o _ =7 Custom
FMU Generation « = TG O
[for HIL validation = e
dSPACE i I
EER
MAGIC SYSTEMV19 ¢
S N _
| pimRCAT
o ELEMEN
BY NAN“NG o

16,001 Req_Sys1_001

IBD of a “Test case” in SysML

Parsing and transformations to Modelica

SysML / Cameo

DYMOLA SCRIPTS
(> 100 ADDITIONAL FUNCTIONS)
TO PARSE, TRANSFORM ...
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NOT CLASSIFIED
EVOLUTIONS : SHIFT FROM MODELICA CENTRIC PROCESS TO SYSML DRIVEN PROCESS

System Modeling World Transform System Simulation & Analysis World
(based on SysML / UML) — (based on Modelica/ FMI/ SSP ...)

Activities Modeling (and several Analysis) Modeling and Simulation
Project Tools Standard Models Tools Standards Models
s

FP7TOICA/ Polarsys (=> Capella) 55?)?'2:;?\@2 -
LILVAIIODI SO popyrus (CEA-List) SysML 1.2 5 oaxﬂ e
(2013-2016) Modelio (OBEO) ... X NO Modelica 3.3 +
customized (DS)
FMI 2.0
Sol + Mission &
CS2 MISSION wsosavieos) ENRIRE Sol + Mission '\22232' Dymola 2018x + Git / anfigu::ilg: +
(2017-2020) y : (+ labelling) _, Bitbucket ... (oper) Req +
Behavioral
ExceLab MSP1 Sol + Mission Dymola 2018x + Git + models
(07/2021) (+ labelling + Manual 3DExperience 2018x Modelica 3.4 +
MSOSA V19 (DS) SysML 1.5 customization native (DS) FMI 2.0
from stereotypes — customized (oper
(DSL) F10X)
ExceLab MSP6 — Assisted
Sol + Mission & . .
(07/2024) EASO?ANZ GOIZ:EX (PS) sysML16  Configuration + . t;\l?tlve Al Dymola + 2"&?3"83 34+
custo Req + Data + DSL CEERICIRERIN  3DExperience 2020x :
- customized (oper :
ExceLab MSP8+ '(\gsé())f‘Ac 2000 2% | SysML16 | Sol + Mission & Assisted F10X) flodeica s
and DSL + Plugin (+v2.07?) | Configuration + Req customized 2020x (+ 2025x ?) B
9 + Data + Outputs — - :
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(7]
(]
=
e
(5
2
)
(@)

DASSAULT AVIATION - LTS USE CASE :

Prospects
& Need

Customers S

Trade criteria ﬁgﬁ —

Aircraft
System

.

o)

Collaborative Design, Management ...

/(>[ « Hoyens de Conception ransverses mulSystémes (svec modelspartnais) » J(}
B O 5
Aircraft System \-

Modelling

Design partners /| Equipment manufacturers
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Collaborative Design, Management, Reviews — Decision

R Operation

'J etex &

‘ Services
Industrial | __ ﬁgﬁ Trade criteria
System

t

Collaborative Design, Management ...

=
m\m\\“‘ i

e

NOT CLASSIFIED
EXCELAB (2020-2025)

Q. AN Financé par
“ I’'Union européenne
'P o NextGenerationEU
U\N

direction
générale

de 'Aviation
civile

—
I ”
DASSAULT ) DAHER
AIRBUS
LIEBHERR-AEROSPACE TOULOUSE STELIA\, !

—~

SKYDEA { b
e N/
CESAMES

ONERA

Use cases

within

EXCELAB:

EXtended

Collaborative
Engineering

LAB

=> Demonstration plateaus
every 6 months

Manufacturing System b \
Modelling B —W= 3 |
= &
—— ‘Iiiil
e,

Suppliers & Logistics

Target:

define a common Global method
to enable a more efficient
collaboration between Airframers
and Systems / Equipment
Designers ...
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DGAC EXCELAB DASSAULT AVIATION USE-CASES

Objectives

NOT CLASSIFIED

Collaborative uses cases :

1/ Internal collaboration within DAv (capability to make complex 3D
Simulation based on DMU, and to integrate it in System simulation)

Virtual Plateaus

* Début travaux
avec

2/ External collaboration with Design Partners

System
simulation

Modeling
(Modelica/FMI

Architecture ||}

with Dymola)

\ ©

LTS en Plateau
Virtuel (Echanges,
Tutoriel ...)

Air systems assessments (DA &> LTS)

aworld» sy reL)

3/ External collaboration with other Design Partners
Aerobatic Aircraft design : common use case

ditional MBSE System ]

AR

[

@

T

(DA & Airbus - DA & Daher)

Al (Wing Design)  ——

| 3 A12 (Wing Manuticturing) ~

LTS [F ot e [
Aetustordesign} [, T
L4

Daher (Fuselage Manutact) ..
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EXTERNAL COLLABORATION WITH DESIGN PARTNERS : DA < LTS (SYSTEM DESIGNER)

Enablers

CollabSpaces

Structural Aspect
(3DExperience)

Use of
Collaborative
Tools

Use of J
Standards

DA LTS X
] - HE Eard numl

Collaborative aspect
(3DExperience)

Architecture
Modeling

(Modelica/FMI

with Dymola)

gy ]
)

simulation | e =F

for Systems |~

Analyses

Modeling |

Platform &
Partner tools

Implemented with 3DExperience 2020X Oper
F10X with dedicated CollabSpaces ExcelLab)

System
Architecture (R L
)
Modeling

(SysML with
Magic System)
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System V19 and Dymola 2020X

Implemented with Magic System of

AVIATION
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(Physical and)
Virtual Plateaus
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NOT CLASSIFIED

COLLABORATIVE ENGINEERING WITH PARTNERS : DEFINING COMMON BIPARTITE STUDIES (GUI)

Enablers

Open a project from Teamwork Cloud

Select a server project to open, The Online Projects tab lists all server projects, the Offline Projects tab
lists server projects available on yaur machine. Working with affline projects does not require
authentication to a server. Offline server projects list may show outdated/incomplete data.

Online Projects | Offline Projects |

4Bl = 0B & \,“dvb
Archy

Name ~ Last modified Bra.
B[ NGWS

& [ NGFD
B0 0-EXCELAB_CUSTO 0

[ FX_Custornization_20... lundi 25 novembre 2024 10:18:12
[J 0_NGFD_CUSTO
[ 1-NGFD
B0 Excelab
[ DAModelicadSysML ... mercredi 6 novembre 2024 18:33:44 trunk
trunk

[ NGFD_AIB

Q Type here to filter projects

Open Cancel Help

T T i ]
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Containment 12 &
=l B Q o -
' -[2] Model ~

(cnbased

tec"“‘e

/} Relations

i+ [ 0-General

&0

T00_DGAC_EXCELAB

[ 01-CommonUseCase
[ 01-Requirements
£ 02-Architectures

Er » 03-MSP7_Analysis

- Studies_AerobaticAirplane

e Studies_AirSystemsDesign

S PPO21 _A_Integrated_Air_System_LIE

= B &

-~ Relations

[ SetOfRequirements_1_configuration
Study_001_configuration

[ Study_002_configuration

Study_001

=3 Study_002

,} Relations

[£5) study_ 0011

a Data_1

M| MissionConfiguration_1

M| MissionConfiguration_2
[2] Outputs_1

-

Plugin Studies Export initialized.

plo®

& PP035-A Thermal_and_Acoustic_Insulation_[| 3 5 Studies_AirSystemsDesign

# Studi Create Element: Fearch
B2 R

STUDY ANALYSIS

»

efinition Folder

& ) st r—
-, | Gene

E [A] Smart Package

E | B Attached File
N,

»

Lol Outputs_2
[2] Outputs_ 4
E+ "] SOR_1

s pp_021b_airdistributionsystem_001 : Test
""" S pp_021a_integratedairsystem_001 : Test ¢
[E=g data_1 : 0-General:: 100_DGAC_EXCELAB::(
[® sor_1:0-General:100_DGAC_EXCELAB:01
=g mission_1 : 0-General::100_DGAC_EXCELA
""" [B fluidport_p_minmax : DAModelica_323::In
= [Pl fluidport_p_minmax : DAModelica_323::In
""" [® sor_3 : 0-General:100_DGAC_EXCELAB:01
- (B mission_2 : 0-General: 100_DGAC_EXCELA
""" [B outputs_1 : 0-General: 100_DGAC_EXCELA!
-~ [Pl outputs_2 : 0-General:100_DGAC_EXCELA
""" [B outputs_4 : 0-General: 100_DGAC_EXCELA!

$| pp_049a_apu_001 : 0-General:100_DGAC
-8 Air System design - Performance Analysis
_ | StudiesDataPackage_1

Context
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STUDIES ELEMENTS : FORMAL DEFINITION OF A STUDY

A t- B tt 0l Study 0011 x | i Study_0011 [Read-Only] | = StudiesRequi over... [Read-Only] | [ StudiesDataPackage._1 [Read-Only] | [ StudiesDataPackage_2 [Read-Only] | 2] StudiesDataPackage_1 [Read-Only] |
Clon u ons N = [ Phy PEE - i il iB-B- ig- iq

(short cuts to create
instances, access
GUI to add
information ...)

Palettes

4| (adding shorter way
=l to access elements)
: em_001
"u J’* Pp,uzm,lmgm;dni@ymm,mw
Easy access to { [ €
Systems | |- s

Man jow Elemen
* Scheduler 001

+ - RMD_0D1 o
- Step_SISO_CRAP_002

[ - Assembly_BISO_NOCR_001
- Assembly_TISO_NOCR_002

Easy access to .
Libraries
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“System of Interest”
(from L2 Architecture
and Design Partners)

Legends (with fiters)

Sensors

Ports for simulation

Context elements
(Objective,

Set of Requirements,
Data,

Mission & Configuration,
Outputs)
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STUDIES CONTEXT ELEMENTS : MISSION AND CONFIGURATION

[ Study mission and configuration setup

Objectives Mission Configuration M\Ss‘

Main objectives of the Study : "Pull down assessment”

Type of objective : | Check of Performance requirements

[ Study missi d ¢ i t
Write here the detail objectives of the Study : R R

- . fiourati
Check that with worst external conditions the Environmental Conditioning System (ECS) will be able to cool down the Cabin temperature from a defined start value to a target value within a specified duration Objectives Mission Configuration

. . ~ Context
Associated Requirements : onl

=> [REQ_HLTR-IAS_ECS_252, gravity field : ionstant_ v . . comment :
=> [REQ_HLTR-IAS_ECS_253

Study mission and configuration setup
") Design Partners :
- => DAV (System + Structure| Objectives Mission Configuration
() => LIE (ECS + BAS + CPCS) Plots
= - Paramet Filt
=> HPU (APU) arameters ilters
Q - ) ; Events
© Mission and Configuration
< time Locati... | time  wvelocity | time deltaT... | time angles | time angle... M Location
W s olft ols olknot ols o€ ols  olmd ols o rade o 10 Tab1
000 oo oo fooo  fooo  [1000 El [ Velocity X .
o0 Jooo 6000 oo [soo0  J10m0 . Time Unit Time ws ‘VE|UE . :;mt .
X mnerature
7 Delta ISA 280 temnerature
]
= . —_—
s [ Angles
. - 4
. “ - 3
ss‘ : ] Angle ra “
\ 2 w0
| =
5 [] Events L .
0 5 10 15 20 25 30 35 40 45 50 55 60 cond Lange TasBach -
time }»
=m=lccation  DeltalSA { [
I - [l o SRR R

enaa e ppproacn) | cana_Appranen_crassg [ R———
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STUDIES CONTEXT : OUTPUTS AND SET OF REQUIREMENTS

Enablers

 Study Analysi

System

Wariable

Unit

When

Comment

pp_021a_integratedairsystern_001

ECS_MassFloxRate_001

mass flow rate [kg/s]

save at end of simulation only

ECS MassFloxRate 001

pp_021h_airdistributionsystem_001

CabinTemperature

temperature [K]

save at sample times and at end of simulation

Cabin mean temperature

pp_D21a_integratedairsystem_001

ECS_InputTemperature

temperature [K]

save at end of simulation anly

ECS input Temperature

“)\,\‘S W
\l

saom

9 5 012 D Sy 01| ] MosionComgaaion3 | ESOR1 | ™= Soubcheqtemcision | 9 s ) Sy 11 X | 9o | ) Seiheiremers, | 05081 )
> i ia- ®ia- o B-0- i@

09 21t st o1

[ 152t of Requirements] SOR_1[ S0R_11 J

ith
"O\I\der

cabinTemperature : RealSource

‘Average Temperat

= "pp_021b_airdistr
input\Variableliame = “CabinTemperature”

L0017

Add Row Add Row below | [ Delete Row Toggle Edit Mode

Save data to model
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TgnalBus - S

F10X f:abin

Crédit
© Dassault Aviation - Droits Réservés.

signalbus :

«comments
Type : performances assessment
Target : check Pull dowin requirements.

signalBus : SignalBus

ment

¥ : BooleanOutput

gnalsus.
1

req_HLTRECS_263 : Requirement

[REQ_HLTRIAS_ECS_

“property

asatisfys _ _

¥ : BooleanOutput

«extendedRequirements
[REQ_HLTRAS_EC5_252]

Id="4292 1"

risk = High

Text = "On ground with APU
bleed, the ECS shall be able
to cool from 50°C

©), Hu=Iaikg)

less than 30

venfyMethod = Analysis

wextendedRequirements.
[REQ_HLTRHAS_EC5_253]

Id="42922"

risk = High

Text ="0n ground with APU
bleed, the ECS shall be able
to cool from 60°C
(sAT=LC), HUk) to
26°C in less than 30
minutes”

verifyM ethod = Analysis

On ground with APU bieed, the ECS shall bé able to cool cabin from S0°C (SAT=40°C,
HU=23 8g/kg) to 26°C in less than 30 minutes.

Eriority MANDATORY
Rev:l
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NOT CLASSIFIED

STUDY ANALYZE : ELEMENTS REQUIRED FOR CUSTOM MODELICA GENERATION

Enablers

Study Analysi

ies\LI

Edition  Recherche

i Synthesis! Detail

Affichage  Encodage Langage Paramétrage Macro Exécution
cHHERGA shR2eanlaxBE|1[EE

B DALG_FXCASD_C001 20250403 185850m0 5| [ DALbBase_FX_ASD_C001_20250403_165850.m0 E3 |

léments  Documents 1

R EERNREB EavEEm@®HEn

Study Study_002_Study_0011 with 3 Systems to be analysed :
» Study target : Air System design - Performance Analysis : impact

Systems (3) ¢
1/ system : pp_049a_apu_001 (Type : PP_049A_APU_00T)

« parameter mass = 1.0 [IS0-80000::1SO80000-4 :Quanti

| Study Analysi

1 ?backage DALibBase FX_ASD_c001_20250403_165850 "DA_Pgm FX"
2 extends DALibBase FX_ASD_c001_20250403_165850.Icons.DAlogo;

« port T_AIR_APU_Port_Air [FluidPort_Air]
« port ctrlBus [TL_ActustorBusConnector_002_Port]
-1/ sub port bus_Control EMA (Reference Property)
+ 2/ sub port angleRateSet (Value Property)
« 2/ sub port velocitySet (Value Property)
+ 1/ sub port bus_Sensors_EMA (Reference Property)
+ 2/ sub port TL_SubBus_Sensers_EMA_001_Port (Reference Pro
+ 3/ sub port TL_SubSubBus_Sensors EMA_001 (Reference Prol
+ 4/ sub port angleSensorBusConnector (Reference Property)
+ 5/ sub port phi (Reference Property)
+ 6/ sub port sequence (Value Property)
- 6/ sub port quessAngle] (Value Property)
+ 6/ sub port angles (Proxy Port)
+ 7/ sub port realflow (Flow Property)
« 4/ sub port locationSenserBusConnector (Reference Proper
« 5 sub part location (Value Property)
2/ system : pp_021a_integratedairsystem 001 (Type: PP_O21A Integ

« parameter mass = 3.0 [IS0-80000::1S080000-4 :Quanti

Synthesis Detail

Study Study_002_Study_0011 with 3 Systems to be analysed :
» Study target : Air System design - Performance Analysis : impact analysis / specified Cabin rec

Systems (3) :

1/ system : pp_049a_apu_001 (Type : PP_049A_APU_001)

+ parameter mass = 1.0 [ISO-80000:1SO80000-4 Mechanics:Quantities:mass:mass]
« port T_AIR_APU_Port_Air [FluidPort_Air]

» port ctrlBus [TL_ActuatorBusConnector 002_Port]

« port T_AIR_PACK_ACU_Air [FluidPort_Air]
+ 1/ sub port T_AIR_LH_PACK_ACU_Air (Logical Port - AIR)
- 1/ sub port T_AIR_RH_PACK_ACU_Air (Logical Port - AIR)
« port T AIR_APU_Port_Air [FluidPort Air]
« port T_AIR_LH_ENG_FAN_Air_Outlet_Port_Air [FluidPort_Air]
3/ system : pp_021b_sirdistributionsystem_001 (Type : PP_0218_AirD)
« parameter mass = 5.0 [1S0-80000::S080000-4 Mechanics::Quantit
« port T AIR_RH_Pack_Out_Air [FluidPort_Air]

+ 1/ sub port bus_Control_EMA (Reference Property)
+ 2/ sub port angleRateSet (Value Property)
+ 2/ sub port velocitySet (Value Property)
+ 1/ sub port bus_Sensors_EMA (Reference Property)
+ 2/ sub port TL_SubBus_Sensors_EMA_001_Port (Reference Property)

Sensors (1) :

1/ sensor : fluidport_p_minmax

« parameter p_min = -1.0E8 [Modelica:Slunits:Pressure]
« parameter p_max = 1.09 [ModelicaiSlunits: Pressure]

* 3/ sub port TL_SubSubBus_Sensors EMA_001 (Reference Property)
« 4/ sub port angleSensorBusConnector (Reference Property)
+ 5/ sub port phi (Reference Property)

« port port (Type : FluidPort_Air)
« port p (Type : SignalPort_output_Real)

<

|L:\WRK,RDA\FX\S[U dies\LIE\021-A\Deliveries

_qenerate ||

show in NotePad++ [] show in Dymol

* 6/ sub port sequence (Value Property)
« 6/ sub port guessAngle1 (Value Property)
= 6/ sub port angles (Proxy Port)
+ 7/ sub port realflow (Flow Property)
* 4/ sub port locationSensorBusConnector (Reference Property)

20

veAspectRatio=false, extent={{-100,-100},{100,100}}), graphics={Bitmap (extent={{-8!
ARAGPCAYAAABWLSWUARRRRGABTUEAATGOf PtRkWARACE] SFINAACHDWARABAAP] SAACBOARRFXKAROML

Etnres[L@nDA.png") N
tual property of DASSAULT AVIATION

ctual property of DASSAULT AVIATION.
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It may not be used, reproduced, modified or d

|\cumentation (info="<html>

Systems to be analysed :</p>

erformance Analysis : impact analysis / specified Cabin requirement rer-- " e

\hse FX ASD €001 20250403 165850.Systems =

000-4 Mechanics--~

| elements

s belO
nierarch!

“-‘ "eme“ S) | ..y 0011.PP 021B AirDistributic

—asSIimass]</1i>

+ 5/ sub port location (Value Property)

2/ system : pp_021a_integratedairsystem_001 (Type : PP_021A_IntegratedAirSystem_001) ‘
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STUDY ANALYZE : EXTRA USE OF STUDY(IES) ANALYSIS USING Al LLM

Enablers

NOT CLASSIFIED

- Study Assistant
Warning : The text generated in the dialog box are generated by Al. Be aware that Al text may contain biases or misi ion, so use critical thinking skills to evaluate its reliability
.
Synthess  Questions i3 “ke
The document outlines an air system design analysis d - s ‘as s
It features three main systems: an auxiliary power unit (APU), an integrated air system, and an air distribution system, each with specified parameters and connections H V r\o
IThe analysis includes sensor data, requirements such as thermal performance, and state machine configurations for various mission states like takeoff and landing a e -
It also specifies outputs and connections between subsystems, ensuring efficient cooling and air distribution.["The document outlines an air system design analysis ‘ can - a \o
It features three main systems: an auxiliary power unit (APU), an integrated air system, and an air distribution system, each with specified parameters and connections \n or
The analysis includes sensor data, requirements such as thermal performance, and state machine configurations for various mission states like takeoff and landing ex
It also specifies outputs and connections between subsystems, ensuring efficient cooling and air distribution.”] um-up c
Generate
- Study Assistant

Warning : The text generated in the dialog box are generated by Al. Be aware that Al-generated text may contain biases or misinformation, so use critical thinking skills to evaluate its reliability

Synthesis Questions 12

[ Answer

To calculate the sum of the masses of the systems in kilograms (kg), grams (g), and tonnes (tonnes), we needto first identify the masses of each system provided in the data and ensure they are all converted to a common unit for summation.From the data, the mass

System: "pp_049a_apu_001" - mass = 1.0 kg2

System: "pp_021a_integratedairsystem_001" - mass = 3.0 kg3

System: "pp_021b_airdistributionsystem_001" - mass = 5.0 kgAll masses are already in kilograms (kg).Now, sum these masses: - 1.0 kg (system 1) - 3.0 kg (system 2) - 5.0 kg (system 3)Sum = 1.0 kg + 3.0 kg + 5.0 kgSum = 9.0 kgTo convert this sum to grams (g).

max words :
-
]
e mation
ide additional infor
t data and provi :
or extrac ; m units) ..-
System masses in CuS
(e.g. sum of 5Y
»

< >

[ Question

”Uue\le estla somme des masses des systémes en kg, g ettonnes ? Generate I‘

From: Scope: | Current Study ~ | English v
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STUDIES GENERATION : CHECKS AND

Enablers

Study Checks

Camese | B N\ode\\ca

Check Systems

= Check that all Systems and Sensors have a name:

= Check that all System parameters are instanciated :

» Check that all connected Ports have consistent sub-Ports, if any @ X
» Check that all visible Ports have Modelica sterotypes: +

Check Missions
» Check that all Missions have a name:
= Check that all Missions have a Mission file: v

Check Outputs
= Check that all Outputs have a name:
= Check that all Outputs have a Outputs file:

Check Set of Requirements

= Check that all Requirement Blocks have a name:

= Check that all requirement is connected to a RequirementBlock : v/
» Check that all RequirementBlock has inputs :

Rule checks 10

End e" coﬂ'ec‘
— code

Check Data
» Check TBD

SET OF STUDIES GENERATION

- Studies export

NOT CLASSIFIED

Select options for studies library generation

General Expert

Studies Partner :

PPO21-A LIE : LIEBHERR AEROSPACE

Export? Mame  Comment

[ |Study_001 |Air System design - Performance Analysis : impact analysis : RAM mass flow rate / fuel (hot day / cold day)

I |Study_002 [Air System design Il down / cabin contral (hot day)
|Study_003 |Air System design step / cabin control
Study_004 |Air System design - e sene: €3 bresk domn / cabin pressure control descent)
|Study 005 |Air Systemn design - Performance Analysis : impact analysis ; Pull-up / cabin pressure waming

gelection ©

of Studies t© be S

shared

Custom Madelica v

|

25| 16t Modelica & FMI Conference, Lucerne Switzerland, September 9, 2025

Final generated library directory :

| L\WRK_RDANFX\Studies\LIE\021-A

Generatio

10NS
| 1on op“O“

~] L

~Meodelica option

Dymola directory: |*L\WRK_RDAVtoolst\Dymela\\Dymola2020x\\bin64"

@I Active

Modelica & Dymola

Options: DEFAULT  ~

[ Seript Generation [ Share Flags

Visible

[ Commit

[ Debug [] SSP Generation

[ Push [ Tag version

Ce document est la propriété intellectuelle de Dassault Aviation. Il ne peut étre utilisé, reproduit, modifi€ ou communiqué sans son autorisation. Dassault Aviation Proprietary Data

/| DASSAULT
7 AVIATION



STUDIES GENERATION : GENERAT

@ DAxtraSoft Releases

] bymola Commands

] Favorites

2] Modelica

@ Modelica Reference
Unnamed

< DAEnv

4 DAUtls

[] Modelica_Synchronous

[ ] ModelManagement.

4 DAUnits

| ] Modelica_Requirements

4 DARequirements

¢ DAModelica_323

4 DAManufacturing

4 DASystems2

& _DASystem:

] -

> [] Tcons
> @ Documentation
v ] Studies
(») Study_002_Study 0011
v [ ] Systems
> [ ] Study_002_Study_0011
~ H[3 Interfaces
~[ ] Study_002_Study_0011
~ IF_PR_049A_APU_001
> [@] Medium_Air=Modelica.Media. Interfaces Pa)
~  IF_PP_021A_IntegratedAirSystem_001
> [@] Medium_Air=Modelica.Media. Interfaces P4
v IF_PP_0218_AirDistributionSystem_001
> 8] Medium_Air=Modelica.Media. Interfaces Paj
~ . Intemal
~[] Study_002_Study_0011

> [] fuidport_p_minmax
~[] pp_049a_apu_001

-
4 DALibBase_PX_ASD_C001_20250400_185624

@ driBus
>[ ] SubBus
(| pp_021a_integratedairsystem_001
= T_AIR_PACK_ACU_AIr
> [] SubBus
»[] pp_021b_airdistributionsystem_001

> [ ] Systems
> [ ] soR

4 DALbHelper_FX_ASD_C001_20250409_185624 [§

Mission
State chart

Used libraries =

LibBase

<— Study(ies)

ED LIBRARIES

M~

NOT CLASSIFIED

B Lowms 184

=gl Com

=

controller_01

plgx modéirof i
f{ Distribution system

[

T
!

fh o

X
T_bm

o [T —p o

‘underfioors.

<— Systems / Study
<— System Interfaces / Study

<— Mission(s)

<— Set(s) of Requirements
<+—Data

<— Interface bus

LibHelper B,"' lit
&

>
e
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[
Requirement
observer

D

10000 equations,
3000 non linear

Encrypted model of
FMU integration

W, T

e [
= |

vy

Y
ol

FMI20C8

. Validated model
© (LTS mode\)
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NOT CLASSIFIED
STUDIES ANALYSIS : GETTING BACK RESULTS

Criteria
" Element Type: | Requirement | l:l Scope (optional): | 01-Requirements {}“U| l:l Filter: | 7~ |
2 Name Requirement text 7 Covered by PP Studies Description | Requirement Results
] Study 002 PP033-A_Thermal_and_Acoustic_Insulation_DTAS REQ_HLTR-IAS_ECS 252
1 (& 42921 [REQ_HLTR-IAS_ECS 252 On ground with APU bleed, the EC5 shall be able te cool from 30°C (547 He- - - b h e o -
2] Study 001
] Study 002 PP035-A_Thermal_and_Acoustic_Insulation_DTAS REQ_HLTR-IAS_ECS 252
2 [E 42922 [REQ_HLTR-IAS_ECS_253] On ground with APU bleed, the ECS shall be able to cool from 60°C (SA” He- - - h - e o -
] Study 001
| T R ML mA 100.0 % of test_Req_ . 002_T001 are satisfied at time = 3000 5
Requirements viclated (0 of 1)
——— None
7o Requirements untested (0 of 1)
- None
g - Requirements satisfied (1 of 1)
ey e L o e B e L s e e e e e e e e LA e s s s Observation Requirement Description
E 1 & " 15 2" B » ® 4 £ @ req_TemperatureDecreaseWithinTimeRange_002_1.R_TCabin | The system shall be able to cool down from T_start to T_£top in less than deftaTime:
m Tine ]
— e e 02| — ] 2 0021 nt
$mockh derivative thisck
w00
1 - =

a
i }JI P Trap | yHBET) BP0 W (el
i gl L ey

. Ireq_TemperatureDecreasetiihnTmeRasge_IC_1.upperLmily

e B o o e e o L e o e e e e B e e —T T T T
] H n 5 a = » k] a€ & £

7

‘Time jmin]
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NOT CLASSIFIED

APPLICATION TO THE COMMON USE CASE : STUDY “WING CHOICE”

Traditional MBSE System ] Assessment-Simulation «world» (Performance-Safety ...0-1D, 3D...MIL, SIL, HIL...) [Z Physical «<world» ()
«world» (sysMuumL ... RFL)
Unamed
4 o Study Modelica-FMI / Dymola — 3DExperience
Requirements ... Architectures ’Q”““*"‘“—’“‘"‘””*“"
— b 4 v — DA (A/C Architect) | —
— > 4§ DAlnits et .'-—9 =3 namse p—b 00 | kg
> 4 e ‘ l . Al1 (Wing Demm} i
(e { ¥ AI2 (Wing Manufacturing) """
~ ] Scenaol LTS J’E) .
'Dj”“‘“’“‘ (Actuat emgm ,_dT [_E' ’D N SyStem
> (2] commonden Behavior
It wingRight : .
3, wingleft § E Requirement checks
U propeler S
- Daher (Fu ;alage Manufact.) |
¥ fusdage i
K@} contole o1
i T [§ conoLont
s 1 o [ ctotar /
i > [ o
DA — Partner X-— (e
» M ntofaces
[P] s
$System Modeling World System Simulation/Analysis World @ Study 001_T001
. (1) test Contoller 001_TOD1 EEeSnEss
() test ropelles 001 TOO1 :i.ig % 8808 s
[r— s (1) test Comtro 00 Tt W\&
models. | —
2 s Element of ceacamEen__
i cons - EEsOsS080E
- Review E)_(change =
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APPLICATION TO MANUFACTURING : STUDY “CAPABILITY TO MANUFACTURE WINGS”

High level hierarchical definition of manufacturing workshop defined with

modular parts

Generation in Modelica (or in
other formats e.g. EKL script for
Factory Flow Simulation)

Hierachical definition

16 [Study] Study_002 [ Stucy_J

Time = 0d:-19h:2Bmn26s  OPLEIDC... P1
o Business Time = 1450 28m...
emsleEEms @dfm

skin_r

ing_lines : SKin_r ing_lines —p1 : StmPort_step_out
W]
;

aileron_

ing_lines : Alleron_ ing_lines ——p2 - StmPort_step_out
wl ]
‘

o1 : StmPort_step_in

stiffeners_manufacturing_lines : Stiffeners_manufacturing_lines

ibs_out - StmPort_step_out

b2 - StmPort step_in

itringers_out - StmPort_step_out

Dspars_mn - StmPort_stap_

ut

B3 : StmPort_step_in)

B4 StmPart_gtep_in|

[::H SthurLs’\ElLin'

F\Mng_assamhly_lma :Wing_assembly_line
th

outputs_2 : Outputs_2
th

Study PortTypes
M ElecPort_Analog_Pin
B ElecPort_Digitalinput
|+ ElecPort_DigitalOutput
@ ElecPort_Nutiphase_Plug
# ElecPort_SpacePhasor
@ FluidPort_Air
() FluigPort_EstinguichingAgent
() FluidPort_Fuel
() FluidPort_Hydraulic
@ FluidPort_N202
@ FluidPort_02
() FluidPort_Refrigerant
() FluidPort_Water
M HeatPort
M MagneticPort_FT
i MecaPort_2D_Frame
! MecaPort_30_Frame
@ WecaPort_R_Flange
B MecaPort_T_Flange
#j signalBus
P SignalPort_input_Boolean
P> SignalPort_input_integer
> SignalPort_input_Real
= SignalPort_output_Boolean
 SignalPort_output_nteger
| SignalPort_output_Real
= SignalSubBus
P StmPort_step_in
L] stmPort_step_out
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STUDIES MANAGEMENT WORKFLOW

Enablers

NOT CLASSIFIED

Build
(candidate)
Architectures)

4

EDEE—)

)
c
£
] Adjust and Manage Risks
_E, | Objectives
e Missions and
il Configurations
Iterate (daily design, change of I/F, Requirements ...
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AGENDA

Context

Agenda

Conclusions and Outlooks
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NOT CLASSIFIED

CONCLUSIONS AND OUTLOOKS

 Integration of Multi-Systems Analysis in System Engineering

- New agile and flexible collaborative process for Architectures assessments
« Defined and tested on prototypes connected or integrated in current operational design tools
- Implementation switched from a Modelica centric to a SysML driven process, allowing
a better continuity and traceability from Architectures and Requirements
better automation for checking results / objectives ...

* Outlooks
Improvements of the prototype planned up to end of the project (end of 2025)
- Explore or improve other System Engineering elements (functional parts ...)

£
o
2
S
(@)
o
<
[}
(7]
<
o
»
3
o
<
S
(&)

As much as possible test of future opportunities bring by some major evolutions of
- Standards : Modelica (4.x ...), Modia, SSP (2.x...), FMI (3.x, ...), SysML (v2 ...) ...
+ Tools : 3DExperience, Magic System, Dymola ...
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