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Moteurs d'avions Trains d'atterrissage Intérieurs d'avion Systemes Surveillance de I'espace
civils court et de navigation par capteurs
moyen-courriers** Roues et freins carbone Inertielle radiofréquence
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d’'hélicopteres
Toboggans d'évacuation *hors avionneurs
**en partenariat avec GE
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Les défis de conception de SAFRAN

1 - De nouveaux enjeux

Des solutions technologiques innovantes
pour contribuer a l'aviation « zéro émission nette » en 2050

74
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Techhologies pour "Carburants Electrification de la
l'avion ultra-efficace durables propulsion et de l'avion
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Les défis de conception de SAFRAN

2 - Une complexiteé des produits croissante

NO. OF COMPONENTS
mmmss NO. OF FUNCTIONS

10E18
messs NO. OF INTERACTIONS

500 BC 1200 AD 1750 AD 1850 AD 1900 AD 1980 AD 2020 AD

(INCOSE Vision 2035)
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Les défis de conception de SAFRAN

3 - Une complexité des organisations croissante

Partenariats Multi-sociétés
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Les défis de conception de SAFRAN

4 - De nouvelles contraintes reglementaires et des exigences clients
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Les valeurs ajoutées du MIBSE

7. 0000

Ingénierie basée sur les Documents

+ Structures

+ Aerodynamics
+ Thermal

+ Communications
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Ingénierie basée sur les Modeles

System Model

X ’CZ&. *
7l

Manu!acluung CAD
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Comment rendre le
MBSE accessible a tous




1 - Intégrer le MBSE dans le référentiel méthodologique

LE CONSTAT INITIAL :

> Un processus de conception initialement centré sur des documents
> Le role et les responsabilités de larchitecte systeme mal définis

> Le MBSE interprété comme une illustration du référentiel dexigences [Nice to Have]

LES SOLUTIONS SAFRAN :

SAFRAN €) One Safran
Hniversit\( X .
Choix d'une Plan de dﬁn:z‘éariz:igl
méthodologie formation Groupe
Sensibilisation
CESAM Grille de
Formation-action maturité
hi
Coaching Audits
Chantiers
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2 - Accompagner I'Architecte Systeme

LE CONSTAT INITIAL :

SysML Diagrams

Un temps d'appropriation des outils de modelisation trop long

13
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2 - Accompagner I'Architecte Systeme

REPONSE 1 : Retrouver dans l'outil de modélisation le cadre d’architecture

14

@ Utilization

% Space

% Solar system
% Spatial Center
%% Saturn V

L Lunar Excursion Module Design Document

& Moon landing phase
(& Phase of travel to the Moon
(& Take-off from the Moon

. Take off from the Moon

. Control the module trajectory
J Landing on Mars

. Brake the madule

Environments b Lunar_Excursion_Module
@ Users Operational Architecture
% Apoll
2 Apollo ..
& Astronaut Needs Contexts UseCases Scenarii
«a Capcom S Ezfcerentnal (& Design, manufacturing and testing . Select guidance mode 4% Land on the Moon
& Spec Installation in the Saturn V . Landing on the Moon 4% Scenario braking phase

& Customer

:. Man Kind
am USA

@ Project

Functional Architecture

Requirements

Modes

Functions

Scenarii

L. Referential

I Spec

L& Lunar Excursion Module Design Document
L. Sensor module Design Document

© Stop without energy
Stop with energy
[ Functioning

z‘ Motion_control

z‘ Estimate_the_state_of_the_system

Q Produce_a_thrust

\f | Acquire_distance
;Acquire_accelerations_and_rotation_speeds
\F | Acquire_the_command

£ Supply_fuel

L Compute_the_guidance_setpoints

Fi Compute_the_steering_setpoints

[

by

&' Functional chain of command in attitude
@' Translation control functional chain

%4 Scenario fonctionnel land on the moon
ﬁé‘d Scenario Translation thrust

1;‘ Scénario Estimate the state

[a]
aa Nasa
&a Grumman

@ Other stakeholders

& DOD

Constructional Architecture

Requirements

L. Referential

L spec

L Lunar Excursion Module Design Document
L Sensor module Design Document

Configurations

Bent legs configuration under the Saturn V
fairing

.SJ Lunar Train Setup

|£;- Descent Setup

Ascent Setup

Components

uAscent_slage
m Descent stage
|L| Propulsion module
|¥] sensor module
| Interface module
l' ]Attitude actuator module
[m] Energy module

Scenarii

?{:3 Scenario checking the LGC
§% scenario IHM

ATIS

& N
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2 - Accompagner I'Architecte Systeme

REPONSE 2 : guider I'architecte systeme conformément au processus de développement

[ONE Safran Process Map]

0. Overview

Overview Lists all activities.

1. Initializing the system

Initializing
the system Start a new project.
2. Analysing the system environment [SYS 02]
Analysing the : . i . . N -
T ETIET Identify the stakeholders and external systems which have usages and constraints 4. Modeling the operational architecture [SYS 04]

towards the system.

Create the interaction between the environment and the system. o Diagrams Viewer x
3.Ca : d lysi eeds [SYS 03 - Operational Specifying the
pturing and analysing needs [ 1 Needs analysis Arlaciing systom type filter text
EEIRENT IR Analyse or create needs from the initial documents and the environment. % xatisTable_viewpoint
~ 4.1 Define the system life cycle S w & xatis_viewpoint
4. Operational architecture [SVS 04] Create life cycle [State Machine LifeCycle] v @ [L5VI ecycle State Machine
. rational architecture reate life cycle [State Machine LifeCycle - ) ) .
pe & [LSM] Drone Civil de prise d'images aériennes
Operational i i ; g Create a list of operational context [Contexts tree view]
architecture |dentify the operational context and create the life cycle of the system.
Specify the different context and analyses the use cases. Create a list of event [Operational Event Table]
5. Specifying the system [SYS 05] » 4.2 Define usecases %
Specifying the 3 B » 4.3 Analyse operational context &
system |dentify system modes and functions. U B
Create requirements to specify functions, system interfaces and constraints. » 4.4 Define operational scenario h=
- - &=
6. Modeling the functional architecture [SYS 06] + 4.5 Synthesis operational context 5
Functional » 4.6 Define operational traceability E=3
Architecture Decompose system function in technical function and make a functional architecture.
7. Modeling the physical architecture [SYS 07]
Physical Architecture Identify components and allocate technical functions.
Identify and design the different system configurations.

15 P
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3 - Répondre aux exigences de la conception préliminaire

LE CONSTAT INITIAL :

Difficulté d'assurer une collaboration efficace

entre [Architecte Systeme et ['Ingéenieur Simulation

16 & N
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3 - Répondre aux exigences de la conception préliminaire

REPONSE PROPOSEE :

> Lien entre outil de modélisation MBSE et logiciel de simulation

2 Scenario Scenario : Provide system status timeline

Acquire GPS Acquire acceleration Estimate the state Calculate the driving A . § ; z
position and rotation speed of the system 7] instructions ~ Scenario : Provide system status Time Slice - ]
| | | I Clock Period- 100.0 '0 Clock Period : 100.0
| /| @ inertial measurements =~ ‘ e .OC eriod: : ¥ Tstart: 00
V.U 7 3
| N | A State of the system Time Start: 0.0
: = Y—— " - Time: 0.0 - > inertial measurements
e O TIESYSTEML S BT Time: 100.0 -» State of the system
s ‘ * Time Done Computed: 1100.0 o Y
T 200.0 # inertial measurements 0.0 ‘ P Time: 200.0 -> State of the system
; A State of the system Time: 200.0 - = inertial measurements
! ! Time: 300.0 -= State of the system
@1 State of th 1 | .
‘ *w SYSIEM ) Time: 400.0 -> State of the system
‘ 400.0 A inertial measurements | 0.0 3 Time: 400.0 - = inertial measurements
! - A State of the system | Time: 500.0 -» State of the system
| I I Time: 600.0 -> State of the system
‘ A State of the syst
1060.0 | ‘M LM, Time: 600.0 -> inertial measurements
: | 600.0) A inertial measurements 0.0 | Time: 700.0 -> State of the system
\ s 1 A State of the system | Time: 800.0 -> State of the system
| | ( Time: 800.0 -= inertial measurements
{ o ¥ state of the system Time: 900.0 -> State of the system
‘ & # inertial measurements 0.0 Time: 1000.0 -> State of the system
‘ @2 . A State of the sysiem ‘ Time: 1000.0 - > inertial measurements
T ‘ As f th Time: 1000.0 -> GPS measurement
‘ o & otate of theigystemn gl Time: 1100.0 -> State of the system
| A inertial measurements | 0.0
10000
‘ . ‘ ‘ 100.0 Tdone computed : 1100.0
Goon | A GPS measurement | | : Tdone : 0.0
- | A state of the system
: : SCATIS
17
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4 - Renforcer la collaboration entre équipes distantes

LE CONSTAT INITIAL :

Le partage des modeles MBSE entre des équipes distantes souvent laborieux

18 P
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4 - Renforcer la collaboration entre équi

REPONSE PROPOSEE :

19

XATIS-WEB PROJECTS DOCUMENTATION

Q

v World
2 World Map
Users
utilization
Customer
Project
Other stakeholders

rFeeeoeose

Lunar_Excursion_Module
© New Project Analysis
Uibrary

w

Annotations

Related diagrams

Diagram (lm-w-«ms) (@ loanuwam) [

A Home  LUNAR MODULE  Lunar_Module [Vi0] [ Architecture view

| [

=

> Consulter et annoter un modele MBSE sans installation d'outil

Environments ]

. Lunar_Excursion_Module

W Users l Operational Architecture
< Apalio
| Aswomane Needs Contexts UseCases Scenarii
| aa Capcom e | @ Design. manufacturing and testing F Select guidance mode % Land on the Moon
= o & Installation in the Satum V " Landing on the Moon 2 Scenario braking phase
4 Luner Excursion Module Design Document 39 sion fesching huse Srprislopsimrepe
@ Phase of travel to the Moon Control the module trajectory
@ Utilization & Take-off from the Moon D La s
. :7§p‘e Brake the module
S Sotar syt
. Spatial Center
% Satum v
Functional Architecture
I PP Requirements Modes Scenarii
o o & Stop without energy B Functonal chan of command = attitude
L3 S'A ll Spec & Stop with energy ® Translation control functional chain
- U & Functoning 1 Scenario fonctionnel Land on the moon

&) Lunar Excursion Module Design Document
il Sensor moduie Design Document

Selected element properties

Acquire_the_command

Supply_fuel
Compute_the_gudance setpoints

5 Scenario Translation thrust
9 Scénario Estimate the state

Related elements

pes distantes

ATIS




5 - Rendre les diagrammes lisibles pour les non-spécialistes

LE CONSTAT INITIAL :

\-' = Requirements

80D i = L = I

o Sequence diagram
18D

Lisibilite des diagrammes parfois redhibitoire pour obtenir
un retour constructif et engageant du destinataire

20 P
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5 — Rendre les diagrammes lisibles pour les non-speécialistes

REPONSE PROPOSEE :

> Une génération efficace de diagrammes « a la demande » en fonction de son objectif et destinataire

21 ~
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04

Conclusion




CONCLUSION

Pistes pour rendre le MBSE accessible a tous :

1 - Intégrer le MBSE dans le reférentiel méthodologique

2 — Accompagner I'Architecte Systeme

3 - Répondre aux exigences de la conception préliminaire

4 — Renforcer la collaboration entre equipes distantes

5 — Rendre les diagrammes lisibles pour les non-spécialistes

Et vous, quels défis relevez-vous pour mieux déployer le MBSE ?

23
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