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Safran at a glance
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A world leader in our core markets

No.1worldwide ~~  No.1worldwide

Narrowbody commercial
jet engines (in partnership
with GE)

Interiors for regional
and business aircraft

Aircraft water and waste
management systems

Helicopter turbine engines

No.1 worldwide No.1in Europe No.1 worIdWide

Landing gear -“'i" Tactical drones Space surveillance via
= : RF sensors

Inertial navigation systems
Modems for satellite station
keeping and

space probe control

Optronic (electro-optical) systems

/ﬁgafft wiring .- v

Evacuation slides High-performance

space optics

Oxygen systems
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Safran SEATS presentation
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Safran Seats portfolio

TWIN-AISLE AIRCRAFT

SINGLE-AISLE AIRCRAFT
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Digital transformation challenges in
the aerospace industry
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Aircraft SEATS Market complexity

Complexity of Systems

Rules defined by the authorities Integration constraints

i I
=l o arov R | N7

© e EEASA (L eoeme

People and Organizational
changes
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Projects High Costs and Extended Lead Times

1

Requirements
Customers Needs

Complex
Mechatronic
System Developed System

System System
Definition Qualification v

% Validation Test

- Functional Tests to qualify
System Performances.

Sub-Systems

Integration

Exploration Test
- Accurate Definition of
Customers Needs.
Feasability study.
- Performances Preliminary

Test. Integration Test

Specification Test - Mechatronic Integration Test and

- Accurate Pre-sizing of company

: Validation.
equipements.
Solutions Tests: Trade-off. System
Preliminary Test of Implementation

Equipements Integration.
- Faults Integration:

Dysfunctional Tests: Prototype Manufacturing
Mimizing

Usual V-Cycles requires multiple physical prototypes which increases Development Lead TIMES

and NRC’s
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Defining WHAT \ - »
Eor? mEm
What are the \ Amm
Characterized “Services to —ZARR

provide (use

Case) CESAMES

Specifying HOW
the system shall
provide the
services to

« Stakeholder
Specifying WHAT
will be the
behaviorin a given  _gpecify Which sub-
usage context system until parts will
composed the
product
-Speccifying

« Physical flows
interactions and
interfaces

Characterized
-Specifying the sub-
systems

- —
Deploying MBSE @Safran SEATS
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SE a collaborative Stream @ Safran SEATS
e =

4»-. Customers Needs
‘ 3 Suppliers _-
E eqpt3D %

CM to internal
Specification

Modules Specifications

Ry 0

System Mechanical Electrical
Architect Engineer Engineer

Capture Needs

e =
B rad b

Product System Style
Architect Architect Designers

i

Ergonomics Modules MBSE Models

performances

, -
AZ A Z
— = \
Stakeholders pr== . L . vl
Uses Cases Requirements
Matrix

A collaborative multi-disciplinary engineering process from stakeholder requirements definition to detailed

design, validation, verification and certification phases.
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A tailored framework

Product Line

and 3D
Mockup
-
Cameo 7] ! ¢
"SYSTEMS MODELER % - Simulation
!: : 19.0 | and MBD
TR Ssarran -
MBSA

An unified tools framework enabling and supporting System Engineering activities and linking Design

Activities (MBD).
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MBSE for B/C Seats : Trade-Off capabilities

FROM MBSE to MBD to early validate solutions

} } ? | - ‘” ” Pmax=xW

Sth% S0th%  95th% — £ o ; ;‘. _:m = ) 5
P e | ~— = S A L S T e
....:*:‘._// =) ! 2 ‘-__ 7 - =
=9~ | Functional interactions el — g
o = | — = — —
= ] definition = X arciectures | || == | P =x+IW
«.....:..7_.._72_,,. “-7-.7 W ) :— "ﬁ'- —‘:_ FEL TRADE‘OFF -—-
e ® e izmmoy | B & En*Els Process
— -
"""""""""""""""" . N = Fmax =y-nDaN
B ; - e ' .
Use Case~| = = - .

( Fmax =yDaN

Behglioral Me:hanical Ab:se Loacjs '
definition Performance Characterization

FROM MBD to MBSE to assess architecture requirements specifications <
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\X .ﬂ'?
Introducing a new early validation
methodology with a Business

Class SEAT study case W gmimy 4

555555

Validation

8
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The Nexus Between System Architecture and Digital
Transformation in Aerospace Systems

Promote a selected
Solution

eExplore the space solution

‘HUnderstand the Problem I
Design Of Experiment
| b e

Customer System

Multi Objectives
Trade Off

Product
Specifications

KDD #1 | Design Space

Needs Engineer _— global
; |
_— e - ! - AW _.a - —— r\
f { R
System Architecting L Solution Optimization Ezzi‘:emer

Simulation Engineer
Early validation means are mandatory to assess multiple architectures solutions, before manufacturing mature prototype.

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 14



Our Approach : DT with HIL-Test Bench 2 Parallel V-
cycles handling 3 Main Uses Cases

Requirements Vav
Customers Needs Test Request
)
Developed t @ @ Developed

System \@ / System DT

UC1: To support systems
engineers for assessing
seats product kinematics

and trajectories System
Definition

UC2: To support systems Specifications

engineers for verifying seats System Advanced Physical and Virtual
statics and dynam ics key System Qualification ! Tesdn; with Svstcm DT

Conception

performances (forces,

Sub-Systems
torques, speed, angular Shacications
speeds,. = ) and Design

Sub-Systems

UC3: 10 support Design Integration
teams onmpre-validating
subassemblies desingy-being

compliant to functional ®SQ_. RT DitaExchinge
requirements. .
q <= = : Feedback flow : ISV“‘"" . GDM : Generic Digital Model
mplementation .
- : \Verification Réguest flow Prototype Manufacturing SOFENMEarEtn]

SDT : System DT

Introducing a new early validation methodology

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 15




1) Step MBSE Modelling : Understanding the
problem, evaluating solutions

™~
= I A Nom |
m@ 1 |B [E 1 The system must be actuated with translation and rotation
2 | [® 1.1 The system Backrest must be able to rotate around z-axis
< A 3 B [® 1.2 The system Seatpan must be able to translate in x-axis >
e Systéme Sidge 4 B [® 1.2.1 The Seatpan actuator must be controlled in position
] ' ; = 5 | [@ 1.2.1.1 The Movement TTL-> BED must not exceed 225
s 30 -0 'D"O' 0 B0 E]‘b[ o ":m 6 | [E 1.2.2 The Seatpan actuator must support passenger load (50, 75,
! He 7 [& 5 The system height must be adjustable
\ \ 8 @ & The actuation system must be controlled and powered -
“Satisfies” —
cl!l Transforme Electrical Power to Mechanical Power [ @ Transforme Eiectrical Power to Mechanical Power ]J \ : \
() c 5 . | pv?m:*vn'a-'&au"o-t::l.w%ulTvulvwwuf’u-vnlwuﬂb-vd Row s
r"' Electrical F E w“:::::l:::." ¢—I_E: R Real e
vetage

= =

w - =
\\ .
< % -‘,\. S v |u [3e: Reat x| accrayarts >
l i (i «Functions : LI i TT 11

) ¢
f a Flov Einctons - R :Mlﬂurbﬂ{l;::; d
f gensrate 'I'orque 9 Mechanical Flows Mechanical interface
—
|~

4 L U L7 e " E :‘::(:"?n:::« Aot Postion: l?gullhs(nn
provide Speed - N r = ¥m = Sy fv:fen Uy ‘= etssrtag sl
Simulation Intention static e . . LI —Loo -
specification: ~Siimulation Intention static [EnEalal g T [ =
.p Interactions casualty ‘ spicl:ificatlon: h . 4 Dynamics Modes : N S P |
. . = () J
* Locked Variables : ows typgs < AR RN * Variables e e
+ 1/O specifications - 0D Computations i F
* Open variables

Creating the System Functional Architecture, with simulation intention specifications
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2) Step Digital Twins models : Exploring space
solutions

_Gameo o8 ——F= 1 .
mSYSTEMs MODELER % ] ,%_ =
i \ ‘ 190 —F J O =it e

/f__.., — N T e
Dlmtal continuity ‘
/ "Inherit/vérametricsvariables" N

1£DC Motor %Model_Parameters
B L function [y1,y2] = fcn(Ke, u, R, L, Im, Km) %DC_Motor
i H1=tf([1],[L R]); u=[1;
- Tm=rau*Km* (u-Ke*wm)*H1; R=[1;
| mill N " .j H2=tf([1], [Im fv]); L=[1;

) :. — Cogle :] wm=Tm*H2; \ Jm:[i' |
iy Tk Ay | o4+ +—8 ¥k o \ km=[1; :
< : ‘ o e=—g| - . = Ea— - Ke=[1; \>~

!@ . B A a L Ml | . | J0 B %worm and wheel

t] = | === Simulation Intention static —_— "rat[‘;“;

- LB N H H . . = ;

- j specification: o Dynamics Modes : %screw

s * Flows types characteristics . Variables Pas=[];
| ) o * 1/O specifications + 0D Computations |
\_ * Open variables y.

Generating automatically the Functional Simulation System Architecture, with simulation variables
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3) Step Digital Bench Twins models : Achieving early

validation

egent
| I
| B Ot

Le4 compans ot Comrrms [wcrce Symer Susen
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—_— ™, "Validates

B [’ 1.2.1 The Seatpan actuator must be controlled in position

[’ 1.2.1.1 The Movement TTL--> BED must not exceed 22s

[®] 1.2.2 The Seatpan actuator must support passenger load (50, 75,

Assessing System Functional Architectures assumptions, with DT Model in The Loop means
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4) Completing Early validation with Hardware-in
The-LOOp IMeans pigital Twin

Physical System

Bencir Actuation | Bench Actuators Bench Actuation
Multiphysics Models Actuators
Models Generic —
Seat
| + ontrol
Multi-
Kinematics
Control Platform
Models
‘Variants S \ =
Variant dSPACE -
. . - ° : sica
Digital continuity Integuation

Library.Of Seat
Models

\ |
\ \ Data
— Bench

Sensors

Data
|4

Seat Electrical
Sub-systems

Seat Mechanical
Sub-systems

= 7

Assessing System Functional Architectures assumptions, with DT Hardware in The Loop means
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— - Specification - QD-Fidelity
> — — Functional Analysis
[O sum u | ' ) B E B
. i = S - — - —_ . . _'_—- =t Trade-o'f Model Performance testing -
: : z =Mt Ké:,'::_’:‘ Kinematics Mode! Functional Simpified |  Functional chain:

Multiphysics Model causalty

. I ik ‘ ‘ @uuto

SYSTEMS MODILER

Technological
Solutens
Choosed
Conception - Physical 1D-2D-Fidelity
Performances Analysis
_....:-....... e @ TestBench Digital
_— m Twin : Generic
% Output
X (', f(=") - mm
1 « Sensitivity . 0 Training n RealData | Sensors - RealTime Modular/ Variant | - Equipment testing
x .mu',y:; . » M ¢ Device Multiphysics Models -
2 op ation : — e 30 Visualization Funcsonal &
: + Risk analysis ? & v a0 Lt
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