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e | [lpucytctBne ES|I Ha MMPOBOM PbIHKE
get it right®

o 95 M€ turnover
(2011FY)

e over 1000

specialists
(31 January 2013)

o 17 subsidiaries
® 25 agents

® Headquarters
® Subsidiaries

® Agents and distributors

Paris, France

Pilsen, Czech Republic San Diego, CA, USA Beijing, China
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Engineering
Simulation
for Industry
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C Yy4eTOM MeXAyHapoLHOM cucTeMsbl ynpasneHns kadyectsom ISO 9001:2001
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e\n ESI trade solutions

get it right®

Virtual Environment

fluid dynamics electromagnetics multiphysics Enabled by
vibro-acoustics
a common

0 Platform
simulation

@ systems
integration

welding &

heat treatment ‘M’
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sheet dynamics
metal forming composites crash, impact

& plastics & safety

Virtual Manufacturing

Virtual Performance
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CJ/i Aeronautics Engineering

get it right®

e Endto End Modeling: include manufacturing effects in model

Manufacturing Usability

weld co aerodynamics ditching
rivet ' |
assqmbly VIRTUAL VIRTUAL
ENVIRONMENT

g MANUFACTURING
cast

N

VIRTUAL

PERFORMANCE “as-used”

conditions

“as-built”
conditions

Performance
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@Ji Composites Manufacturing
get it right®

-

Manufacturing of composites part

ESI Composites Suite
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eJi B Pre-forming and forming simulation

get it right®
L|qU|d Curing
Composnes And
Moldmg |stort|0ns

e Simulation can evaluate

= Different forming strategies:
= Stamping, diaphragm (single or double) forming, thermoforming
= Clamping conditions, process parameters (tool velocity, temperature, pressure...)

_—

-

e Through the prediction of
= \Nrinkling
= Bridging
= Thickness (laminate thickness, thickness per ply)
= Optimum flat pattern
= Final fiber orientation

www.esi-group.com : : :
§ P Marketing.composites@esi-group.com Copyright © ESI Group, 2012. All rights reserved. 7



eJi ~ Liguid Composites Molding Simulation

gEt it right® Formlng Curing
) and And
M.ﬂ” = re forming istortions

e Simulation helps to define and optimize
= |njection strategy (RTM, VACUUM INFUSION, VARTM...)
@ |njection pressure and flow rate
= |njection gates, vents and vacuum ports location
= Molding temperature
= Flow media

e Through the prediction of
= Dry spots, porosity and micro voids
= Filling and curing times
= Flow front velocity / Fiber washing
= Pressure in the mold

e Taking into account
= Fiber angle variation (permeability variation) of the preform
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Forming Liquid
l and Composites
re-forming Molding
get it right®

DISTORTION SIMULATION
(AUTOCLAVE)

ACE+: CFD analysis

OOOOOOOO
m U

SYSPLY: Curing and distortion analysis
. \ nor

T
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eJi Autoclave process and induced distortions

P : ® Forming Liquid
gEt It I'Ight and Composites
re-forming Molding

Draping Curing Demolding

Factor known to affect shape distortions and residual stresses

Thermal expansion
Chemical shrinkage
Cure temperature

Mould thermal expansion

' Internal stresses generﬁn

Defect
= \Varpage
& Delamination

= | aminate lay-up
= Draping effect

Local material properties
modification

Stress release
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eﬁ 7 AUTOCLAVE

i i ® Forming Liquid
gEt It rlght and Composites
- re-forming Molding

= The specific iIssues with Autoclave

& Design
= Selection of the Autoclave
= Sjzing of the Autoclave (diameter, length, loading space, etc)
= Fixing of performance parameters (ventilator of the heat exchanger)

= Part Manufacturing

= Autoclave loading: how many & how to install the tooling and the parts inside the
Autoclave

= Cycle definition and optimization: how to ensure quality and wanted thickness

Lots of interacting parameters and physics
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Forming Liquid Curing
l and Composﬂes And
re-forming Moldlng Dlstortlons
get it right®

STRUCTURAL ANALYSIS
in order to...

e Save cost by reaching the expected performance with the first
real prototype: reach the target on the first shot

e Quickly evaluate multiple designs
e \anage components fatigue

Examples:

v'Dynamic Impact analysis
v’ Failure analysis

v Static loading analysis

www.esi-group.com _ :
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get it right®

www.esi-group.com

Example of Antenna Reflector

TAPE LAYING
AND DISTORTIONS

Copyright © ESI Group, 2010. All rights reserved.

14



eJi Example of the SNECMA new composite blade
JEC 2010 (15 April)

e _ .
get it ”ht = ESI Simulation Forum
Making tomorrow’s engines come true
» CFAN, Texas: International, joint venture Snecma & GE Motors

» LEAPS6™ “Leading Edge Aviation Propulsion”, new engine for a
demanding market

» New-generation composite fan blades made by
RTM (“Resin Transfer Molding”)

™ : . . .
LEAPS6™ engine Flow simulation Composite fan blade
. e
QE{: bt
e bruno.dambrine@snecmafr / edu.ruiz@polymtl.ca \_,.ﬂ Snecma

POLYTEOHNMOUE p
MONTREAL Grimew AFRAN
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C/i

get it right®

Engineering

Research &

Flow

Technology for Composites

Draping
of fabric

Principal permeability K,

90 4

Weft (902)

Example of the SNECMA new composite blade
JEC 2010 (15 April)
ESI Simulation Forum

L Cad
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CVi

~ Example of the SNECMA new composite blade
= JEC 2010 (15 April)

get it right® . -
e ESI Simulation Forum
Constant
e flow rate N
I I | "
b 5§ flow rate
e §

\

Curing at end
of injection
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e [ Example of Solution

get it right® @

AIRBUS
e Composite Part Forming

= [easibility assessment of using composite material for rib manufacturing

[ PAM-FORM ]

www.esi-group.com .



GJi Example of Solution
get it right® @

AIRBUS

e Composite Part Forming

[ PAM-FORM 1
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Example of Solution

%

AIRBUS

ht
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e\n Composite Solution Customers

get it right®
= EADS (France) = FGUP VIAM (Russia)
= BOEING (Australia) = TSAGI (Russia)
= SNECMA (France) = Kazan Al (Russia)
= PRATT & WHITTNEY = Perm STU (Russia)
(Canada)

e DASSAULT (France)

= SAMC (China)

= Several AC plants (China)
= BOMBARDIER (Canada)
= ASTRIUM (France)

= FUROCOPTER (Germany)
= MHI (Japan)
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CJ/i

get it right®

O

Provide to industry virtual solutions for design and manufacture of products in
order to eliminate physical prototypes that require high consumption of time,
raw materials and energy.

= \/ision l
\vision ]

Be the leader of virtual prototyping spurring innovation of products and
processes to reinforce the social value of our customers’ products (safety,
comfort, performance,...).
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