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SIMULIA Vision & Mission

» SIMULIA is the Dassault Systémes brand for Realistic Simulation
> Vision:
> “Make simulation an integral business practice”

> Mission:
> ‘Be the leading provider of simulation solutions for engineering and scientific simulation”
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Realistic Simulation is...

> ... the use of sophisticated finite element analysis and multi-physics analysis to

know how products will perform before they are built.

> Evaluate design alternatives
> Reduce physical prototypes
> Increase confidence in product performance
> Accelerate design decisions

> Gain knowledge of real-world behavior
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The Real World

» The real world is nonlinear
> The frequency spectrum of a heated (pre-loaded) engine is relevant
> Bolts are pre-tensioned
> Misuse and failure situations are highly dynamic
> Contact always includes friction

» Since the real world is nonlinear,
the virtual world need to be nonlinear, too

» But

> The analyst world is often still linear,
especially the design-integrated world
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Sources for Nonlinearities

» Material Behavior
> Nonlinear elasticity, plasticity
> Damage / failure
> Hardening / creep

» Contact
> Close / open
> Self-contact
> Friction, stick / slip
> Large sliding
> Geometry
> Large rotations
> Large deformations
> Instabilities, e.g. buckling

p
2S SIMmuULIA

[/

RN NN

NN
RN RN NN

BN

IEEEEE R

]
fffffff."f‘ff

fr

1

DASSAULT | IFWE sk the right questions

DS SYSTEMES ' wecan change the world.



nt_2012

3DS.COM © Dassault Systémes | Confidential Information | 9/4/2012 | ref.: 3DS_Docume

Agenda

BEERBDB

SIMULIA & Realistic Simulation
CATIAFEA

Abaqus for CATIA V5

SIMULIA V6

IF WE ask the right questions

D7S DASSAULT

SYUSTEMES

we can change the world



3DS.COM/SIMULIA® Dassault Systémes | Confidential Information | 9/4/2012 | ref.: 3DS_Document_2012

Why is Design Integrated Analysis Important?

Costs
To Fix
Problems

The costs of fixing mistakes
increases by a factor of 10 as
you advance from one
development step to the next
Source: SONY

Pre-

Devieopment  DeSign Prototyping Tryout

2
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x 10000

Production Time For
Equipment Recognizing
The Mistake

$100 mistake early in the design

process could cost you $1M to fix once
the product is in the customers hands

Simulation during the design phase can
identify potential problems and give
guidance to product improvements
during the design phase
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Why is Design Integrated Analysis Important?

A 40% material reduction can equal a 40% part cost reduction in large production

Original Design Analyzed to Reduce Weight and Optimized
Design reach safety conditions Design
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CATIA Analysis: Key Benefits

» Direct integration with CATIA

« CATIA Analysis is a natural extension to the
CATIA design workbenches.

» Fast design-analysis loop

 All analysis specifications are performed
directly on the CAD geometry.
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Generative Analysis

CATIA Analysis lets a designer be
a designer.

> Focus on the geometry, the
analysis will update with
changes

> Easily understand whether
design changes improve the
performance
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> Properly size the design, add
material only where it is needed.

3DS.COM/SIMULIA® Dassal

2 2 . :
YA DASSAULT | IFWE askthe right questions
13 DS S uULIA D_SS'-ISTEMES ‘ we can change the world.



Document_2012

3DS.COM/SIMULIA® Dassault Systemes | Confidential Information | 9/4/2012 | ref.: 3DS

The Power of Parameters

Easily compare design alternatives using parameters
and design tables

» (Geometric parameters

EA BottieDesignTablexts [Compatibility Mode] -ox
A 5 G o £ 3 ™ H
Lower Swirl Pitch Lower Swirl Fillet Lower Swirl Radius Bottle Thickness ~ Bottle  Mesh Size  Mesh Sag  Top Load
H m) mm! mm! m; Material (mm) (mm) {bn
* Materials - = E ” -
) 120 50 20 oes PET
o 120 50 20 072 PET a0
. PET 30
PET 0
PET a0
s 120 50 20 072 PET a0
s 120 50 20 072 PeT a0
« Mesh parameters f - e
PET 30
PET 0
20
a0 0 40 065 a0
* Loads

Knowledge-based optimization

 Built upon the knowledge-based
architecture

« CATIA Analysis lets designers take
advantage of automation through the
use of templates.

2 2 ‘ :
MW\ DASSAULT | IFWE askthe right questions
DS S ULIA DSS'-JSTEMES ‘ we can change the world.




Document_2012

3DS.COM/SIMULIA® Dassault Systémes | Confidential Information | 9/4/2012 | ref.: 3DS

CATIA V5 Environment

Technology

Sophistication
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CATIA VS

Design Simulation for CATIA Usérs

Abaqus for
CATIA V5
Advanced
Simulation

ATH/ANL
Nonlinear &
Thermal
Simulation

CATIA V5 Analysis

Industry Standard for
Advanced Simulation

Abaqus

Isight
Design Exploration
& Optimization

Designer

“Hybrid”

A

Vi

CAE Specialist
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What is Abaqus for CATIA V57

» End-to-end Abaqus modeler
fully integrated in CATIA V5

> Preprocessing
> Job submission and monitoring
> Postprocessing

» Take advantage of the power
of Abaqus and CATIA V5

> CATIAVS:
Intuitive modeling of complex /""
assemblies : ,

> Abaqus: LeCReli%ak

Powerful analysis tools for linear
and nonlinear FEA
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What is Abaqus for CATIA V57

» AFC allows the user to:
> Define an Abaqus model within CATIA V5
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> Submit and monitor an Abaqus job within CATIA V5
> Read and post-process the results of an Abaqus analysis within CATIA V5

Define geometry
and constraints

zs

CATIA

Define Abaqus
simulation model

Ve

Post-process results
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__QFC Q_,rOutput database (.odb)

 Monitor _

progress

Run Analysis
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What is Abaqus for CATIA V57

Seamless transfer between design and analysis
> Integrated in development process
> Abaqus model fully associative with the geometry
> Design changes analysis automatically updates
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What is Abaqus for CATIA V57

2
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» Scalability of complexity
available within CATIA V5
> Design engineer and specialist can

use the same FEA tools within CATIA
V5

> Specialists can use the same models
e and enhance for their own purposes
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Familiar CATIA Framework

» Two ABAQUS workbenches

> Structural analysis
> Thermal analysis

» Reuse and enhancement of
CATIA definitions
> Assembly constraints
> Material library

> Specification tree: Same
.CATAnalysis document

» Bolt loading
» CATIA virtual parts
» Contact surfaces

2
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File Edik Wiew

Skark
-lnFrastructure

Mechanical Design

Inserk Tools wimd o Help

1 ProductZ. CaTProduck
Isf 2 bolthenkoul ,  analysis

_fh; ABSOQUS Struckural Analysis

iiﬁ ABAQUS Thermal analysis

1 balthenkoul . Analysis
2 ProductZ. CaTProduck
3 Copy (7)o, Park

4 Panel Test. .Product

5 Extrusion. CATARSlwsis

Exit
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Functionality Overview
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Functionality Overview

» AFC extends analysis capabilities when
linear analysis tools are not enough
> Nonlinear material properties
> Large deformation analysis
> Finite sliding and intermittent contact
> Explicit Dynamics
» AFC extends analysis capabilities to
iInclude non-structural capabilities
> Heat transfer analysis
> Sequential thermal-stress analysis

» AFC extends the CATIA V5 environment
to a broader range of real-world
applications
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Nonlinear Analysis Highlights

» Contact
> Finite sliding
> Friction

 Pin.2)

- €6 (Strap. 1,Pin.2)
Contact connection Enhoncement k3 Il cchanical connection sehovior Surfce contact 7 (S, 1,
Mame: Contact Connection Enhancement-1 Mame: Mechanical Connection Behavior-2 9}&59(553}9_1’5)0&-{)
EAS Contack Connection: | Contact Connection Properky., 1 Deseription: %ECIG (&rap--{,ﬁ)ﬁ!:j')
Connection Behavior: Mechanical Connection Behawior-1 Tangential Behavior I Mormal Behavior | "écemnac”_; (Stra, 7
5 - L . ’ 0.1 Foot
Sliding Farmulation: g Finike sliding 2! Small sliding Friction: Frickion LI .‘fa'enm_‘rﬁ(mﬁ 1P -I)
More == I Friction coefficient: 0.z ECD{M;QJ; vy J’?..U
[ apply user subroutine by . @SE‘I/S-&ER‘U
o ﬂﬂh] Mé'rfage,-
7 .
am - oK I & Cancel | ections. 1
@ or | & cancel | W%!yﬂg Cmﬂernbn 1
a— — m“”é‘ﬂ’ﬂs Connection, ;-
T Al '
Connectioy, >
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Nonlinear Analysis Highlights

» Contact
> Finite sliding
> Friction

» Materials
> Plasticity, Hyperelasticity
> Temperature dependence

2
25 SIMULIA

Properties E

Current selection @ [Aluminium

Analysis I Rendering I Inheritance | ABACILS Properties |Dr.§ 4|p

— #awailable Options 7”—Selected options

-

S Elasticity

= Plasticity

A Density

S Thermal Conductivity
A Specific Heat

S Coefficient of Thermal Expansion

Thermal Conduckivity
Specific Heak
Zoefficient of Thermal Expansion

— Plasticity

A Use temperature-dependent data

Stressih_mZ) I Skrain I Temperaturedkdeg) I
Be+007 o 293
Se+007 0,125 293
1.13e+003 0.25 293
1.24e+008 0.375 293
1.33e+003 0.s 293
1.65e+003 1 293
1.66e+005 2 293
Add I Delete I
Import daka From File:
| Diusersihaanv0S_demoplasticProps. Exk PECpen

|

I =©l

& oK

=
l & Apply l - Cancel] Help ]
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Nonlinear Analysis Highlights

» Contact
> Finite sliding
> Friction
» Materials
> Plasticity, Hyperelasticity
> Temperature dependence

» Transient heat transfer
> Surface film conditions
> Gap thermal conductance

2
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Filmn Condition

Mame  |[Heated Fluid

Support [1 surface
Film Coefficients

'd Use temperature-dependent data

Add I Delete I

Import data From File:

Feference sink temperature I Okdeg

== Less I
—

Zoefficienty k... | Temperakturedkd. .. I
1] 293
95,12 457
S44.26 B0z
599,65 Glz

Sink Temperature ws Time
@ Use default (Ramp)
) Selected amplitude

Film Coefficient ws Time
’; Use default (Instanktaneous)

) Selected amplitude

Thermal Connection Behavior

Mame:

|Thermal Connection Behawvior-1

Descripkion: |

Gap Conductance |

4 Use kemperature-dependent data

Add I Delete I

Import data From File:

Conduckancelwy_ kKde. .. | Clearance(mnm | Awg. Temperature(kdeqg) |
o.1zz ] Z93
o.114 0.z 293
0.0 0.5 Z93
o.z219 [u] 3z20
o.z210 0.2 320
u] 0.5 320

& ok | @ cancel |
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Nonlinear Analysis Highlights

» Contact
> Finite sliding
> Friction

» Materials

> Plasticity, Hyperelasticity
> Temperature dependence
» Transient heat transfer
> Gap thermal conductance
> Surface film conditions
» Loads and boundary conditions
> Time domain amplitude support

2
2S simuLIA

=4

Tabular Amplitudes I EA I
Marne: ITabuIar Amplitude-1
Tirme Span: IStep Time vI
Time(s) I Amplitude I
a u}
a.oo0z 0.3
0.125 .7
0.235 1.6
0,347 1.2
0.435 0.6
0.523 .1
061z 0.5
0.657 0.5
0,952 1.4
Add l Deleke I

Import dakta From File:

| =

II. - 0K ¥ Cancel I
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Nonlinear Analysis Highlights

>

Contact

> Finite sliding

> Friction

Materials

> Plasticity, Hyperelasticity

> Temperature dependence
Transient heat transfer

> Gap thermal conductance

> Surface film conditions

Loads and boundary conditions
> Time domain amplitude support
Geometric nonlinearity

> Large rotations

> Stress stiffening
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e |

General Static Step

Skep name

Skatic Skep-1

Step description

— Basic Step Data

Skep Eime I 1=

Monlinear geomekry (1 ofF
@ on

— Incrementation Controls
Incremenktation tyvpe

Initial increment size

Mimimum increment size

Maximum increment size

=

¢

-
1

Aukarnakic

Fixed

Maxirnum nurmber of increments' 100

||:|.

1=

=5
| 1e-005s

Ils

More == I
—

- oK I a‘CanceI]
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Explicit dynamics

Abaqus/Explicit in AFC
» High speed dynamics
» Quasi-static analysis
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Reused CATIA Methods

» Meshing
» Publications
» Templates

» Knowledgeware

> Design Tables

>

S S

ogiiea
=

» Postprocessing
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DesignTable

lame :  [DesignTable.2

I Activity |

’ﬂjesugn Table Properties
i
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[ Line | Part3\PartBodyiPa... | PartBody|\EdgeFillst.6Y... | *Lower Swirl Devi |
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A [ B [ c I
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1 |ch” {(mm]) 12VRadius (mm) Radius. 10BM0\Radiu = —
80 4 45438
oo
> Sade
£t

2

yZ

DASSAULT ‘
SYUSTEMES

—— . (51.746)

—

23,76 Mmdh

IF WE ask the right questions
we can change the world.




Abaqus for CATIA VS

Summary

SDEXPERIENCE

SDnssnu:_T IFWE ok the ightauestio
LD SUSTEMES | wecan change the world



| Confidential Information | 9/4/2012 | ref.: 3DS_Document_2012

3DS.COM/SIMULIA® Dassault Systémes

Abaqus for CATIA V5 - Summary

» Integrated nonlinear FEA for CATIA V5
» Easy access from within the environment of CATIA V5
» Combines Abaqus functionality and CATIA V5 PLM

» Used by non-FEA specialists
> Application focused user interface
> Robust workflows
> Complete solution, not just an input-file writer

» And also:

Advanced input-file writer for Abaqus experts !!
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V6 Architecture

Lifelike Experience

Search-Based Applications

Governance

Global Sourcing -

IP Lifecycle Management
- AN

Connection to the extended enterprise |

Systems
2D to 3D

v ﬂ)for Professionals !lliduql Product

Design

Authoring Applications
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4 Pillars of Realistic Simulation

Integration

Simulation integral within
business processes

Managed
Associative

Collaborative

2
2SS simuLIA

Technology

Leading Innovative simulation
technologies

Multiphysics
Performance

Quality

Workflow

Deploy best practices with full

traceability

.
M

L

—¢
L

Integrate & Manage
Automate

Optimize

LS

Open
Ecosystem

Expand and enrich simulation
solutions on the Version6
platform

ﬁS!J

Integral
Interoperable

Extend
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Ve FS|On6 DesignSight ExSight
lab] fol i N Guided simulation workflows for designers Multiphysics simulation environment for specialists
Scalable portfolio configurable . : L .
for aD” tubes of usegrs Enable simulation driven design through an Comprehensive suite of applications to simulate
P intuitive interface that guides users through the products virtually through realistic multi-physics
simulation process without requiring extensive conditions
simulation experience Best-in-Class Modeling Results visualization
Static Stress Methods Thermal Methods Multi-physics Scenarios

Frequency Methods

Simulation IP Management

Improve simulation data and process quality
Manage and secure simulation IP throughout its lifecycle with full traceability

Process Capture Optimization Collaborate & Share
Automation Execution
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DesignSight | Overview

[ Guided workflows

Statics methods
Frequency methods
Thermal methods

[ Natural extension of design experience

Integrated with design to virtually
explore design alternatives.
Automatic management of
simulations

[ Ease of use - requires little knowledge of FEA methods

Advanced analysis technology handled
automatically with continuous interactive
assistance provided to aide the user
through simulation setup

2
2S simuLIA

[ Leverages proven Abaqus technology

Model and simulate the realistic
behavior of products while fostering
collaboration between designers and
specialists

[ High performance technology

Leverage HPC resources for rapid
turnaround of large models. Results
visualization leverages the latest in high
performance visualization
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ExSight | Overview

[ Seamless Integration with CATIA V6

Rapidly iterate design
modifications with associative
simulation features

[ Capabilities for experts

o Leverage Abaqus technology for high-
[ Built-in management of simulation IP -‘ end multiphysics simulation
Manage and organize simulation - :‘ i
data throughout its lifecycle with full @j [ High performance for large models &
g e

traceability

Model Complality

High performance visualization
environment for results display

[ Comprehensive meshing toolset

Flexible toolset for 1D, surface and
volume meshing
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