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ESI conducts the first ever
car crash simulation
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Mission & Vision
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ESI’'s Mission

Deliver Virtual Prototyping
solutions that improve industrial
product development

ESI’s Vision

Be the leader in Virtual
Prototyping thanks to a unique
knowledge in material physics
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The Story of ESI

THE STORY FIRST CRASH TEST VIRTUAL NYSE EURONEXT
BEGINS ON FULL CAR MANUFACTURING ES| ES! enters the NYSE
ESI founded; expert First Volkswagen Polo Added to the ESI portfolio: Euronext Paris
in physics of materials - Casting NYSE  stock market
- Sheet Metal Forming EURGNEXE
- Welding ISO 9001-2000 CERTIFICATION
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The Story of ESI

EXPANSION INTO ENTRY INTO VIRTUAL EMBRACING OPEN MAKE IT SMART
MULTI-DOMAIN REALITYv SOURCE

SIMULATION ESI acquires IC.IDO ESI acquires OpenCFD, the ESI makes prototypes smart by

- NVH | makers of OpenFOAM integrating acquisitions in Systems
- Durability Engineering, Cloud Computing,

- Vibro-Acoustics Data Analytics and Machine

. Comfort Learning
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ESI Group

.

More than 40 countri .subsidiaries 1200 people 140ME€ revenues

REVENUE: 17 YEARS
CONTINUOUS GROWTH
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Venture with BIAM Framework agreement Multi-year collaboration
:group) with Renault agreement with Astrium
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Sectorial diversification — To Whom do we Sell

Industries
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http://www.istockphoto.com/stock-illustration-6597215-car.php?st=febf9af

Virtual Prototyping MODEL
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Virtual Prototyping Delivers Exponential Benefits

Moving from inert to intelligent and autonomous

“\\“\“‘ rE

MAKE PROTOTYPES

REPLACE SMART

PROTOTYPES
REPLACE TESTS N ) & 6 &
CONDUCT DESIGN % *
CHECKS
*
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Introduction
A bit of history

1973: Company creation: ESI France

Alain de Rouvray,
PhD UC Berkeley

Eberhard Haug,

Jacques Dubois,
PhD UC Berkeley

PhD UC Berkeley

e
N/ 1984 - Volkswagen Polo study
, ?\yll (5000 elements)

1990 - Audi (25.000 elements)
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Livermore FD school
(contact)
Berkeley FE school

PAM-STAMP
(1988)

(solids)
Chica(gc: Fﬁ sichool PAM-SAFE
shells
otc. (1987)
PAM-CRASH PAM-CSM VPS (2008)
EFHYD3D * (1983) * PAM-SOLID (2002) #. Explicit Solution
(1978) New contact algorithms (1995) single source Implicit Solution
Timestep control..... code single source code

2001 - Audi (500.000 elements)

PAM-SHOCK DMP
(1991) (1996)

State of the Art - ODB Frontal Crash Simulation
2014 - Skoda Superb

Airbags with FPM

Model Size — 1000 x 5555 elements

SKODA

Deformable barrier
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Introduction
Model Size and CPU Time history
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“ 3000000 Me —
é 2000000
32 1000000
1997 2001 2003 2012 2015
B N. Elements| 5555 100000 | 600000 | 650000 | 3500000 | 5555000
m CPU Time 168 48 49 7 12 12
m N. CPU 1 1 4 8 48 96
| /\ 2001 > 2003 > 2012 > 2015
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Single Core Model of VPS L/} | VRTUAL PERFORMANCE
VPS description

« Multiple Modelling technics
» Linear and Non Linear Static with contact
* Creep analysis
Implicit Transient Dynamic
Explicit Transient Dynamic ot Crash &
» Modal Responses | | WS
« Eigenmodes " :
« Harmonic and Transient Response

» Thermo-Mechanical Loading —— N stiffness&

Misuse cases

One Executable

« Modern Architecture Enabling

» Effective High Performance Computation (HPC)

*  Workstations and HPC Clusters

* Full native Distributed Memory Processing for all physics . L
» Multi Stage Capacity for chaining Engineering

* Bolt Preloading

*  Spring back
» Full Manufacturing to performance chaining

« Casting, stamping and welding effects can be considered.

* Manufacturing of composite materials effects can be considered.
» Python Interface

get it right“-" WWW.esi-group.com
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Single Core Model of VPS CJi

Type of solutions

« Explicit-based solutions

> PAM-CRASH

> PAM-SAFE
> PAM-MEDYSA
> PAM-SHOCK

Linear and non-linear materials,
large displacements

Safety systems + human models
Non-linear Dynamics
High velocity impact

« Implicit-based solutions

> PAM-STATICS
> PAM-NVH

» PAM-ACOUSTICS

CJi
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Linear and non-linear materials,
large displacements

Eigen-mode Extraction, Harmonic
and Transient Analyses

Interior acoustics,
Porous Elastic Materials

VIRTUAL PERFORMANMCE
SOLUTION
Performance

‘ Solution

One
Executable

Virtual

enabling
congurient
engineqring

N
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Single Core Model of VPS
Efficient solution, breaking silos between engineering teams

Manufacturing
Sensitivity

‘-‘N Single Core Model

* Nodes &
Implicit Load Cases * Elements Explicit Load Cases

¢ Parts
* Header Controls ¢ Header Controls

; * Materials i
. Lo.a.d case (.enwronn.wgnt « Connections (spot-weld, glue) . Lo.a.d case gnwronn_wgnt
. In|t|a.l Ioadlng.c.ond|t|ons - « Constraints (mechanism) ‘ . In|t|a.I Ioadlng.c.ondltlons
* Loading conditions « Auxiliary entities (frames) * Loading conditions

e Barriers, Poles, ...
e Dummies

Q VPS Solver

get it right“" WWW.esi-group.com




Single Core Model of VPS
Reliable results with manufacturing effects Full Performances

assessment

— Composite Forming ‘
Available Manufacturing Fibers ormntﬁ:

‘ e
= ) amping
| Process scattering
Process Database |
@ >

Casting
Process Database

" NVH&

-’ amping .
P ACOUSticS Durability

= 1
-
rocess Data

el Composite Forming

......

__Assembly. process Database
Database |

Assembly type Decision Making
Choice Including Manufacturing
@ constraints
A4 TR I
Process defects

J
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Fluid-Structure interaction \/

.

Connectivity Check

- .

Gravity Loading

Single Core Model of VPS
Typical load cases

Bumper thermal and cre

One Single Core
Model

v

Frontal Crash

eﬁ \/ BIW roof test BIW Eigen Torsion Stiffness and NVH \/
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HEV/EV Design, Developement & Validation
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Electrified Powertrain
Concept of the hybrid framework

[ Signals input ] [ Parameters input }

Driving environment

— Elevation profile

— Driving resistance (air, rolling)
— El. and mech. power losses
— Temperature

Driver operations
— Dynamics (speed, torque)
— Comfort (air conditioning ...)

Ecological footprint
— Energy conservation (fossil & el.)
— CO, emission

Energy consumption & management
— Electric energy (electricity costs)
— Mechanical energy (fuel Costs)

{Library modules interaction] [ Post-processing }
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Electrified Powertrains
Structure of models

Example of a parallel hybrid vehicle:

— The electric machine acts as a motor or a generator.
— The ICE accelerates the vehicle and charges the battery through the generator.

5 driver drivingCycle . . ..

.r S ™ busGenerator — Signals: driving cycle...
operationStrategyParallel g * . )
O o - ' oy | — CONtroller: driver, operating
O e strategy, transmission control ...

[ Braking
: set gear:

Transmission
Control

— Powertrain: ICE, clutch, transmission,
frictionBrake driveline, brake ...

| 054L  o|rpmrigidClutch trnsGSpeed
engine vehicle

— Power Net: battery, electric machine,

converter, el. load ...
WWw.esi-group.com

[ grpm
electricMotor

Model structure of a parallel hybrid vehicle

Physical
Level
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Electrified Powertrains
Control Level

Operation Strategy Driver/Driving Cycle Bus Signals

busGenerator
Speeds o
O IcE Motor Torque MGI ICE  MG2 ] Driving [ |CE Start t a
L7 ICE + Gen. [ oNm U El Braking [ Driving & ~
[J Electric [ Recuperation [J Comb. Brake. [ ICE Braking g
L] Braking — L] Braking U Braking - busMonitor

[JEngine on

Define how ICE and EM work together! Define driver behavior and No intensive wiring in the model!
profile of the test cycle!

drivingCyclevset

Velocity vehicley
| | |
EMactive | EMand/oriCE |  EMand/orICE | EMand/or Brake 120 T T
| active | active | active km/h i i 1 \
» ® @ g I S P e e e o e
| | !
! T T W@ e ] .
3 Waiting Starting | Accelerate | Constant speed \ Braking [ [ S SRR M I 4 )
$ T | ! | i i ' I
3 oo ! : ol ] L 1 U A N I )
2 \ ! . ‘ . |
2 5 3 20 : : h h :
] i | I
> \ ) | s
[ 200 400 600 800 1000 1200
Time
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Electrified Powertrains
Physical Level

Internal combustion engine Electric machine Battery Vehicle, Transmissions,
Brakes, ...

interactions! controlled AC/DC machines! .
— aging models!

[

>

()

-

S From equivalent

Q From map-based models to From map-based models or L . . . .

=) ) ) o . circuits to combined From simple functional behaviour to
mechanical component equivalent circuits to inverter . o .

téc electric, thermal & longitudinal dynamics!
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Power Balance
Sankey diagram

Diagram to show the flow variables with arrows

Currently limited to 3 variables (arrows) in 1 diagram

Ratio of the 3 values affect the thickness of the arrows in the diagram
Suitable for power/energy or other flow variable visualizations

Emitted Energy

Input Energy

= ERES
Datei Bearbeit inzufil nalyse  Dar ?

en  Ansicht Hinzuflgen  Ar rstellung  Fenster
#ocQ - Bl @ -

Stored Energy
Lost Energy
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rlos Ribeiro
count Manager ESI-HISP

Direct: +34 91 484 02 56 — Cell: +54 :+34 914840255

e-mail: carlos.ribeiro@esi-group.com

CJi

get it right®

WWW.esi-group.com

Copyright © ESI Group, 2017. All rights reserved.


mailto:crb@esi-group.com

