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About Altair
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8,000+ Customers Worldwide

Automotive Aerospace Financial Services Government Heavy Equipment
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Today‘s Products are Complex

Connected & Automated

Transportation OEM need sustainable
technologies to meet customer demands:

Safer, Lighter, Greener,
Smarter venicles



Product Validation

Crash Simulation

Computer Simulation

25k Elements

75k Elements

250k Elements

3M Elements

+20M Elements
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SIMULATION-DRIVEN DESIGN — AN OVERVIEW

Physical Testing

Computer
Simulation

Simulation-driven
Design
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ALTAIR FOCUS TECHNOLOGY

Product Design

2D CAD &
Manual Design
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SIMULATION DRIVEN INNOVATION

Exhaustive Design Model Based Multiphysics Powerful Modeling Cloud Collaboration &
Exploration Optimization & Visualization Data Intelligence

High Performance Computing

Value-based Business Model
Global Expertise
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SOLUTIONS TO THE CHALLENGES OF BODY ARCHITECTURE

Increase Design Maturity in Concept Phase

Balance Design for Cost, Weight and Performance

e Provide Efficient Platforms for Design Exploration
@ Enable Culture of Innovation and Engagement Model

Design Maturity
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Lead Time Reduction through Multidisciplinary Optimization )
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TIME OF DEVELOPMENT
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SIMULATION-DRIVEN DESIGN & LIGHT WEIGHTING PROCESSES

System / Topology / Parameter Models
DOE / Meta-model centered Development Support
(2 G > MDO centered Development Support
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Altair Simulation
Driven Proceses

Def. of Package, Load Path Load Path Maturing Concept Multi-disciplinary Optimization
Loads, Targets.... Identification Dimensioning Joining, BoM, BoP in Series Development

Development Timeline

Feasibility
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Concept Development

OEM Process
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Product Development \



C123 — Simulation Driven Concept Design Support

Identification of Optimum Structural Rapid Optimum Sizing of Idealized Detailed Optimum Sizing of
Layout using Free Form Models Sections & Joints using Low Fidelity Manufacturable Sections & Joints
Models using High Fidelity Models
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Altair

DESIGN THE
DIFFERENCE™
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MULTI-DISCIPLINARY OPTIMIZATION — GENERAL OVERVIEW

MDO Process Execution Time Line

) ‘ Y ( Metamodel ) ( Targets / DV Bounds )

Generation D

4 Optimization )

Baseline Body

Study Preparation

« Import of Models
 Synchronization

* Definition of DVs

« Definition of Resp.

@

( Validation )

*  Setup of DOE . \_
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.+ -XkgBody Mass
\StUdy Result: « Improved Design Balance
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Preprocessing Execute DOE Postprocessing ’ )



Multi Model Strategy — EV Battery Tray Development

Sub Problem 1 Sub Problem 2 Complete Problem
Model 1 : Vehicle Load Cases Model 2 : Battery Load Cases Multi Objective Optimization Problem
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Venn Diagram

‘________—_—_—_—_—_—_—_—__\

____________N‘

Design Space: BiwW { Design Space: Battery Box ‘

| I:
| |I
\ \ l’ \

Ve e e e e e e -

I [ Vehicle Loads & Constraints ] [ Battery Box Loads & Constraints ]

Altair

DESIGN THE
DIFFERENCE™




EV Battery Tray Development

. C2: Maturing & Trade-Off
CL: Conceptual studies

Battery Box alone

longated rearwards

Battery frame mass

Profile 2 20 .
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Ferrari I 00 O Altair

T
CONCEP
CARS &
HOME

Ferrari, Altair product
platform
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Maximilian Szwaj
Director Innovation at
Ferrari
speaking at the 2014
European ATC about Altair’s
implementation of the C123
optimization process.

HyperWorks optimization technology to minimize the mass of Ferrari’s new vehicle variants




,Direct Integration of
— Optimization and CAD
: necessary“

“Less Weight due to
better Concept”

“Higher Maturity”

Thomas Spoida

Development Engineer
at Daimler

speaking at the 2016
Automotive Circle — Simulation
Conference about Integration
of the Altair C123 process

Altair support early concept development at Daimler using Simulation Driven Design
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“Additive manufacturing releases us
from constraints and unlocks the
creativity of engineers.”

Damien Lemasson, Project Manager, Renault Trucks
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TAKEAWAYS

Altair’s Innovative Simulation Driven Design
Process increases your confidence on lead time

reduction
« Farly and permanent focus on weight as @
development attribute
Balanced
Design

« Active management of the design balance

* Increased maturity of design

Performance

« More informed design decisions Ve
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Thank You

Richard Yen
sry@altair.com D Altair



