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CAR Webinar
Altair Agenda

* Altair Automotive Overview
Lars Fredriksson

» Designing more efficient e-Motors
Lars Fredriksson

« Extending Vehicle Range / Lightweighting
Lars Fredriksson

* Crash and Safety
Jean Michel Terrier

Lars Fredriksson Jean Michel Terrier

VP — Simulation-Driven Innovation VP — Business Development RADIOSS
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ALTAIR AUTOMOTIVE OVERVIEW
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Altair

¥ Nasdaq

il

Founded 1985 8loffices $396 100+

: . : Software products under our unique,
Headquartered in Troy, MI US in 25 countries 2018 Revenue patented licensing model

Engineers, scientists and creative thinkers Customer installations globally
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Broad Portfolio of Comprehensive Solutions
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Simulation-Driven Design

Simulation-driven
Design

Product Design
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Altair Solver Technology for Automotive

SimSolid

Meshless Structural
Analysis

Crash Durability
Safety q Vibrations
Blast RADIOSS OptiStruct |
Gravity Structural Explicit Structural Implicit Buckling
Springback Heat Transfer

AcuSolve

. nanoFluidX
Inspire ACTIVATE ultraFluidX

Manufacturing Systems ElectroFlo
CFD and Thermal

FEKO MotionSolve
FLUX Multi-body

. Dynamics
Electromagnetics
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Altair Optimization Technology

OptiStruct HyperStudy Hyperstudy
Linear Optimization DOE / Nonlinear
Optimization / MDO Exp|°re
. ’
Study,

Optimize.
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Altair Products and Solutions for e-Mobility

Crash
Noise & Vibration & Safety

Ride & Handling/ New Key Systems:

Lightweighting mRUrability Traction Motor
7""‘: Battery

Power Electronics - Inverter

System Modeling and Control
e-Motor & o

Drivetrain_| J4°

Challenges:

Packaging and Weight

Distribution
Energy New Requirements & Physics
Efficiency Complex System

EMC/EMI Connectivity
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Products and Solutions for Simulation-Driven Design

Solver Technology Optimization

SimSolid Pre

Meshless Structural

Single Solver
Physics [ @uilg4lile)))
Post

RADIOSS OptiStruct

Structural Explicit Structural Implicit

OptiStruct HyperStudy

Linear DOE / Nonlinear
ACUISZIOIYdeX Optimization Optimization /
. nanorlul MDO
Inspire ACTIVATE ultraFluidX Pre

Manufacturin Systems | |
g y o . Solver 1
Mult Solver 2

FEKO MotionSolve PhySICS SOIVer 3

FLUX Multi-body Dynamics
Post

Electromagnetics

uoneziwndo
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Common Theme for many Altair E-mobility Solutions?

4”“‘, : —
------ 4@} : Consistent and holistic Setup
ﬂ O of Multiphysics Problems

Multi-Physics
Design Exploration &
. QL .
Optimization of e-Powertrains
Optimization/Exploration
Efficient Solutions and highly
_ =P automatic Processes for
Process/Automation e-Powertrain Design
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DESIGNING MORE EFFICIENT E-MOTORS
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E-MOTOR Multiphysics at Altair

Efficiency

5 » ‘
o

Light Weighting of
. Permanent Magnets
*  Rotor Structure

*  Housing

« Covers

Stiffness /

.Md”"‘i"'g:-"""\“'ﬂlu

L

Lo 1 8

—s=e Thermal ‘_ Strength /
" Durability
Magnetic
=1 Acoustic
= 7 System / ;
- Control -J Acoustics

Vibrations
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The generic Multiphysics Design Process
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Responses

Gengrlc Geometry/FE-Model
Design Instance Generator
Process
Size/Shape
DV Engine
Design
Variable
(DV) Values

Scenario / Working Point Data
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E-Motor Multiphysics Solution — Optimization-Centered

OptiStruct Activate

Structural / Noise Systems
Simulation

FLUX HyperStudy AcuSolve

Electromagnetics Optimization Fluid / Thermal

FLUXMotor External
Electromagnetics Solvers
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E-Motor Multiphysics Solution — Optimization-Centered

FLUX HyperStudy

Electromagnetics Optimization

FLUXMotor

Electromagnetics
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E-Motor Multiphysics Solution — Optimization-Centered

Multiphysics Design Process

Optistruct M HyperStudy ]

Structural / Noise
Geometric parameters Shape variables
\ '
X Mechanical
[ Stator update in Flux ] mesh update 3
FLUX HyperStudy

. Stator update
Electromagnetics Optimization [ EM analysis and in HM
Forces computation
& Frequency 0
Extract EM Response Analysis
performances

[ Extract ERP

L |
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E-Motor Multiphysics Solution — Optimization-Centered

OptiStruct _ Activate

Structura! / Noise Systems
T Simulation

FLUX HyperStudy AcuSolve

Electromagnetics Optimization Fluid / Thermal

FLUXMotor External
Electromagnetics Solvers
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E-Motor Multiphysics Solution — Optimization-Centered

Electromagnetics

FLUXMotor

Electromagnetics

OptiStruct

Structurai / Noise Systems

Activate

Simulation

AcuSolve
Fluid / Thermal

HyperStudy

Optimization

External
Solvers

The Optimization Tool is the center of the Process

E-Motor Director

>

EM

Specialist ]

[

Cooling Structure NVH Integration
Specialist Specialist Specialist Specialist

}

I

[

EM Data

/

! }
= (8]

E-Motor Director

Create / Modify View Results

2

Multiphysics Design Exploration / Optimization Feedback

Process built as a Session File to HyperStudy
Automation of process potentially realized through ,E-Motor Director”
Complete flexibility of Design Study Content
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GENERAL DEFINITION OF STUDY CONTENT

Working
Point 2

@ \Working
! Point 3

7/

—~
-

=> Export to Batch Script ) ALTAIR
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COMMON GEOMETRY & DESIGN VARIABLE DEFINITION

Geometry & Design Variables Design Range
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EXAMPLE RUN THROUGH OF SETUP PROCESS

Check Design Variables (DVs

|

1.

P o
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EXTENDING VEHICLE RANGE / LIGHT WEIGHTING
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AUTOMOTIVE LIGHTWEIGHTING STRATEGIES

I
2012

Past <«

Material
Lightweighting

Shape
Lightweighting

A material is changed
for a material with less
density or higher
specific performance

Load-optimized shape
under consideration of
material performance

Production
Lightweighting

New or special
production and joining
technologies enable a

better utlization of better
material and / or shape

|
2018 ===y Future

Concept
Lightweighting

Integrated
Lightweighting

Consideration of all
available lightweighting
technologies in an
integrated development
process

Change of conceptual
layout and change of
load carrying strategies

Simulation
Driven
Design
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Tool & PROCESS FOCUSED SIMULATION-DRIVEN DESIGN

SIMULATION-DRIVEN DESIGN

Part & Systems based
SIMULATION-DRIVEN DESIGN

Direct Integration with Design

Tool focused
J\ ALTAIR



Altair Solver Technology

SimSolid

Meshless Structural
Analysis

Crash Durability
Safety - Vibrations
Blast RADIOSS OptiStruct |

Gravity Structural Explicit Structural Implicit Buckling

Springback Heat Transfer

AcuSolve

. nanoFluidX
Inspire ACTIVATE ultraFluidX

Manufacturing Systems ElectroFlo
CFD and Thermal

FEKO MotionSolve

FLUX Multi-body

. Dynamics
Electromagnetics
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Lightweighting of Solid Components using Inspire

QeTHEad

Zo o J\ ALTAIR



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Tool & PROCESS FOCUSED SIMULATION-DRIVEN DESIGN

SIMULATION-DRIVEN DESIGN

Body, Platform & Architecture based
SIMULATION-DRIVEN DESIGN

Indirect Integration with Design

Process focused
A ALTAIR
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Macro Solutions / Processes for Automotive Lightweighting

Altair C123 Altair MDO
DOE/ MDO enabled Development

Multi-disciplinary Optimization
in Series Development

c
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©
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Driven Proceses for
Structures

Altair Optimization Center
Strategic and systematic Optimization integrated with Product Development

Feasibility

Concept Development
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Product Development
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Altair C123

Free-Size

Topology Grade Value Eng.
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Altair MDO
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MDO Process Execution Time Line
-

~N

Baseline Body

4 Study Preparation

-

NVH equivalent

NVH global ey
sti’rfnegss , <~ p; m\) static stiffness
N e \
/ >
- = , NVH acoustic

~

/

) (Targets/DV Bounds)

o

Meta Model
Generation

4 Optimization )

* Import of Models

» Synchronization

+ Definition of N DVs X @

+ Definition of Resp. e
\- Setup of DOE ) % Side crash Rear crash Y. \_ 1/ ( Validation )

<
XN number of samples . *-Xkg Body Mass
P StUdy Result: * Improved Design Balance
J \ J
| | |
Preprocessing Execute DOE Post-

ALTAIR
processing o
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Concept Light Weighting at Altair
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