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WSS ANSYS: World’s Largest Simulation Community
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WSS Our Focus: engineering simulation

ANSYS is dedicated exclusively to engineering simulation and is the
world's leading software provider. Product innovators in the most

demanding markets have trusted us for over 40 years.

“One of the things that we really pride ourselves in is creating
\ | | I innovative products. We’re a world leader in most of our markets and
| ]' I 9 o 0
B ——:%r;-.“:":;_. = ,\/ 7 so to stay there, we really need to keep cutting-edge innovation. We
W/ | : \’ i use tools like ANSYS to really help us do that.”
' 7 1) I, Gste
5 AWIIeS 0
& ”o' o o [ S5 “.i"\d\u

Tom Chimner

Eaton Corporate

3 © 2011 ANSYS, Inc. September 25,
2014



Our Products Overview: Leaders in the Field

ANSYS provides market-leading depth and breadth of capabilities in one
discipline, while allowing for integrated simulation across all disciplines

SYSTEMS

ANSYS Simplorer ANSYS SCADE ANSYS HPC
ANSYS Engineering Knowledge Manager ~ ANSYS DesignXplorer

Structures

ANSYS HFSS
ANSYS Maxwell
ANSYS Designer
ANSYS RedHawk

4 © 2011 ANSYS, Inc. September 25,
2014



IS Our Balance: Europe Americas

5

34%

Geography & Industry*

34%

Consolidated Company
Geographic Revenue

Asia
32%

Academic
6%

Aerospace & Defense
14%

Materials & Chemical

Processing
10%
Percent of Net Sales
Industrial Revenue by Industry
Equipment

8%

BioMedical
2%
Energy and CleanTech

9% Construction
Consumer Products 2%

2%

© 2014 ANSYS, Inc. September 25, 2014 ANSYS Confidential



Our Customer: Top Automotive Companies

6

Toyota
General Motors
Volkswagen
Ford

Hyundai

PSA

BMW

Honda

Renault

Tata Motors
SAIC

Volvo

Chrysler

© 2011 ANSYS, Inc.
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ANSYS in China

R&D >=32

AE  >=7 shanghai:
R&D >=25
AE >=15
Sales >=7

@ ANSYS Office ’

@ ANSYS R&D Center

shenzhen:
R&D >=5

7
' AE >=2

Sales >=2

_ Chanel Partner/Peral

7 © 2011 ANSYS, Inc. September 25,
2014



IIS® EV/HEV Customers in China
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Applications in HEV/EV

/////

/| High Power Cable, \

9 ere Harness o > &
« ] Traction Motor

Inverter:
Power Electronics

Mechanical Coupling of Drive Shaft

Controller N ANy e = = Battery Pack

S Sensors Actuators
and Busbars

9 © 2011 ANSYS, Inc. September 25,
2014
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ANSYS Themal,
Simplorer, Q3D

&> RMxprt/MaxweII

/] 03D, HFSS,

/4 Slmplorer
/

-
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NWSYSE Power Source

Power W
Source J

12

e Electrical chemistry
e Life, SEI

e Electric circuit model

e System performance

e Thermal Management

e Thermal run-away.

e Mechanical Abuse

© 2011 ANSYS, Inc. September 25,
2014




WSS Newman’s 1D Electrochemistry Model
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Electrochemical Kinetics
Solid-State Li Transport
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Simplorer Results Newman’s Results

[1] X. Hu, S. Stanton, L. Cai, R.E. White, J. Power Sources 214, 40-50, 2012.
[2] X. Hu, S. Stanton, L. Cai, R.E. White, J. Power Sources 218, 212-220, 2012.
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Battery Equivalent Circuit Model AND
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X. Hu, L. Collins, S. Stanton, S. Jiang, "A Model Parameter Identification Method for Battery Applications", SAE 2013-01-1529.




Battery Thermal Management : A GM Battery
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X. Hu, S. Lin, S. Stanton, W. Lian, “A Foster Network Thermal Model for HEV/EV Battery Modeling,” IEEE TRANSACTIONS ON
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GM Battery Module — ECM Coupled with ROMs

» ECM calculates heat source and sends it to the two ROMs.
» LTI ROM calculates average temperature and sends it to ECM.

» SVD ROM calculates temperature distribution.

e osstt

npu01_cel

SVD ROM

s

CONST

consT
- o
- o

akdbdk

"y EE

i‘ , (H %

kb

IRENERE

ﬁ]ﬁ ﬁ jl LTI ROM
=1
E-a{mﬁ
E-‘m
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Power Electronics: IGBT

Power
Electronics

High Power System Design Concept
* Electro-Thermal Model: Average and Dynamic
* Package Thermal Model Extracted from CFD

Mechanical Stress Analysis
* Thermal Stress
* Electromagnetic Forces

EMC/EMI Analysis

* Parameter Extraction: R, L, C, G

* Radiated Emissions — Full Wave Effects

17 © 2011 ANSYS, Inc. September 25,
2014



Component Level Modeling ALSTOM

Example of EMC/EMI Oriented Model design developed at Alstom *

_—_—_J

IGBT Module

State Space Design and Couplings IGBT Model | Far Field Study I
Extraction Model I

B e e e e - - e e = = ]

 Tridimensional IGBT pack model and EM study
« State space extraction
IGBT circuit model

» Far Field Study for Electric Field EM

* Emmanuel Batista, Vincent Delafosse, «Simulating
EMC/EMI Effects for High Power Inverter Systems »,
Ansoft Inspiring Engineering, 2008

Electromagnetic
(EM) study

18 © 2011 ANSYS, Inc. September 25,
2014



3—-Phase Inverter 3D Simulation FAIRCHILD.

3-Phase inverter power module
Thermal—-fluid analysis within Workbench
Model includes many details

Solving conjugate heat & mass transfer

19 © 2011 ANSYS, Inc. September 25,
2014
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WSS ROM Generation Process FAIRCHILD.

System step response ROM Extraction ROM

* Frequency Domain :
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Y 4
ROM vs. 3D Analysis FAIRCHILD.

ROM (Ideal HS) versus 3D Step Response Test
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Multiphysics Modeling ALSTOM

Workbench enables a seamless 3D coupling flow.

Schéma de projet

- -
1 A 1 W Thermique stationnaire = Skruckure skakique
2 | & Geometry 2 Q Connées makériau Y e Q Données makériaux "
3 Setup w 3 Eamétrie W g ZEamettie v 4
4 | JF solution %j"r @ Modile v JFPE—m+ @ modile v 4
Fépartition Courant 30 S ﬁ. Configurakion v ‘—/—i = ﬁ, Configuration v
] Solution v 4 & Siolution v 4
7 @ Résultats F ., 7 @ Résultats v 4
—=8 [5d Paramétres g |[pd Parametres -
Température Busbar Deformation Cuivre Bushar
h A [m]

| [pd Ensemble de paramétres

A parameter Analysis is used to determine what insulation material is needed to
achieve a maximum displacement level

22 © 2011 ANSYS, Inc. September 25,
2014



Multiphysics Modeling ALSTOM

Maxwell 3D simulation: Current Calculation
= |nput: average current that is computed in the system simulation in Simplorer
= Qutput: Ohmic losses are calculated based on the volumic current calculations.
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Multiphysics Modeling ALSTOM

Static Thermal Module of ANSYS: Temperature distributions

Heat Flux on Copper parts Maximum temperature on Copper parts

24 © 2011 ANSYS, Inc. September 25,
2014



Multiphysics Modeling ALSTOM

Static Thermal Module of ANSYS: Temperature distributions

Insulation part Temperatures Phase Conductors Temperatures

25 © 2011 ANSYS, Inc. September 25,
2014
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EMI/EMC: Automatic L,R,C Extraction and
Network Model

3 s AN

The structure is meshed
using automatic and
adaptive meshing

Passl Typel # Tﬂanghl Delkak I DeﬂaLI

1 C 11558 I A RS

2 C 15269 42828 MAA

3 b4 20267 2E8E7  MAA

4 ) 27011 25257 B1143

B b4 il e [3ER8Y 20524
27 © 2011 ANSYS, Inc. September 25,

2014



Automotive EMI/EMC is a System Issue

28 © 2011 ANSYS, Inc. September 25,

2014



Electric Machine Design

Electric “ Mechanical
Machine Component

Coupled Electromagnetic and Thermal Solution
Detailed Transient Analysis

Coupled with Drive Electronics

29 © 2011 ANSYS, Inc. September 25,
2014



Technology: Yesterday vs. Today

1980’s DC Machine used for Military Aircraft

Size: 6.25in X11.0in
Weight: 70 lbs

Rated Power: 13.4kW
Rated Torque: “100Nm

2004 Toyota Prius
Interior Permanent Magnet Machine

Outer Diameter: 6.315 in
Stack Length: 3.29 in
Weight: 22.5 |bs

Rated Power: 50kW
Rated Torque: 400Nm

Smaller, Lighter, More Powerful, More Advanced Controls

30 © 2011 ANSYS, Inc. September 25,
2014



Electromagnetic Design and Optimization

Exactly simulating and optimizing the transient performance of EM on
normal or fault conditions, such as start, variable load, short circuit.

Create Geometry: Stator Core —
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Automatic coupling Design Flow for
Electric Machine EM, Vibration, Acoustic

m 7 ii iﬁl i § § EM Force ‘||

EM Force
Mapplng

l

Harmonics ‘ =ap Acoustic

Electromagnetic
Magnetic Field

‘ﬁ/ Sltesia)
2 visreom

Structural Dynamics

Acoustic Field
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BLDC motor FEA Coupled with Simplorer
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34

Electric Machines Design Toolkit
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Design Speed Improvement: Distributed Solver

Option
16X Speedup in ANSYS Maxwell DSO on A gﬂi;d;iﬁ“””
32-Core High-Performance Compute Farm General Motors Corporation
Doubles Traction Motor Design Productivity
at General Motors
X
Cpt]l’f‘l]’lﬂi’ the design of traction matcrs used ta drwh electric vehicles (EVs)

wree o] [ERBE| 0B |

Microsgft“ ’J " J/U ! !ndO\IN§/)I(EA
Windows e

Let computers work 24/7, freelng engmeers tlme for
other important tasks

Parametric vafiations: 1296

Solve time, one processor: 13 Hr 15 min

Solve time, distributed, 48 COREs: 18.4 min

Speed improvement: 43.3X

e G N s e e e e
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WSS Electric Drivetrain Power Flow

Power Power “ Electric “ Mechanical
[ Source J Electromcs Machine Component

Control

36 © 2011 ANSYS, Inc. September 25,
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ANSYS Simplorer Differentiation

. . B Logic Electrical  Magnetic i Mechanical Hydraulic
Unmatched versatility for E/E Systems Simulation e eeen SR
SCADE 1 o L EbeTENpem Ly g j:iszl % 5 I Ol
Standard modeling languages, mixed digital and analog solver technolog)| .. ? r ‘] 7B e 7 e P l ,
and standard co-simulation interfaces for simulation of electrical, e —
|Sd'lme ‘ Source ‘ };Egr\l#ndel spring and massp épn’ng Spater, B-am:ping Mass P;Iessure sources, Variable Oriface

electronics and embedded software systems.

T =Vi(pr) =0,
A0 19 s+ BB) =~ L pu—L v Adheres to physical laws
1 0y 1 Behind every modeling component is a corresponding
+ EV'[(E +p" W —(B-v)B]= — E—pvVO+ conservation law which ensures real-world physics are being
respected.
8_B—lvyfn¥ RY = —ER

3D precision when you need it
Co-simulation with 3D solvers and reduced order modeling
(ROM) captures complex multi-physics interactions when
precise system verification is required.

—
‘—:O-_‘;::S

Leader in power electronics simulation Lx %
Rich modeling libraries and design automation designed especially for high @ @ E @ E% \L@
performance power electronics and electromechanical simulation. & % I @ A @ 5
EE R
B \ \ ‘

37 © 2011 ANSYS, Inc. September 25,
2014



Embedded Software

IGBT ROM

Fluent ROM

\ IGBT based inverter with thermal pins

Battery ROM

38 © 2011 ANSYS, Inc. September 25,
2014

Electric Motor

ROM

Speed Sensor
ROM
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a Simplorer 2014 includes the full
VDA-FAT AK30 VHDL-AMS Library

» 500+ Models for automotive/controls
» Data driven, mostly lookup-table models with dynamics
» Includes custom Simplorer symbols

- Boardnet
2m + ¥
Component Manager L Tx
Battery = = —
<], temp=20 =
t

battery - Favorites
I:}i—c’“ el 2 —LD_ -4 Most Recently Used
- load_resistance o = i
power_load_values PRy ki -2 SlmplorgrEIements
trfile="1astprofil.aat” SimulatorModel=Sifnplorer Elements\VC --Z7 Basic Elements
®tle_1

G- X3 Basic Elements VHDLAMS
A - Digital Elements
am » 79 HEV VHDLAMS
0.5m 0.2 Manufacturers
s P '%D -3 Multiphysics
oen Lamb -2 Toals
] i E-£3 VDALibs VHDLAMS

-2 automotive_vda

t generator_cf x
EOU tiufile="generatorkennfeld dat Qvi{:' e s example_boardnet
g leen -0 example_ecar
B gen_drehzahi pwi_temp -3 fundamentals_vda
e s trfile="generatordrehzahl.dat times={0.0,1400.0} N
= - B values={25.0.80.0) -3 hybrid_eme_vda
= B “‘”‘“I: = mgen| -1 megma
nArAm P B~ 3 £ modelica_rotational
[ Jihetor -3 modelica_thermal
cufrent_load -2 modelica_translational
wnatie @3 spice2vhd
e

JIQEUS
g0l 132
H Elay]

— _ | & bjt_npn
BL : : I & bjt_pnp
E 3 o po :
] e | & dioden
& al ffet_njf
; | loadt 0. @ jfet_pjf
u uout
. vout

mosfet_nmos

; ® mosfet_nmos
@ mosfet_pmos

ot
L -4 Project Compo
? a ﬁ = L E Simplorerl @ mostetinmos

mosfet_nmos

DCAC inverter =

Components

40 © 2011 ANSYS, Inc. September 25,

2014



New VHDL-AMS HEV/EV Drive library allows
easy prototyping of automotive systems
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Co-Simulation capabilities with any Modelica
or FMI-based Tool
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_ FMI Support allows exporting models from
Modelica tools to Simplorer
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ROM, Co-Simulation Capability
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ANSYS Provides a Global Solution
for HEV Development
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ASESE Summary

» In-depth physics for components.

» Coupled physics for interaction of
components.

»> System level simulation possible with
Simplorer.
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NWSHSHE Announcement

» Automotive Simulation World Congress
(ASWC)

Automotive Simulation
World Congress

October 9-10 « Tokyo, Japan

Addressing Increasing Vehicle Complexity with Comprehensive System Simulation
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