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Traditional Product Development Process
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Simulation-Driven Product Development Process
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Pervasive simulation is continuous simulation with all physics across

the entire lifecycle for all products DESIGN é_

i ,__..

GLOBAL ECOS YSTEM

Reduce development time 9X while
warranty costs 89% more likely to
decrease

IDEATION SESich
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PLATFORy MANUFACTURING ;f% 4

i3 &0

80% of costs locked in early in the
design phase

Reduce weight of part by 25%
through topology optimization and
additive manufacturing

IN PRODUCT

OPERATIONS —

fie., W.D
Reduce time needed to validate '
autonomous vehicles from 10,000

years to 2-3 years Increased performance with 10-20%

reduction in maintenance costs
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Detailed Product Design
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Every Engineer Will Use Simulation

Our Most Innovative Customers Are Rapidly Deploying Simulation

Past Present Future




Why do | need simulation?

Courtesy of Astrobotic
Technology Inc.

* Virtual experiments (Simulation-Driven Product
Development)

* Troubleshooting
e Optimisation (Make it better)

* Digital twin

Courtesy of
Red Bull Racing

Courtesy of Speedo
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Virtual Experiments

Drug particle distribution while inhaling Water hammer test at 60 bar
and exhaling

Wing ice build-up Valve closing simulation

Videos courtesy of CAMERON - Tom
Wheatley
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Troubleshooting

Troubleshoot poor performance
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Determine and correct causes of failure \ \

Assess severity of damage
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Optimisation

Shape optimisation to reduce pressure drop

a & 10 (meter]

Optimise antenna placement for best o
transmission s

Topology optimization and reverse
engineering
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What is a Simulation Based Digital Twin?

A Multi-Physics, Multi-Scale
(0D/1D/3D/Embedded software),
Simulator of an Industrial System in
service

That mirrors and reproduces its behavior

accurately

To propose:

* System validation and virtual integration

* System optimization

* Predictive maintenance and optimized
asset management
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How do | simulate?

Geometry j—

Courtesy of Astrobotic

Setup and solve

/
‘ Analyse results F
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Geometry Creation/Preparation ...

CoCreate’ Mﬂdeling '
Geometry import from both CAD and Ze 2

NX SIEMENS
neutral sources T s T—

T ——

Suspension model
imported from
SAT file

Native, bi-directional integration with all
major CAD systems

Valve assembly repaired and
internal flow volume created

Gear box with
advanced lighting
and shading

Quickly clean-up, repair and simplify
geometry for simulation

Extracted fluid volumes for flow simulation
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Meshing

Automated and user defined mesh
resolution based on engineering intent

Courtesy of Materialise
| | [

Tetrahedral mesh for stress analysis

Parallel mesh generation for tetrahedral i
and hexahedral meshing with inflation

Rapidly generate high quality meshes for
complex geometry
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Setup and solve

Apply boundary conditions to represent
interactions with external environment

Temperature in an
exhaust manifold

Pressure drop
through flow

trol val .
controtvarve Solve, taking advantage of parallel

computing and robust solvers.

Set material properties and physical models
to describe internal behavior

Current density, temperature and equivalent
stress in fuse element
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Analyse Results

Integrated post-processing and results
visualization for all physics

Contour plot of displacement magnitude

GPU and parallel CPU post-processing for
both qualitative and quantitative output

vectors

B2 i A

Create meaningful graphics to effectively
communicate simulation results

Isosurface of constant
Total Pressure
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Vibrations - Probabilistic

Stresses & deformations

Vibrations - Harmonic

NONLINEAR
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The Tools

Strength Analysis

Static Structural

How will the product perform?
Will it meet design guidelines?
What was the cause of failure?

Can the product performance be
improved?

Commonly sought Information

Meet design
Stresses/Strains | Factor of safety code
requirements

Deformed
shape
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The Tools

Vibration

Modal Analysis, Harmonic Response,
Response Spectrum, Random Vibration

What is the natural frequency?
Safe speed to operate at?

Behavior under oscillatory/random
loads?

Will it survive transportation loads or an
earthquake?

Commonly sought Information

Statistical
Vibration modes Srirerses/ S information,
and frequencies probability of
failure
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The Tools

Durability

Fatigue tool

What is the life of the product?

What is the remaining useful life?

B
Commonly sought Information

Warranty issues: Why did the product
fail?
Cycles to Factor of = Remaining

When to offer Fatigue tool vs nCode? . _
failure safety life
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The Tools

Multibody Dynamics

Transient Structural, RBD

Kinematic behavior (motion) of
assembly of components?

Sizing and alignment of joints, bearings,

gears etc.? , -
Gearbox noise? Commonly sought Information
Stresses in select individual components o
) loads i Consequence of = Noise, Vibration
in an assembly? Stress.e(:)si{];a >M 1 misalighment of = and Harshness

J parts (NVH)




AUTODYN-3D v6.0 from Century Dyhamics Material Location
" epis = o R

TNT

Rapid Events like Impact, Explosion, etc. |

Explicit Dynamics

grenade

Cycle 9500

Time 9.979E-002 ms

Units mm, mg, ms grenade fragmentation

What if the device is dropped?

What will be the consequence of impact between
bodies?

Consequence of catastrophic failure of parts?

Bodies subjected to explosive loads? 4

Commonly sought Information

Predict behavior during metal forming?

Stresses, Safe
loads and Failure modes operating
accelerations conditions

< 4
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What we do?

ANSYS designs, develops, markets and globally supports the worlds leading CAE
simulation software

A suite of multi-purpose software technologies for:

v Fluid Dynamics
v’ Structural Mechanics

= |Implicit
= Explicit

v Electromagnetics
=  High Frequency
. Low Frequency

v’ Semiconductors
\/Systems

®  Autonomous Driving Simulator

\/Optical Simulation
v Material Intelligence

O =

Structures Fluids

Semiconductors

/ \ ... \:\”///
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Systems Partner Network Optical

©

Embedded Software
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3D Design
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Why Pikes Peak?

* FIA Formula E — Strict regulations

* FIAeWRX-2021

e PPIHC — Almost no regulations

D PIONEE

WMOREN
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Pike’s Peak International Hill Climb is a tough motorsports challenge for proving
new technologies i L D

Summit
@ . . - - » Olympic
The Pikes Peak hill climb is one of the world’s most renowned car races. It Boulder Park
poses an enormous challenge and is therefore perfectly suited to proving the Upper Gravel Pt

PR Bottomless Pit

capabilities of upcoming technologies.

Devil's Playground |G

“Our electric racecar will be equipped with innovative battery and drive
Start of 4th Leg

Start of 3rd Leg

technology. The extreme stress test posed by Pikes Peak will give us NN
important feedback that will benefit future development, and it will showcase e oo Cove Creek
our products and their technologies.” Ragged Edge N
i ’ Map Legend Ek Pt Glen Cove
Sump
Altitude 10,900 ¢ (LT S.IB Below Glen Cove
Mile Marker Tin Barn
Heitman's Hill Gilly's Corner
Big Spring Grouse Hill
B Bush G 11 Mile Water Station
Blue Sky

Gaxyler's Straits

Halfway Picnic Grounds | XL

Engineers Corner
9 Mile

Horseshoe . (9)
Hansen's Corner

To Tollgate
8 Mile Pit Road

Crystal Work Road

Start Line _Eml

Garage--" ' ‘
Dam
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https://youtu.be/qFXkxv0cthw




New Record
19760 12.47 100 14775
First Race Miles Corners Foot Finish Line
75573148—{701kswa gen makes racing
history with record-breaking electric
. race car
> TWO e I e Ct rl C m Oto rs' fro nt a n d re a r . Electric power beats the internal combustion engine fair and square in major motorsport.

JONATHAN M. GITLIN - 6/29/2018, 7:30 AM

> Pure electric vehicle.

> Results: Won the race and beat the
record by full 15 seconds on June 24,
with help from ANSYS technology.
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Module ECM

Electrical ECM Model

Complete Pack Model

Battery ECM/Thermal Coupled Model

LTI ROM

Module Thermal ROM’

Module CFD
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Module Geometry

Thermal Model

ANSYS
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Step 1: Battery Cell ECM Identification

Rseries RT S RT L SOC=05
— 3.75
* L
» 3.70
W W "W
& 3.65
- [ ] Vi e 3.60
CT_S CT L = &
IBatt VOC - - 2
—_— & 3.55
t I I + 12 g
- o o 2 350
Ccapacity X -
. 3.45
—VW Test Data
3:40 ——ECM Predicted
- 3.35
Lo _lo 713050 713100 713150 713200 713250 713300
g 1 Time (sec)
ECM Rs-parameter Data Table x
> Th 6P II I I ECM H 'd 'f' d f HPPC d NumherufTﬂmperature Levels
e 6P cell leve is identified from ata.
Temperature (k)
. . [283.15 [293.15 |[303.15 |[313.15 [323.15 |[333.15 |
» The ECM is a function of both SOC and temperature. -
[0.05 | [0.0020111  [o.00202065  [[0.00137233  |[0.00115555  |[c.0o0ssees  |[o.000s41s |
[0.145 | [0.0026266  |[0.00187087  |[0.00135748  |[0.0010351  |[c.00087727  |[o.00077078 |
u
11S0C Values [0.24 | [o.00247438  |[o.00177512  |[o.00128562  |[o.oooseye  [[o.00084237  [[o.00074075 |
[033s | [0.00244005  |[0.00169528  [[0.00122835  |[0.00098923  |[o.00080749  |[0.00073051 |
n 6 temperature Va|ueS. [043 | [0.00238004  |[0.00162385  |[0.00121198  |[0.00095926  |[0.00081125  |[0.00072964 |
[os25 | [o.0023611  [o.00162854  [[0.00110555  |[0.00002065  |[c.0o0s1z24 |[o.0007izzz |
[0.62 | [0.00232357  |[0.0015855  |[0.00118284  |[0.00004931  |[c.0o0sor72 |[o.0007izar |
L] Zd Iookup ta ble IS Created for the 6 para meters. [o715 | [0.00227823  |[0.00157045  [[0.00116318  |[0.00004571  |[c.00072044  |[o.0007127 |
[0.61 | [o.00224739  |[o.00157999  |[0.o0113688  |[0.000s3052  [[0.00077881  [[0.00071883 |
. . [0.905 | [0.00228518  |[0.00158663  |[0.00111703  |[0.00001738  |[0.00077547  |[0.00069606 |
u 4P ECM (1RC pall") IS a|SO Supported. 1 | [0.00224205  |[o.00158s2  |[o.0011452  [[o.0008963  [[0.00078815 | [0.00072 |

2d lookup table for Rs
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Step 2: Battery Module ECM

Simplorgrd Simplorgra Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd
cellt celld cellT cell2s cell2d celldi celldg
A = A A = A = A A = A
E— +f— é— + E— +f— é— +f— é— +f— E— +f— é— +
P2 P2 P2 P2 P2 P2 P2
-B - -B -b - -B -b
Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd
celi2 cellld celllg cell2é cellzd celld2 cells)
P2 A P2 A P2 A P2 A ] A ] A P2 A
+E— + + +E— + + +E—
FZ FZ FZ FZ FZ FZ FZ
- B - B - B - B - B - B - B
Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd
cal cell cellls cell2? cell2s celldd celis
P2 A P2 A P2 A P2 A P2 A P2 A P2 A
+ ;_P"‘ + ;_P"‘ + :_P"‘ + ;_P"‘ + :_P"‘ + :_P"‘ + ;_P"‘
'z 'z 'z 'z 'z 'z 'z
-g -5 -B -g -5 -B -5
Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd
celid celli2 cell2d cellz8 cell2é celldd cells2
il
P2 A P2 A P2 A P2 A ] A ] A P2 A
+E— B + B + g B +E— + g + g +E— -
P2 P2 P2 P2 P2 P2 P2 + N
-k -5 -B -5 -5 -B -5
Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd G) 1z C)
cells cellid cell21 cellZs cell2T celds cellsd =
P2 A P2 A P2 A P2 A P2 A P2 A P2 A
+B— + — + — +B— + — + — +B—
P2 P2 P2 P2 P2 P2 P2
-B -B -B -B -B -B -B
Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd
celf cellid cellz2 cell2d cellZe celds celisd
P2 A P2 A P2 A P2 A ] A ] A P2 A
+H— + + +H— + + +E—
P2 P2 P2 P2 P2 P2 P2
-k -5 -B -5 -5 -B -5
Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd
(== cellls cellzd cell2 cell2s celdT cellss
P2 A P2 A P2 A P2 A ] A P2 A P2 A
+B— B + EH— + B +B— B + + +B—
FZ FZ FZ FZ FZ FZ FZ
-B -B -B -B -B -B -B
Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd Simplorgrd
celig celllé cell2d cellz2 celdd celds cellsg
P2 A P2 A P2 A P2 A ] A ] A P2 A
+— + EH— +p— B +— +p— +p— +—
P2 P2 P2 P2 P2 P2 P2
B - g -| B e - g -| - B

> Cells are connected in serial for the module ECM.

> A sub-circuit is created for each cell ECM for easier connection.




Step 3: Battery Module CFD Analysis

6240 +01
5850 +01
5466 +01
5070 +01
4686401
429640

3900461
351e+01

3.12e+01
H 2.73e+01
2.34e+01
1.95e+01

1.56e+01
1.17e+01
7.81e+00
3.90e +00

il
| .}jwi‘;\“\wn\w'%ﬂ,

08e+0
3.08¢+02

3.082+02

3.070402

307402

3.060402

3.062+02

3.052402

3.05¢+02

3.042402

3.0de+02

3.03e+02

3.030402

3.020402 ] [
3.020402 ] =

307402

3010402

3.002+02

3.002+02

Mesh size is 67 million with 10 million solid




Step 4: Battery Thermal LTI ROM Extraction

CFD/FEA solving CFD/FEA solving

ROM simulation

m
ROM solwng

Stage 1

ROM Generation Process

Stage 2




B A
ROM Results Validation

309

308

307

306

305

304

303

Temperature (K)

302

301 ——cell01 (CFD) ——cell28 (CFD) =——cell56 (CFD)

300 m Cell01 (ROM) o cell28 (ROM) 4 cell56 (ROM)

299
0 2000 4000 6000 8000 10000 12000 14000

Time (sec)

» While the ROM gives similar results as CFD, it runs orders of magnitude faster.

-
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Step 5: Battery ECM Coupled with Thermal LTI ROM for Module

Parameters - Thermal_ROM_SML1 - Thermal_ROM_SML =
: Froperties | Qutput / Display |
Name emal ROM SML ¥ Show
i~ Properties
MName | Value | Un'rtsl Description ~
P SimulatorMode! Themal _ROM_SML Chosen Simulation Mc

Input01_cellll battery_ecm_2nd1 heat_output
Input02_celll2 battery_ecm_2nd2 heat_output
Input03_cellD3 battery_ecm_2nd3 heat_output
InputD4_celll4 battery_ecm_2nd4 heat_output
Input05_celll5 battery_ecm_2nd5 heat_output
| InputD6_cellD6 battery_ecm_2nd6 heat_output

N =
] =
- ROM heat source is from ECM
] x
o _i LTI RO M Properties | Output / Display
som ,E Name |battery_ecm_2nd50 ¥ Show
E r Properties
= LT T T LT T T LT :,_,: Tude T T LT T UL Name I Value I Un'rtsI Description
SimulatorModel battery_ecm - arch_battery_ecm Chosen Simulation
e 93600
i inttial_soc 1
: t_input Thermal_ROM_SML1.Output50_cell50
» The ECM is two-way coupled with the thermal LTI ROM.

0K | Cancel |
ECM temp. is from the ROM




Model

Step 6: Full Battery Pack

FEEVETRERLERRVRA RN

One module

Anode_Pack Cathode_Pack
- X LT X L. Module Module Module Module
Module Modulel Module2 Module3
Anode_M : |_Module  Anode_| _Module Module
Eight modules

( ) Module Module Module Module
Module4 Module5 Module6 Module7

Anode_M(@ | Module  Anode_M _Module  Anode_Mq g Module  Anode_f g

» From the module we can create a battery pack of 8 modules connected in 2P4S.

» This allows to quickly find the best pack arrangement and perform simulation such as power
balance between module and cell and complete Battery Thermal Management simulation




Battery Integration into Vehicle Simulation
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I Thank you



ANSYS - Career Opportunities

Vacancies exist worldwide in software development and a range of engineering
disciplines.

All roles are advertised on the ANSYS careers website: www.ansys.com/careers

In the UK there are ANSYS offices at:
 Abingdon
e Cambridge
 Daresbury
e Horsham

e Sheffield

ANSYS provides a competitive salary and an excellent benefits package.



http://www.ansys.com/careers

