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CADLM - Transforming data into intelligence \ ODYSSEE

Explore new industrial horizons

“CADLM accelerates product design and development via real-time parametric simulations with
_our optimization, machine learning and Al tools”

ODYSSEE - - Explore new industrial horizons

\ Optimal Decision Support System for Engineering and Expertise

* Al & Data Mining

» Machine Learning <+— | Engineenng
. services
* Model Reduction *
* Optimization
* Risk and reliability . Simulations
* Robustness | » Training
ODYSSEE

Customizations N
2 applications
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Which came first: Data or Computing ? "M% ODYSSEE

Explore new industrial horizons

Machine Learning (ML) with CAE will greatly impact ' DE 1A METHODE
the product development process. . Pourbien conduite araifon, X chercher

]a verité dansJesfciences.
.Pru:s

LA DIOPTRIQVE
Focus Areas: LES METEORES.

LT

« Creating Predictive Models with Machine Learning ' a‘j;”iﬁﬁ?iﬁfg“-o
Dl LRnlts cele ETHODE.

» Avoid long, complex and costly (pre/solve/post)
simulation process.

- Simulation can provide the training data

« Support Controller / Sensor Learning providing

A Lxyos

additional training data De Mimprimerieds L4 My n s
: : : Anee Priwilege.

* Will replace the costly analysis process. 3 R

* Enable the creation of autonomous systems. s

C"H-DLrﬁ ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Our solutions aim at COST reduction "% ODYSSEE

Explore new industrial horizons

Customers’ problems (COST)
« Computing (HW/SW, CPU, Energy, ...)

« Optimization (lterations, curse of dimensionality, precision of surrogate models,, parametric
studies, stochastics)

- Simulation (Model size and complexity, Multi-physics, multi-scale, encapsulation, model transfer
without loss of confidentiality)

« Time (Real-time, pre/post automation, animations, etc.)

Our Applications
1. Real-Time predictive modeling and optimization (CAE or test data)
2. Image , Sound & Sensors compression, identification, learning, prediction

3. Fault prediction (Sensor data)

f;'ﬁ'ﬁfm ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Our Technology Positioning "™ ODYSSEE

Explore new industrial horizons

Simulation (CAE)

High fidelity / High cost

Fusion

ODYSSEE

&‘g

Low generalization/
High Customization
Machine

Data Intensive
Modelling Learning




Our Added Value Raises with Design Complexity \ ODYSSEE

Explore new industrial horizons

F_'..ubust Optimization Quasar
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E _Biscuvery q@ﬂt i
£ . - /
f o We star here
E » Process Discovery
z Complexity Management
g «° 9('*%
E Entropy-based Design *6
= A
§ e o® 1
a ' sl

Reliability based design

, Nova
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ODYSSEE Full Package

LUNAR
Model Reduction &
Optimization .. ODYSSEE is a modular package:
— | Quasar %
Machine Learning E@@@@ "Equation factory and data -

mining

Data fusion & model

reduction
NOVA Nova %

Optimization Model optimization &
. DOE

* QuasarOnline,
PULSAR, ...

c"ﬂD"uﬁ ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Current Design process \ ODYSSEE

Explore new industrial horizons

OUTPUT »

A\ 4

Decision
Soeomery | popries B touing

FE process l i i

Parameters, RESDONSES
Variables CAD |4 MODEL SOLVER [+ oF

Y
A X

v
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Why LUNAR? "% ODYSSEE

Explore new industrial horizons

10 100 1000

= = =

X F(X) X F(X) X\ F(X)

* Parametric Studies * Optimization * Reliability Studies Computing Cost

A

before

* Trial and error * Model Fitting * Robustness

— Varjable
All require numerous solver runs After

Fix g

lteration

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Lunar for real-time parametric studies

"M% ODYSSEE

Explore new industrial horizons

Materials

i

Geometry Loadlngs

%« 1

Model parameters may be simple or complex

Ea

Topology/layout

Form/Mesh Assemblies

Design Parameters

DOE based data collection

Model Order Reduction (ROM) + ML

Database of experiments . ROM techniques

and/or simulation

New parameters to test

! Lunar

Data fusion & model reduction

|

Results in real time

Parameter A

&8

Parameter B

Design parameters

Parameter A

.\',(() Parameter A
Y(t)

Vit (1)
Yt [

v, e {

- Parameter B - LUl :
Q 1 @
o |Yl?
® vz o

Parameter B

New design points to predict

Temporal results

——
cADLM
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- Lunar

Data fusion & model reduction

S ooy, Semt L g s
@J i}ﬁ@ Reduced Order Modelling (ROM) and Real-Time
Gl -—._ﬁi? — E .. .

,E?; &/ﬁ/@% Optimization

kD .E-E? %k 2 i (:::lfg:!!
@ﬂg@%ﬁ . ODYSSEE / QUASAR/ NOVA)




Lunar exploits ROM

Lunar is based on Model Order Reduction techniques
May predict temporal & static responses
May predict bifurcation and non-linear response

Note:
« ROMis not aresponse surface method

A response surface uses polynomial or other
interpolation functions as « a-priori » applied to
scalars (temporal responses are treated as scalars ->
long and non repeatable: needs to be re-done for
every prediction)

ROM predicts complete time responses and is
based on physical modes of behavior

Prédiction des réponses temporelle

a:']'ﬁ'[’m ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



"M% ODYSSEE Expected Real-time output

Explore new industrial horizons

Time responses in real time Optimization and parameter fitting

Interpolation

Interpotation YN Response curves | Modal content | Aniiabion

initial

Optimize

Chest daflstion )

o
Lunar
Data fusion & model reduction

Objective

s
00108999 ' 00325377 00548083 | 0.0778082 ' 0.0888371 0.115683 | 0.1349 01513
time

Population studies (corridors) Sensitivity analysis of parameter effects Real-time animations

Interpolation rarameters cffect | S SaHs
| nResponse curves | odalcontent | Animation | - [T [ tiodal content | Animation |
o &
&
10 =
£ 4
=
=
20 e =2
S
8
o
a0 s
e -2
2
prs 2
'5"' 3 :
o 4
00108999 00378977 ' 00568983 00778992 0098EST1 0116898 ' 01549~ 0.1b19 ; :
time SlopeA SlopeB Coeff
1t e tme : 0.099558
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"™ ODYSSEE

Explore new industrial horizons

Advantages

Real-time computing

e Zero-computing effort for parametric studies and
optimization

e Corridors & Population generation (statistics)
* Parameter effects

* DOFE’s

Software and physics independent

e Works with Structural, Thermal, CFD, Acoustics (Ls-
dyna, Radioss, pam-crash, MSC Nastran, Marc, Adams,
Cradle CFD, Actran)

Automation/Parser
e Automatic post-preprocessing and rating

e Multi-channel

Reduces CAE computing effort
e Allows for a few, wisely selected sampling points
e Adaptive learning that allows you to improve as you learn

Precision & completeness

e Full time history output (not only scalars)

® Physical domain decomposition and not fitting (it is NOT a
Response Surface Method!)

Can produce 3D animations
e No interpolations but reconstructions
e Stress/displacement iso-value reconstruction

Evaluation tools included
e Quality of parameters ¢ Quality of DOE
* Best method for your application

——
cADLM
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CADLM offer (AlI/ML/ROM based optimization) \\g ODYSSEE

Explore new industrial horizons

Aerodynamics

Aeroacoustics

Battery
Crash
Electric
F— ‘ Ergonomics
ﬁ;?—\rs . Exhaust
e >
3 Fuel tank
Heat
- Impact
SINS Noise
N
PN Egiﬁg Safety
= | SANS i
i SAns R ,_ Stamping
ol i @
SR Strength
. y 5 a Styling
T Tires

base (acar_

Vibroacoustic

ODYSSEE : Atrtificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Sub-system encapsulation (*.k include)

1-CADLM-FEM+SPRING(ROM)-2.5-185-7 2-CADLM-FEM-2.5-165-7
Time = 0 Time = 0

Pt

CADLM - global mode! - mmims/kg/GPa/KN.mm

e FEM +Dring([ROM)
Forcews dispiacemert

thickness :2.33 mm; mass RW:300. kg; velocity RW:7.22 mm/ms L

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Quasar-IsDyna coupling

Element Calculation At every (selected) cycle

Input nodal velocities
output internal forces

*DEFINE_QUASAR_COUPLING *DEFINE

*DEFINE_QUASAR_COUPLING

Purpose: Define LS-DYNA node/node set that interacts with Cadlm’s QUASAR ROM model
Each coupling needs to have its own keyword card and will not accept multiple entries.

l : Card 1 1 2 3 4 5 6 7 8
Variable | NODE | TYPE | ROMID PID |PTYPE| IOPT CID |EX_ND
External force (load/contact) QUASAR Type o 1 ,
Input internal nodal forces
. Card 2 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8
calculate accelerations
. Variable FILENAME1
output nodal accelerations
Type A80
i 4
Constraints ) | cads| 1 | 2 [ s [ 4 [ s ] 6] 7] s
Input nodal accelerations | - CLENAVER
update nodal accelerations | pe .
Output updated nodal acceleration |
| Optional card for user defined constants. Eight floating point per card until reach next keyword
| (2 [+ [ s s[7]
I Card 4 1 2 3 4 5 6 7 8
Calculate nodal positions - e iobres oo
P Update nodal position varet! Veraes = nears
Input nodal accelerations, Calculate . § .
Update nodal accelerations at share ype

A 4

velocities, calculate displacement,

. nodes
output position

f;'ﬁ'ﬁ[’m ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



*QUASAR Keyword

DYNA-QUASAR coupling

 Motivation

— Want to reduce calculation time by utilizing ODYSSEE
1. Cut out only the parts you want to evaluate from the full car

possible to the end.
model

2. Boundary characteristics are predicted using ODYSSEE * The calculation speed was also

greatly improved and could be
reduced to 3 times the target value.

* The calculation stability is greatly
improved, and the calculation is

2012 TOYOTA CAMRY (CCSA V5a) b0
%0 FE .
I [ b Y e e ot sec./cycle
§30 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, “_|Total |Quasar Dyna
N B v S S B FY2019 | 13.49 13.48 0.01
FY2020 0.05] 0.03] 0.02
%0 30 7 60 9% 120 150 (I;I}e 3'Fun
Displacement [mm] FE) 0.02 0.01 0.01
1 Courtesy of JSOL

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Rubber joint (Is-dyna) — Material Nonlinearity

"% ODYSSEE

Explore new industrial horizons

Comparison FEM response versus Lunar Response
2

CADLM - rubber compression
Time = 0

—_ Llunar:1s ... FEM: 21 minutes
15 runs, 3 parameters Output Channel
Mass => X1 Displacement at extremity of joint =>
Y1

Mooney Rivlin parameters => X2, X3

CADUM

Elapsed Time

FE = 21 minutes
LUNAR =1 sec



Ball impact with rupture (Is-dyna) "™ ODYSSEE

Explore new industrial horizons

CADLM - ball impact - T-mm-s-N-MPa
Time = 0

—— Lunar:1s seeeees FEM : 1 minute

15 runs, 4 parameters Output Channel Elapsed Time
Position X,Y => X1, X2 Contact force => Y1 FE = 1 minute
Ball speed at impact => X3 LUNAR =1 sec

Impact angle => X4

CADUM



Plate flexion (Influence Lines) "™ ODYSSEE

Explore new industrial horizons

(1)
5 A % |:> Influence Lines
e Displacement d(t)?

»
»

L=1000mm

2 model parameters
Plate thickness => X1
Mobile support distance=> X2

Output channels: \

displacement-time over the complete b
spatial domain => Y1 T

15 DOE

runs 1 minutes / simulation 1 second

c‘h"mrﬁ ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Plate flexion (Influence Lines) "N ODYSSEE

Explore new industrial horizons

[® Lunar v20.1 - exemple-fiexion, Fes
Files Export Help

1-Project 2-Initialisation 3-Solver 4-Load files 5-Interpolation 6-Sensibility

Variable set file (X) : plexemple 1-flexion-planche/X-23cas.csv
Reduced model ~
Result function set fie (Y) : p/exemple1-flexion-planche ¥-23cas.csv

[E] New varible set file (M) : :mple1-flexion planche/XN-4castests.csv | Select | [Advancedoptions |  [Open working drectory] [ Displaylog fie Aduststep (%) L00 |+

Lunar

Data fusion & model reduction

Legend

o [F——") préditz cas 1 -base 23c2e
154 Vad [——") prédite cas 2 -base 23 c2s
[F——") prédite cas 3 - base 23 cze
[F———"] prédite cas + - base 23 cas
[F==="] &ements fins - cas 1
[F=="] ements fins - cas 2
[F==="] &ements fins - cas 3
[F==="] &ements fins - cas 4
[ prédite cas 1 -base 15cas
[F——"] prédite cas 1 - base 15 cas
[F—J prédite cas 1 -base 15cas
[F—] prédite cas 1 -base 15cas

éplacement prédit

déplacement {mm)

0 L N}
&
- C =om
X~ L] L]
25 2 E L ] -
= T =
[l R
0
-| e =
. . . . . . . . ! ! ! ! ! ! : ! : ! ! ! ! e
H T H H H T H ¥ H 4 B i 2 b e s o T 5 5 2

step Graph settings

Interpolation finished.

e Lunar:1s —— Lunar:1s:iii: FEM : 1 minutes
— DOE B +® —— DOE = i

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com




Example — Rubber Compression Joint

CADLM - rubber compression
Time = 0

3 model parameters

Mass => X1

Mooney Rivlin parameters (A, B) =>
X2, X3

Output channels:
Displacement at extremity of joint => Y1

1300Eruns S

21 minutes / 1 second
simulation

a:'ﬁfm ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com




Rubber Joint Compression ™% oDysSEE

Explore new industrial horizons

Interpolation

Yl Response curves | Modal content | Animation

Legend
Comparison FEM response versus Lunar Response
s p P A p [——] nar responze =1
R =
2N E===)
6 ’:' \‘ [= == Femresponse 2
4 \
I' \\
%
144 "4
I"
/
12 "
1"
104

Displacement (mm)

1 2 3 4 5 3 7 8 9 10 n 12 13 14 15 16 17 18 19 20

index of recording steps Graph settings

Interpolation finished.

T

|J ,,n EEEEN

Data fusion & model reduction — Lunar:1s -»-»» FEM : 21 minutes

0

a1
Y

CADLM ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com




Example: Ball impact on plate ™ obyssee

Explore new industrial horizons

—
cADLM

CADLM - ball impact - T-mm-s-N-MPa
Time = [}

4 Model parameters:

Position X,Y => X1, X2
Ball speed at impact => X3
Impact angle => X4

Output Channel:
Contact force => Y1

15 DOE runs

1 minute / simulation

1 second

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Ball impact on plate

T —
cADLM

® o201 - eforc Ttest

1-Project Z-Initialisation

3-Solver 4-Load files S-Interpolation 6-Sensibility
(O e=wn o et Sekct |
[Reduced mogel ~. P Uy
Rest uncion set e 1) 1 e ot P
‘H New vanabie set fl ON) : recuat_rcforcy séect | [Advncedapwns | [Open warking drectory) Dusplay g fle Aduststo(%): 100 5

Prediction of rupture

CADLM - fexior
10000 4 Tene. npleas

i
o0 | U“"‘\‘\H
1
-
2 W
'z om %
h
b\
Al
)
i L
’\'.\
\
\|
\-
"\
Wb == =
: 1 = : - = = : = = = = =
Step
aepolion rhed

"% ODYSSEE

Explore new industrial horizons

L]

@ Lunar

Dota fusion & model reduction

Legend

| Presicted testatfuith s

[==="] Fem-testauin faiure)

[Tl
[ tmporturve | [cioar mported arver
Graph settings

—— Lunar: 1s ===== EEM : 1 minute

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Pole impact of composite bumper panel

| cADLM - bumper impact

sl Model parameters:
Fiber orientations in:
= Layer1: X1
= Layer 2: X2
= Layer 3: X3
= Layer 4: X4

output channel:
Y : Bumper deceleration

6 hours/ simulation 1 second

15 DOE runs

a:'ﬁfm ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Crash composite bumper panel

Interpolation

YN Response curves

Modal content | Animation

Comparison FEM response versus LUNAR response

Legend
LUNAR response 1
LUNAR respanse #2
FEM response #1

FEM response #2

=
=
E==-)
E==-]

1 o~ T,
) T
i b
169 ] )
r )
] [}
] [}
' )
ol 1 [} N
] -t S
i KX i S
[ 5 \‘ b '
[ ’ '
! o s
1 4
12 7 \ .\
[ J
o ' ¥ s
£ 1 R ~
H 0 ) A,
£ '
= H ) KN
)
2 H ' oW
g 1 2 g K
s H . G U
H F . 4 i
g 08 - S L R
© e’ !
P y X
s [ )
£ | .
\
2 05 N
J )
L 1
[}
LI\
1 [ A o~
04 DR v, -
r3 v {\- o4 " K - o
o ey ) + o - -
4 ’ PR Y .
TR N Q /4, o . . 4
IR 2 A I g g s
024 LW o ) N E 5% e =’ ~. S vt =
R £ ek D1
vt = Meud
[ Doplayalamves | [ Hdedlaves |
" T T y T T T r r T T T T T — | [ Importarves | [ Cear imported curves |
13 2 39 52 65 78 91 104 17 130 143 156 169 182 195
index of recording steps [ showbaseaurves | [ Graphsetings |
Interpolation finished.
EEEEN .
-=:2x FEM : 6 hours

- |unar: 1s

Lunar

Data fusion & model reduction

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Example - Fluid blood flow model

"% ODYSSEE

Explore new industrial horizons

2 Model parameters:
Blood pressure injected in input surface => X1
Blood pressure in one output surface => X2

Output channels:
Flow rate measured at the input/output surfaces

CADLM - ROM blood flow
-nm"M o M StreamLine 14 gyreamLine_12

Fluid velt
sretonms T
: Sistere 5.185e402
ﬁ £ 4.609e+02 _| 46006402
BN [ 4033402 40336402
3ASTe+02__ 34570402 _
2881e402_ 5 ggtes02
23056402 pa0sesz
‘ 17280402_ 47980802
- 4 1.152e402 e
. ‘;\77 B 5.701901:I 5.1e1m1]
5 s o000eso0 M 0o
o
O~ \% StreamLine_15  StreamLine_11
ol Fluid velocity Fluid velocity
57616402 57616402
5.185e402 5.135«02:'
4600e+02 | 4.600e+02_
4033e402_  4.033e%02_
345Tev02_ 3457es02_
28816402 2.881e%02_
2305e+02_ 2305402
1728e402_ 1728402 _
Courtesy of DynaMore S
57616401 5761e+01
https://www.dynaexamples.com/ ooooesoo M aanevoo |

CADLM - ROM Blood Now
[ I Define Curve

A Curve 1

DOE 8 runs

Finite Elements

2.5 hours per 2 seconds
simulation

-
CADLM

ODYSSEE : Atrtificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Example - Fluid blood flow model "™ ODYSSEE

Explore new industrial horizons

@ Lunarv214 - tests1 I Lo 3 )
Files Export Help
1-Project 2-Initialisation 3-Load files 4-Solver 6-Sensiti 7-0, i 8 i
‘ 0‘ Parameter set file () : Zi/efd-dsdynaaorte/DOE-sorte-dyna.csv [ Select | — )
Ir. ‘ Result functon set fle (1):  E+/cfd-sdyna/aorte/doe/S2.cov [_select ) \‘, ” (POD. -] ‘ » > ’- "T~“ O L
set file OXN) ¢ cav [ select ™| L > [ _contowre | [confiowe ]
‘H‘ mmmmmm (optional) : [ skt | [openworkng drectory]  [Advanced optons ] [ osplaylog fle Adwststep %): 100 ¢/ [ Duplaylogfie |  [Displaylog fie

Interpolation

[ ¥ Response curves | iiodalGontant | Anmaton

S2-flow rate

[ osplayalcurves | [ ridealcurves |

. T T T T T T T T T T T T T T + wpor ] [ clear impor |
0 3 758 1197 1506 1905 2394 2793 3102 3501 3900 4389 4768 5187 5506 5005 | -

index of recording steps [ showbasecurves | [ Graphsetings |

Interpolation finished.

Lunar
Data fusion & model reduction = Lunar:2s """ FEM : 2.5 hours

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Crash — sub-modelling "™ ODYSSEE

Explore new industrial horizons

Courtesy of JSOL Corporation

2012 TOYOTA CAMRY (CCSA V5a) b0

PUSh (F:) Coupling type A ' ' 4 Sec'/cYCIe |
e B IR | i | || [Total |Quasar Dyna
Num. of node : 1,931,041 ® R S L AP I < gy s [
Num. of elem : 1,920,821 §3° : : : FY2019 | 1349 13.48 0.011
S1s e ~4-------1 |IFY2020 | 0.05  0.03] 0.02|

=T L “ 5 : » Ideal

womotrare|  0.02  0.01 0.01)
0 30 60 90 120 150 |' - ‘

Displacement [mm]

 —_—
T-CADLHFEN+SPRINGIROM) 2 61657 2.ChDLMFEM 251657
eap o

comparison FEM + spring (ROM) vs FEM - case integrated in doe base

L

Sub-modelling of crash box-beam

Fig1. Coupling model

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Example - Sled test " ODYSSEE

Explore new industrial horizons

3 Model parameters:
RS Deceleration (breaking Sensor 1 e

speed) 5

= X1, X2 _ SENSOr 2mmp
Airbag mass debit Con
Output channels: \4\}'15/- @
L Thorax compression => Y1 M/. il
Pelvis acceleration => Y2 i
L ==

15 DOE runs Finite Element Lunar
solution per run

1 hour/ simulation 1 second

[‘;'ﬁ'ﬁfm ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Pt dai gt e

Example - Sled test "M% ODYSSEE

Comparison FEM response versus LUNAR response e —
Parametric analyze

Population

Pelvis acceleration
studies

N

indes of racording sies

Comparison FEM response versus LUNAR response
. . m
Thoracic compression ; |
Paramete
r
sensitivity

Lunar
""" FEM : 1 hour

= Lunar:2s

Data fusion & model reduction

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com
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Example - Sled test " ODYSSEE

Explore new industrial horizons

l—< Slot 0: CADLM - Modele 1 - impact avec airbag sur mannequin - State 10 at time 0.008999 L Slot 1: CADLM - Modele 1 - impact avec airbag sur mannequin - State 10 at time 0.008999

Animation obtained by EF (1h) Animation obtained by Lunar (2s)

CADLM ODYSSEE : Atrtificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



SLED TEST + AIRBAG (Optimization)

"% ODYSSEE

Explore new industrial horizons

Courtesy of GNS/Animator4

=

S

-

l"//"‘

. airbag su L Slot1: CADLM - Modele 1 - impact avec airbag sur mannequin - State 10 at time 0008999

— Lwnar:2s T FEM : 1 hour

15 runs, 3 parameters Output Channel

Deceleration (breaking speed) =>
X1, X2

Airbag mass debit => X3

Thorax compression => Y1

Pelvis acceleration => Y2

CADLM

Optimization

Data base & Initial

wwwwwwwwwwwwwwww

Initial vs Target

indiex of recording staps.

N\ Optimized (2 secs)




v

™% ODYSSEE

Example — “Yaris Front crash’

Explore new industrial horizons

DOE of 17 runs

3 Model parameters:

Rail inner thickness => X1
Floor support thickness => X2
Velocity => X3

Output channels:

Driver seat acceleration=> Y1
Rigid wall Force => Y2

Gravity center acceleration =>Y3

Finite Elements Lunar .
3h per simulation 2 seconds " e @ | . ® |

/.T/' 4- 393329 Nodes

378470 Elements

Rail inner thickness (mm) Floor support thickness (mm) Velocity (mm/s) s . \

Validation 1 2,00 2,12 13200,00 :
Validation 2 1,60 2,20 13500,00 ﬂ : ’

Validation 3 1,70 2,10 13800,00

a:'ﬁfm ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Example — ‘Yaris Front crash’ "™ ODYSSEE

Explore new industrial horizons

Driver seat acceleration

Case 1 -»
X F(X)
ER Case2 =

X F(X)

5 EZe

Case 3 V
. X F(X)
=TT | —— Lunar:1s *=t=s FEM : 3h uk

ODYSSEE : Atrtificial Intelligence for Engineering Excellence — Questions? info@cadlm.com




Battery short circuit analysis \ ODYSSEE

Explore new industrial horizons

Multi-scale & multi-physics analysis by ROM Flow of coupling analysis
Reguire c_onswdering_ two phenomena with different spatial scales | Battery module plate thickness | Battery module plate thickness
Multiphysics analysis by structure, Thermal and electromagnetic field T T
v
| Full vehicle crash Battery short circuit LS-DYNA X
| - T o T = | Full vehicle ODYSSEE
Solver explicit Explicit (structure) Implicit Full vehicla
(Thermal + EV) ! ODYSSEE ROM
DT{sec.) 1.0E-6 9.0E-6 1.0E-3 | Battery cell deformation | !
| Phenomenon time (sec.) 0.4 0.1 ! UDYSSEI_E )
Num. of step 399,681 11,112 100 LS-DYNA Bal;?)r\ysssl-é%rtr{gﬁwt

{ ! - | Battery short circuit
| cosT 2h7m@128core Smin@4core
Temperature | | Violtage history Temperature ‘ Voltage history |

Model specifications

BATTERY CELL Variables
Nodes:4,331
Elems:3,618 - IN : Module plate thickness
- OUT : Battery cell deformation
Datasets
- Thickness 0.4 - 2.0 mm, 5 sampling
. Costs
Elems: 1,036,485 - Learning : 0.3 sec
[ https://www.nhtsa.gov/crash-simulation-vehicle-models — Predict : 0.4 sec

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Battery short circuit analysis (Image) '?‘;@ ODYSSEE

Explore new industrial horizons

Location Compression
Solver
(Node ID) (mm) .
LS-DYNA 43800015 0.88 Va rlables
Q ODYSSEE | 43800015 0.86 (2.1%) - IN : Battery cell deformation (Picture)
Predict th i - : i i 1 Location | Max. Temperature
e e OUT : Temperature distribution Solver | tocation m
compressed cells Datasets LS-DYNA | 43800104 89.3
Comp. (mm) # ODYSSEE | 43800104 | 89.1(0.2%)
12 - 15 sampling
Temp. (°C)
Costs o0
0.7 - Learning : 96 sec
- Predict : 0.3 sec 0
LS-DYNA(t=1.2mm) ODYSSEE (t=1.2mm) 02"
LS-DYNA ODYSSEE 20
, « It is possible to dramatically reduce the
Variables sover | et simulation COST by using ODYSSEE ROM.
- IN : Battery cell deformation (Picture) | sowa = 171 | . .
- OUT : Terminal voltage ObYSSEE | 172 0.1%) | + Coupling between different solvers becomes
Datasets easy by focusing on input / output only.
- 15 sampling 50 Solver Full vehicle Analysis Battery short circuit
Costs Zao (Structure) (Structure+Thermal+EM)
- Learning : 96 sec 5 * \cosr (sec/core) | Error (%) COST (sec/core) | Error (%)
— Predict : 0.3 sec Ea = ODYSSEE (Learning) 0.3 96
£, = ODYSSEE (Predict) | 04 21 0.3 0.2
T e FEM 975,360 - 1200 -

Courtesy of JSOL Corporation
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Stamping "% ODYSSEE

Explore new industrial horizons

Input (X) Output (Y) | Animation Comparison | ANSLATKN, 3% gt oK e, Formability Optimization
| | P Dynaform Animation 0.486 2.494 312 @ Optimizston options. ,
T 1 Lunar prediction - POD 0.554 2.61 356 [Defins taros tho/reechit) o
Binder Force Bead Strength  Crack — No Of Solcttwgettpe: momzevie 1200 Bead strength(%) .
(k) (%) Elements % alements Dynaform R R i
M1 100 30 0.0342 0.051 2 Formabifty key 1000 il
M2 200 30 0.0996 0.169 64 = Cracks cortenal o | 0 800 et
M3 100 60 0.948 4.45 609 Risk of s ’
M4 200 60 0.898 5.08 577 ot cracks 600 e
ats. Configure parameters @ 400 L
M5 100 40 0.263 0,625 169 severe e, oo .
M6 100 45 0336 1.157 216 o = Seectard e pameters 200 JPrial
M7 150 50 0.455 2.195 292 Good B mme St me ew e vewsn [l
M8 17 53 0.486 2.494 312 inadequre o onterteceion [ i = e [ et [
P Wrnking B T o [ [ o 30 25 40 45 50 55 60
tendency
tendency
1 [ Wrinkies Wrinkles Define constraints to respect (optional) @
. 50{ ¢ . . ndd corsymnt 1201
1 5. WResponsecurves  Yavales  Ammation. oo
o
€ 05 - = ¥
H . £. . — ey .
H + . po Fmee - Opt=102kN, 30% g
L g = o = b
2 3. cncks || S £
L & e thinning » HE
H
35- Good joeod
1 R Inadequate o 20
. e 4 eadequa sveicn
Wrnking .
A5 1 -05 0 05 1 15 100 120 140 160 180 20 Wrinkling tendency L
Principal component 1 Binder force(kN) tendency -
Wrinkies Binder torce{kN)  Baad strength()
Wrinkies

index of recording steps

o} o} C
[ XN=117kN,53% . Thee ).
© bynaform Animation s99 ¢
. Lunar prediction - POD m |
% Thickness Reduction. based on curent zstrain ~ % Thickness Re(
30000401
11:0--01:'
25000001 _f
22508401 _
20000401 _

1.7500+01
1

1.500e+01
1250801 j
1.0000401 _
75008400

5.0006+00
25000400
0.0000+00

Dynaform Lt

Bender force, Bender strength
7 runs only

Initial: Optimal:
XN =117kN, Xopt=102kN,
53% 30%

Courtesy of ETA
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Flight Simulator (landing conditions)

https://www.youtube.com/watch?v=oNQOwWTOWFn

CADLM - ROM AIRPLANE IMPACT
Time=  0.04999

15 runs, 3 parameters

Output Channel Elapsed Time
Angle 8 => X1

* Nose z-displacement => *  FE =>9 minutes
Angle a => X2 Y1
Angley => X3 e LUNAR=>1sec

CADLM ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com


https://www.youtube.com/watch?v=oNQ0wT0WFng

Flight Simulator (landing conditions)

2-CADLM - FEM animation (8min50s) 1-CADLM - LUNAR animation (1s)
Time= 0.039994 Time = 0.039994

CADUM ODYSSEE : Atrtificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Chassis Frame Optimization for Natural Frequency™& ODYSSEE

Explore new industrial horizons

. First Natural -
* Lunarenabled to reduce the DOE size by 67% Design E Total mass Rear Stub Mass | Mass Saving (%)
. : . requency
(58 runs against 175 runs)and still predict
response with good accuracy. Baseline 11Hz 245 112
. . . . Lunar Optimization 10Hz 224.4 91.4 18.4%

*  TheCPU time in this caseis 33% of the

traditional optimization approach. CAE Validation 10.3Hz 2233 90.3 19.3%
*  Fora problem involving more design variables CPU time

and multiple loadcases, Lunar offers more (min)

substantial time and CPU cost savings. -

900 +

800

*  Once the predictions are validated, Lunar’s ROM
approach can replace the CAE method to
calculate response for any design combination bl
and save significant process time. s e strursfsumn

8 Traditional CAE Optimizer-175runs/875min

Courtesy of ETA
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Fusion for image processing — Automotive head Impact analysis

Child head Impact on bonnet

Frame- Steel E=210 Gpa; Blue part 3mm; green part 10 mm

Fixed on 4 corners ; Impactor mass=3.5kg, Vx=40 km/h

=

Steel, E=210Gpa

Nz

3

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



"™ ODYSSEE Reduced Order Modeling for image processing - Accelerations

Explore new industrial horizons

[

Casefjpg Case10jpg Casel1jpg
Case 9 Case 10 Case 11
9.00£+05 1.20E+06 7.00E+05
8.00E+05 .
1008406 6.00E+05 Accelerations
7.00E+05
6.00E+05 8 .00F+05 5.00E+05
5.00E+05 4.00E+05
6.00E+05
4.00E+05 5.00E205
3.00E+05 O0E+
400805 2.00E+05
2.00E+05
1 00E+05 2.00E+05 /vm 1.00E+05
0.00E+00 0.00E+00 0.00E+00
HR‘Q:“%R?83:%8:?8%%&8:8‘8:2&: HANOTNONO N A ANTNONODNO NN TN O N H’q@vmwr\wmgﬁrwmvrmwr\wmoﬁmmtrnwr:r
SRR NBEINELH2RA R8T RERERNT TR OZ2ERNAEFANELHIRARC2TREa8RS AROd22AREINBELZIRRIGAIRIRRSNS
Rl AN ANANMOM T T TN NN WO ONMN™N00W0000 o eEHe-E-ANNNOONT T TN N O OMNMNMNDGDWND HHANANANMNFSTFNHNDNO ORNNDNOOND
e S0 ] e SériE2 ——Sériel ——Série2 —Sériel = Série2
Case 9 Case 10 Case 11
6.00E+01 6.00E+01 8.00E+01 B
Displacement
7.00E+01
5.00E+01 5.00E+01
6.00E+01
4.00E+01 400E+01 5.00E+01
3.00E+01 3.006+01 400E+01
3.00E+01
2.00E+01 2.00E+01
2.00E+01
1.00E+01 1.00E+01 1.00E+01
0.00E+00 0.008+00 0.00E+00 TN OO AANNTNONONO NN WO
HANMTNON DN AN NDONONO NN O N HNOTDORNODNOD AAMNTNONONO NN ON - oo
~ < o NN DO TARODNDNTDNONSND N DO MON~ ~< o AN QLT AR NDLOMORNN O MmO NS ~ <o D NQOLT AR NN OMD NS
ArHERNARARECURARERRNREERS AEEMERERERE AR R RS 1A FREEENAERREIERSEEERRESEEE3
——Sériel ——Série2 Blue = Isdyna ; Brown = Quasar ——Sériel ——Série
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"™ obYssee Reduced Order Modeling for image processing — Displacements

Explore new industrial horizons

Influence of image boundaries

70
DYNA result .
Base result
50
J Improved Image w
% | w
c 40
o
2 g
30 30
U Q
4 [
20 20
10 10
0 0
- NM T N WSO - AMST N OUMN0O00O0 AN MST WO ™ N M SN O 000 NS N O 000 - NM T N WS
NS = 00N NOODOLUT w0V ANGOWOUMO™RITANGOOMOS T N S0 1NN OW ST = 0 AN OO MO UL NGO MmO ™S
MM~ e T O0NWOOMMSNO TN OMOLOSTAINONO MmN =T 0NN OOMMMNO T O0-SNOMWOO TR DGO NWO
L T T T T = T BT, T, BT ST S S - - - - o o NN ANM M T ST N NN W WSSO,
Time History Point Time History Point
Error [%] Max Relative Error [%]
Q
Z o e
/ 2.08 4.5
1.70 3.67

Courtesy of Masahiro Takeda, JSOL
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"'rﬁ" g -
CADLM

"™ ODYSS

(Defense sector)

imdustrial

Explore pe
izon '=

Front view of the target

block
Projectile

-;?{’
mecasift.

Costly to run a
complex
dynamic and non
linear model like
ballistic impact

Back view

of the destruction of
the block by shock
waves

Projectile
nose

efore impact

*Reduced model of ALE model (fluid/structure
interaction)

* Application for real-time predictive training
simulator

*Combine reduced model with a finite model
using domain decomposition techniques

Ballistic impact with ALE simulations

CADUM

Methodology forALE

based reduced model

Real time solution for
simulators based on FE

Reduced CPU cost by

reducing the need for finite
element solutions

Depiacerentncead en 2 fran)

Approximated response in
blue and black
F.E. model response in red

300
s J

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



g alllStic Impac
% ODYSS  simulations

imdustrial

Collaboration SILKAN/CADLM Workflow de la simulation

[ Détanation ] Explosion -Eulérien]

Le Scénario g _

Complexe

[Eulérien

Longue

Pénétration
lagrangien

Propagation
lagrangien

Reouceo vooeL 1 | [REBUCEBNOBEREN | FENODEL ]

seor/mors

Variable: Angle du missile
Plan d'expérience
Modeéle EF Réduit
Centre
)

» Impact missile sur un batiment:

o

n"; li} 1/2015
o Missile Fleche )

Modeéle EF Réduit Centre
Evolution de I'impact au centre de la cible EF vers base PQ

Missile Fleche
OE Modéle Réduit Contour

Modele Réduit

- Avec le POD, on cherche &
extraire les modes propres et 4
interpoler le plan d'expérience des

: i (AN ncsuds sélectionné pour les.
v i, i \ | injecter dans le modéle grossier

14
. bod—Aa (o)
Vue de Face Vue de Arriere | i W\ | - Ceci permet de ne plus simuler

| 1 le modéle affiné (a) et d'obtenir
Workflow | | || directement les résultats assez
rapidement du modéle grossier.

Interpolation avec divers modes d'un
angle d'impact de lmpacteur

a:'ﬁfm ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Real Time Parametric Design and Optimization "™ ODYSSEE

Explore new industrial horizons

AL

Minimum Thickness 0.5 mm

Reduce BIRD strike analysis simulation time using
(ROM) and NOVA (Optimization) oL

Target:

» Find the optimal thickness distribution
for platel, plate2 and plate3

Constraint:

* No elements erosion in plate3

Maximum Thickness 2.0 mm




Lunar : Optimization

7-Opti n
1-Project 2-Initialisation 3-Load files 4-Solver 5-Interpolation  6-Sen: o Animation User script
Q Barameter set file (X) 19 TMPATTLIR! NalliX_DOF compietn. lect.
‘qpt\m\zatmn options 0D - P In| Pd )
Define target to reach & 2 nfigure Set quasar saript Data fusion & model reduction
configure lay log fle Display log file

Select target type : | value at

Reachvalue: |0

at cursor position : 0 I

Configure parameters

Select starting point : | parameters of Optimized

Select and configure parameters :

Start min max Type Variation resetall
[ spessore1 182342 | 0.5 | [z | Reat  +|[0.015 [ [ reset
[ spessore2 [0.50265 | [o.5 |2 | Real  ~ | [0.015 reset
[ spessore3 [0.5 | [o.5 |2 | Real  ~|[0.015 reset

Define constraints to respect (optional) &

Add constraint

max(Yn) v <= |5nu X

Gptimization algorithm : SQP with constraints Advanced options

fanced options. Display log fie

Display log file

~—

Legend

— ]

Yn_ROM _test #1

Yn_ROM _test #2

Nastran SOL 700
Tme= 0

X

oK Cancel =
| —
Display allaurves Fide ol arves
T T T T T T T T T T T T T d Hide base curves Graph settings
0.0003 0.0007 0.001 0.0013 0.0017 0.002 0.0023 0.0027 0.003 0.0033 0.0037 0.004 0.0043
time Inport curves Clear imported curves

ELAPSED time = 15.42

seconds

"% ODYSSEE

Explore new industrial horizons



Chassis Frame Optimization for Natural Frequency™& ODYSSEE

Explore new industrial horizons

Frame Rear Stub components were parameterized for Geometry, Grade and Gauge.

Design details and constraints
* Mass is 245kg
* First Torsional mode is at 11Hz

* Onlythe rear stub (mass 112kg) needs
to be optimized so that the crash
performance is not altered.

Rail divided into three sections to
vary the section individuall

(Front, middle, rear)

TWB Rail (three)with separate
thickness of flanges(Each TWB
will have 3 section thickness
variable)

Rear Stub (to be optimized):

Mass =112 kg
(of Rail, X Members and ENERaIsrade)
Optlmlzatlon Ta rgets reinforcements) Reinforcements (gage/grade)
* First Torsional mode should be within Full Frame Mass Sections of X-members: Width
10% limit of Baseline design ( >= 10Hz) 245 kg i’:;:;:if;fy"{;’f:;siﬂo; 1550
4 cross members (gage/grade)
X-member Brackets gage/grade
90
20
7 Frequency Mass
60
. Lunar Interpolation 9.9Hz 83.8Hz
2 —#—Lunar Prediction (15) CAE Validation 10.3Hz 81.5Hz
= CAE Validation (5min)
30 +
20
10
0

Courtesy of ETA
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ACTRAN - Predicting the absorption coefficient of a

porous material % ODYSSEE

Explore new industrial horizons

Preflected\W)
o= 1 N 2. . 50 samples
Dincident (@) 10
vin o | Iy
Thickness [m] 0.05 0.2 f e
Porosity [m] 0.85 0.95 e
Solid density [kg/m"3] 40 2000 04
Young’s modulus [Pa] 1000 1000000 LA s
Flow resistivity [Ns/mA4] 1000 100000 1 Admn:
0.0 250 500 750 ; 1000 1250 1500 1750 2000
Experimental Setup Numerical Setup Validation
o . Courtesy of MSC

[‘;‘F']B'[’m ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com




ACTRAN - Predicting the absorption coefficient of

"™ ODYSSEE

Explore new industrial horizons

porous material

Optimization for finding material properties

* A dummy measured curve is given and the material properties are found via optimization

* Then the optimized parameters are used to create a new Actran model in order to compare the optimized model with
reality

*  The DOE with the 50 samples is used as a starting point (time taken: 3 min)

1.0
0.8 !
0.6
5 !

0.4
0.2

—— Measured

—— Optimization in Lunar

Simulation in Actran with optimized parameters from Lunar

0.0

250 500 750 1000 1250 1500 1750 2000 Alpha cabin
Frequency [Hz]

f;'ﬁ'ﬁ[’m ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Actran : Exhaust System Optimization "% ODYSSEE

Explore new industrial horizons

: Perforated pipes
e [Distance of baffe * Base model setup in Actran i P —
i ? f ™
Radius of CatCon Length of CatCon = Inlet - y _—
—

'\ —
[ TR
e s T e ) S

Displacement fixed
I 40 mm e

- N
<" \ 7

Steel walls

%

Chambers
| . g Baffle 1

150 mm 150 mm 300 mm

Baffle 2

Catalytic convertor

Muffler
Methodology fil2 o [ ¢

|
xte — y cdetfie |
| edat fle 1 J
4 y  edat file 2 ! . 7 \
X file N cdat file n ¢

Validation parameters

Xn file Responses /Y file

Initial exhaust system ' Optimized exhaust system

Predicted responses /Yn file Bad correlation

4 . Actran

CADLM

Python script N -
Good correlation - User input ‘
RANSFORMING DATA INTO INTELLIGENCE

Optimized TL predicted by Lunar

Actual responses
Y_exact file




scFlow - Flow around an obstacle “& ODYSSEE

Explore new industrial horizons

AOA MODEL AND ANALYSIS CONDITIONS Set AOA model and analysis condition
- Tetra Grid settings « AOA (Angle of Attack) analysis model
Symmetry wall * Analysis conditions
1.5 x 0.6 x 0.015 [m]
. MeshE= Turbulence Model SST kw Model
Q
‘g Steady/Transeint Steady analysis
% Mesh size 0.32 ~ 10 [mm] Density 1.206 kg/m®
§ Mesh number 3,789,135 7§ Viscocity 1.83e-05 Pa s
Pressure Correction Method SIMPLEC
Analysis domain Time Derivative Terms Second order implicit scheme
| > Reference : “Flying hot wire study of flow past an NACA 4412 airfoil at maximum ft, Airfoil Model NACA 4412 airfoil

D. Coles and A.J. Wadcock, AIAA J, 17, 321-328 (1979)

Flow around NACA 4412 airfoil

Pm::- m{m} Pressure [Pa] Prossure (Pa)
10.00 10.00
8 5 o o O 0 o -
. :
-10.00 ~10.00 ~10.00

Predictions vs Iiull CFD

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



scFLOW — Steady-State analysis "™ ODYSSEE

Explore new industrial horizons

scFLOW Steady-State analysis

. . + Prediction of flow rate by fan shape
. Pred |Ct| On Of fl OW ra te by fa n Sha pe « Design Variables and Objective Function Boss diameter
Design Variable Unit Min Max
— -

Number of wings Sheet 3 10

F|Xed Statlc Shroud diameter Mm 100 130

\ /
Fan diameter mm 100 120 \/
pressure Boss diameter mm 30 40
Fan di
O [Pa] Objective function | Unit

Qutlet mass flow kg/s
rate

pressure
0 [Pa]

+ Sampling : Optimal Latin Hyper Cube n=30
« Comparing scFLOW and Lunar in some design variable combinations.

+ Result
- Comparing scFLOW and Lunar in some design variable combinations.

Difference between the analyzed value
and the predicted value

Fan -
5000 [rpm]
Steady ALE Caslzgl?:)tﬁn tin:]i 16min (72Core)
ODYSSEE :Few seconds
Courtesy of Tomoyuki Hirabayashi (MSC Japan) o

msim ®ODYSSEE

[‘;'ﬁ'ﬁfm ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com




scSTREAM - Transient Analysis "% ODYSSEE

Explore new industrial horizons

scSTREAM Transient analysis scSTREAM Transient analysis

+ Prediction under unsteady heating conditions Change the size

+ Prediction under unsteady heating conditions

and thermal
+ Predicts the maximum temperature of the IC chip conductivity of the
box thermally Design Variable Unit Min | Max rubber
board AN conductive Rubber size mm 10 |30
S /rm:nber
I8 B Rubber thermal w/(m- 0.8 |7.3 3.5 — Start-up time:3wW |
1T [ ¥ 7 conductivity K) 5 3 n "
u L R = Start-up time = 60sec
N IC Chip sec 30 |60 25 P
! . High heat generation g >
board (o Start-up time 2
Q i B L5 7 Running:1W
ﬁ . UbJect.lve fUnCt.IOH. 1C (.:hlp maximum temperature[°C] <05 Start-up time = 30sec
= Sampling : Optimal Latin Hyper Cube n=20 5
I : 0
| | / IC chip, g g 50 100 150 200
Natural convection analysis Thickr}ess oo thermally il s 2 timelsec]
= conductive rubber . .
scSTREAM  Transient analysis Reduce heat generation by shortening the start-up
time.
« Result . Result‘ ' _ )
. Max temperature and calculation time « Predicting the maximum temperature of an IC chip

Start-up time : 60sec |
0

—_ ‘;; w & Rubber : thermal conductivity 7f3 - size 30mm
i” :?: - il Z “\ A b | Start-up time : 45sec l — = = = - ODYSSEE
100 3 \ Rubber : thermal conductivity 4.1 - size STREAM
% — x5l f , Start-up time - 30sec
80 Calculation time J A » : d i ‘
0 SCSTREAM .58 sec \ ubber : t ermalszmmuctwlty .1 - size
a0 (72Core) ) :
50 ODYSSEE  : Few seconds ' s
40 = -

IC Chip temperature change over
ODYSSEE STREAM ODYSSEE STREAM ODYSSEE STREAM

(°C

Max temperatu

IC chip maximum
temperature|[‘(

time
Start-up time60sec  Start-up timedSsec  Stantup time:30sec

can be predicted.

Match in the range of £6° LI T R I . R A T R R TR

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com




scFLOW - Prediction of aerodynamic sound analysis & ODYSSEE

Explore new industrial horizons

scFLOW Prediction of aerodynamic sound analysis . Result - OA value

+ Comparison of scFLOW and ODYSSEE , with training in OA value(overall value, Total sound pressure)

+ Evaluation of aerodynamic sound around a three-dimensional cylinder * 13m/sec conditions were evaluated. ‘ ‘
« It predicts the aerodynamic sound when the inflow velocity is changed + The predicted deviation of OA values was less than 1%, which was highly accurate.

80
observation point (0,1,0) [Design variable [ unit [ Min [Max | ;g Succeeded in predicting
Diameter = 0.01 | Inflow velocity ‘ m/s | 5 ‘ 15 | 65 OA values with an
S E§§ +0.55% accuracy gfgasp‘,?roximalely
T Objective function | Unit %38 27
h? E
5 g |4 EE ¥
s @ ° 2 Over 3,000 times faster
15 with over 99% prediction
p— = 12 accuracy
s
mLunar mscFLOW
Dotted line : scFLOW
Solid line : Lunar
Initial turbulent Aerodynamic sound POST Lunar E Caslggll_aoti/?In time
Cf(l)%v:ag?lggﬁggr analysis(LES) SPL analysis Prediction 3 ~8h30min(72Cor'e)
At = 2us @ ODYSSEE :Few seconds
5.0 ~1min/data Few seconds I\ S
_ ~4h40min W N W paf mu‘ le)‘hf“ "y A My r o}
~3h50min @72Core / \\ \ / V"):J
@72Core w‘xﬂ’,\/ iy f\W‘dk‘ NN - i
¥ L \J \ J\q r‘\ﬂ hm’“ Wm‘fWW\ ’\1 VMU\(’ ot WNN»}‘J\,(\]
v
Courtesy of Tomoyuki Hirabayashi (MSC Japan) [ frequency[Hz] |

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com




Pump membrane optimization with multi-physics interaction "}@ ODYSSEE

Explore new industrial horizons

Design of experiments

1 MSC Co-Sim

Engine 4

X: (2 variables) Y.

1. Inlet Fluid Speed 1. Displacement center

2. Membrane Stiffness of membrane

Objective

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questiornis? info@cadhimi.com



"™ ODYSSEE

Restaurant Airconditioning

Explore new industrial horizons

 Inflow position is constant

« transient analysis: 0~200s

« Design variable: inflow velocity

» Prediction: 1.25, 1.3(=M3), 1.45 m/s

« #sampling: 6 case (1, 1.1, 1.2, ... 1.5m/s)

xn1 xn2

Xn: Predict position

______ N—
cross section %F\Q | {\9 f%
. »,

12

Emm == im0

&g/ ', ﬂ. g

ﬁﬁ,_ﬁ_lﬁ[_.ﬁJﬁLl‘— —

Only 12 training data is used totally

M1 M2 M3

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com




Restaurant Airconditioning — Optimal positioning

"% ODYSSEE

Explore new industrial horizons

CFD on xn3 param
Time : 5.000000

CFD

LUNAR

Isin DB

Trapslational displacement (x-component)

o ———
1138. 64 2262.09

CFD Neighbour =1, pow = 1.0

Is notin|

CFD Neighbour = 2, pow = 0.0

e x=1.45

Xn: Predict position

L 'l“‘—“l'ﬁﬁﬁf‘ﬁ
T e S
ﬂ%\ l/ ({\\ I(

Spt & ,,o /

Onl-y 12 training data is used totally

Courtesy of Cradle (scStream)
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“™& ODYSSEE Wheel impact on pavement - Learning from images : Y(t)

Explore new industrial horizons
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“™& ODYSSEE Wheel impact on pavement - Learning from images : Y(t)

Explore new industrial horizons

X_parameters

Initial Velocity Number of branches M1 DYTRAN vs Quasar
M1 o 9 X 3.00E+05
M2 4 9
M3 10 2:508405 # Spokes only
M4 8
M5 10 2.00E405
M6 Ll 1 U

9
8
7
6 9
M7 10 6 5_Branches_APEXPNG 6_Branches APEXPNG 7_Branches_APEXPNG L50E+05
M8 10 7
M9 8 7 1.00E+05
M10 5 8
M11 6 6 5.00E+04
M12 7 5
M13 5 5 0.00E+00
L T T o T = T o T T T = T e N e 0 T = T T O e ¢ = ™ 5 T T S s O =3
M14 3 8 HHANMNMTTOHNOORNBOONSS 2N NT @
M15 4 7
M16 3 6 I r I M1 - DYTRAN vs Quasar
M17 3 5 8_Branches_APEXPNG 9_Branches_APEXPNG 10_Branches_APEX.PNG
3.00E+05 -
M8 3 10 # Spokes and image features
M19 10 5 . -
2.50E+05
M20 10 10
M21 7 7 2.00E+05
M22 10 9
1.50E+05
1.00E+05
5.00E+04
0.00E+00 —
-

7
13
19
25
31
37
43
49
55
61
67
73
79
85
91
97

103

109

115

121

127

133

139
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Full vehicle Passenger safety "™ ODYSSEE

Explore new industrial horizons

EEEEEE

ffffffff

0.0 120.0
LOEA0S

Time (ms) il
L o) ’ - A .. . o N e . ihae JAES 2 ? £gi z
Nicely, pr mmy ot
i P 5 s s s v Do
DDDDDDDDD
DARIOT W% Y ROM tret 217 DAREOT Md- 1501 ARIIP SIFD war 2 0R w HE + M2
4.5E406 E o
106408 “' .
= 6 /:.‘ -
£ 06 &Y
E 2 06
5 20006
L 15606
o
3 10605
o .__,\.—Aﬂa-
400 £
- E[IJEGH 30.0 60.0 %0.0 won iR Y Co 0 S0 gt @ . et o e
. Time (ms) z Ty ey W Z
b .

Courtesy of JSOL ®% Strange head deformation can be observed ™ s e



Human biomechanics

- Training data Computation time

"™ ODYSSEE

Explore new industrial horizons

- DoF # of data Prediction(25steps) Dyna (16 cores)

Arm 3 13 2m 6s 1m 15s 9h40m 56 s
Leg 4 20 2m 54s 2m 27s 11h 7m42s

[Discrepancy at fingertips]
¢ Max: 4.3mm
¢ Final:3.0mm

. LS-DYNA . Odyssee

[Volumetric changel]
e Upper Arm: +0.6%
* Lower Arm: — 3.0%

[Discrepancy at fingertips]
e Max: 5.7mm
* Final: 1.7mm

[Volumetric change]
* Femur: +0.7%
,, « Tibia:  -0.06%
- * Feet: -0.5%
AN AR

.000000000 :FNSFORM

Courtesy of TOYOTA/JSOL



Human biomechanics "™ ODYSSEE

Explore new industrial horizons

Odyssee <" LS-DYNA Odyssee LS-DYNA ......

Courtesy of TOYOTA/JSOL Odyssee: 1 min (CHBLmyna 10 hours (16
cores) to B




Pre-crash avoidance manoeuvre and crash "™ ODYSSEE

Explore new industrial horizons

24 k4
1:d3plot : (fo1 12032037) : 39_600N_PPT_1.5sec_avoidance_FF56kph 0:d3plot : (fo1 12049155) : validation curve #1 : STATE2 ,TIME |
:STATE2  ,TIME 4.99999466E+001 4.99999466E +001 XUy

2.4 2.4

LS-Dyna N

47h 35min 1h 32min

Each year, Autoliv's
products save over
30,000 lives

autoliv.com 6 Runs Only
“At AUTOLIV we are concerned with safety of real humans (and not only 1. Simulation carried out in Autoliv Research Cluster - PBS Nodes — Intel Xeon E5 (32 cores)
dummies). This requires a yet challenging computing effort for evaluation of our
safety solutions. CADLM’s ODYSSEE.Lunar software is a real breakthrough and 2. Calculations on company HP Zbook laptop (Intel Core i7 — 4910MQ — 4 cores)

provides a very promising perspectives in order to reduce drastically
computing time and optimize our designs” Bengt Pipkorn (Director Simulation
and Active Structures, Autoliv Research)

a:']'ﬁ'[’m ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com



Restraint system robustness

Coupling CADLM / DynaS+ software

"™ ODYSSEE

Explore new industrial horizons

o

D.O.E

Y4

Lunar: Latin Hypercube

LSDYNA
Simulations

Lunar : LSDYNA Model
parsing for input/output

uuuuu

Wi’

Courtesy of Autilv France

v

CPU times reduced by 86%
Time of study : 5 days instead of 1 month

ROM

Lunar :Reduction Of
Model

MOO Monte Carlo runs \

Lunar : Interpolation

N

e
I
I
I
\
I
\
I

3

300 22
Neck MOC

LAutolivJ
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PSA - Automotive Sector: crash

"™ ODYSSEE

Explore new industrial horizons

automobile

Side crashworthiness

Collaboration PSA/CADLM

Side crashworthiness performance sizing ; 6H&Drm
|%A yi -
%': 3 prediction
zE4 only
'* 3]
GROUPE ; -E’;;;?Zm
d : ' ’ * gt h o " +30/4D fieids
o predictors
New Peugeot 3008 side crash Criteria: B Iy
Euro NCAP test and FE model = Nodal displacements, velocities, stresses...
Application of the NI-POD approach 12 e S o OF
< nver n r no. run
= Test-case: Peugeot 3008 FE model o= 10 i onvergence rale \no uns)
£ c . .
*  Implementation: SVD done in Matlab and surrogate models Ryl g 4 Starting with ~20 runs fOf_ M
calculated with the ‘DiceKriging’ R package. g 2 ¥, element Full car crash (side)
= Tests done: E g 2
. Prediction of various responses: displacements, velocities, forces... S S 0
o T
. Test of various surrogate models (GP, RBF...) =9 1 31 51 7
. Various databases 5 Learning database size
= Calculation of the prediction error

es==mRBF [sight esssKrigeage R e==ROM PSA

Centre Technique de Vélizy

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com




TOYOTA - Side rail buckling "™ ODYSSEE

Explore new industrial horizons

Development of Prediction Method by Reduced Model for Structural Deformations in Frontal Impact

Hota Has himoto, Hiroski Onoders, Yasuo Yamane, Tsuyoshi Yasuli, Development of Prediction Method

by Reduced Model for Structural Deformations in Frontal Impact, JSAE Paper Number: 20186154,
Oct, 2018 Issued No.135-18
hota Hashimoto Hiroaki Onodera Yasuo Yamamae Tsuyoshi Yasuki

TOYOTA

Table 1 Maxinmm and munimum values of thickness and length of
difference thickness for design parameters

Pat Design parameter Min Max.
1 Thickness 1.1 mm 2.5mm
2 Thickness 1.4 0m 28 mm
3 Thickness 19o0m | 33mm Data
B i 13om | 27om Input Output
5 07mm | 21mm Thickness FE Deformations
- D9 mn’ | 23w Length simulation| |Time-historics
7 100 mm 300 mm

Fig 2 Car crash FE model 8

400 mm 640 mm
|Establish|

Input QOutput
Thickness| _[Reduced Deformations
Length model Time-histories

Knowledge

Fig. 5 Desagn parameters
Fig. 1 Prediction method for deformations and time-histories

Fig. 4 Measurement node for vehicle acceleration and displacement

ODYSSEE : Artificial Intelligence for Engineering Excellence — Questions? info@cadlm.com




TOYOTA - Side rail buckling & ODYSSEE

Explore new industrial horizons

Correlation Prediction Clustering

Hota Has himoto, Hiroski Onoders, Yasuo Yamane, Tsuyoshi Yasuli, Development of Prediction Method
by Reduced Model for Structural Deformations in Frontsl Impact, JSAE Paper Number: 20186154
Cct, 2018 Issued No.135-18

2 c 1 93 P ¥ YA 19 Dan
Redoced model |22 5 RANMOAE & RABEED T ™ . O TE e Rebend wnlel - 5= gt 777: =
L 11 1A, R OTIRER 0%, BA =005 Xakisilmald ox G Thickness|
. B s it ckness %
; Yam oo Deformations
W v Length 31 vnul.mua
. — %
_E_ y ey y el S ~ — Establish for Cluster A
F . : > e Establish for Cluster B}—
.g ." Y Establish for Cluster Cf
o 10 ¢ VQ = T Establish for Cluster D
3 ' J|
y o Fag 14 Deformanon of Sout sde rad @ Case 61 " ()L".E‘_‘
i - T [ Redocod model | [
: .
E A - Knowledge
é P K o T 1 X Hom Fap 16 Fredioncn metod by chasmng deformatons
Mz valors by FE [sv) e,
————

Fig 10 Vabdation of maxizssn values of velacle acceleration

— —— 0%

i 150mns T

3 v

B e

E

g Fig. 13 Defoanation of &onf ssde rul in Case 15 uf

> 1%

£ (1) WO HE—i20+: Redwced Model |2 £ 5 SUV SIS 2 ¥ gy i

- e KT FOTH, NBRENEMTS, Vo, - ]

é No2, p99.3642018) Fig 15 Defrmstion of Soes e rad in Case 61 "‘I

H Ve @ 1FIRRIL  RARARNET e oo r—r Q_Df

é 3 o pr Modd VIR, ARENING NOFRILE THRRSE U 11 RGX—FDIIAYI Y Coe 15 Com®

Maxemen vaoes by FE [esem) RS, No 19, pl2TT.12R, 2017623500 Reduced model 12 2 S RMT—~ FAFERMERG L~ Fig 17 Hueschucal chisternng dendropram
Fae 11 \ahimmrmxnmmnhmnhvhrlm&uxhnmu # 6 K Eay o d  Model e T o ot (MW 1Y M~ VARRAETLELFS
LSDYNA ALE anf Cindh Agpbessces, Proceatings of 108
opess: LS-DYNA Coufermace(201 5 . . . . . -
r" \x“l‘ i 2 : s Siha i i Hota Has himoto, Hiroaki Onodera, Yas uo Yamane, Tsuyos hiYas uli, Development of Prediction Method TOYOTA
b o wte Elecect e . .

(.’ % ﬁn.-:‘ 2o o sy by Reduced Model for Structural Deformations in Frontal Impact, JSAE Paper Number: 20188154,
1 o4 o, OF, eraty, X
g 0 Hkingee et Oct, 2018 Issued No.125-18
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TOYOTA - Vehicle Aerodynamics "™ ODYSSEE
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Development of Reduced Model for Aerodynamic Drag and Lift

Mashio TaniguchiJunichi Inckuchivasue, Development of Reduced Model for Asrodynamic Drag and
Lift, JSAE Paper Number: 20188092, Oct, 2018 Issued No.121-18

Mashio Taniguchi Junichi Inokuchi Yasuo Yamamae Hiroshi Tanaka Tsuyoshi Yasuki

Tabls § Deagn vanable: mad range
Drecapm. Vanable Buace Sl oz, Afsrnmm

Al Hag) Ha 148 M0
Hl [mm] 1847 L 10
H! [m=] 18 14 187
HI [mm] o 165 IS

L1 [emm] El95 a7 13367

D el | w4 | wa | ipes | Reduced Model {Z#7- A A LT, Cp, CLERHTA,
Rl [me] [ ans e
D i o ) ot ’ -..\ :
el 4 M3 00
—,

i—AEgTHENYARE i) CRIFLESREL
a = H e B St A—rgld bt ARREHE S L. SR
- L R— "2 o EEGEREEY-BRLTRD, DRLOFRGIANT LR

X

decisan

I
P ) {'.I'D_ : mak mg method
- simulation 1, (Reduced
|v-—- — milgh
- model
' L )
6010700 g5 Ouiput
#1 Data H#3 Knowledge

Fig. 2 Velucle model (Base)

Fig. 1 Automated decision making method .ﬁ

TOYOTA

Fig 3 Fressme Domnlsunos o y=0 Flass Hlase)
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TOYOTA - Vehicle Aerodynamics \Q ODYSSEE
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0
I Washio TaniguchiJunichi Inokuchi¥asue, Development of Reduced Model for AerodynamicDrag and
Lift, JSAE Paper Mumber: 20185082, Oct, 2018 Issued No.121-18

TOYOTA

— CFD Reduced Model

High

? 0100

Correlation Clustering Prediction

- Typec A +TypeB =TypeC +00¢

Cy (=)

Best

a0 TipeA +Type B = Typel

gk

£
: 2 E 0100
0450 5055060650 70750808509095 1 = . =
time (sec) T . te . =
time averaging error=0.000 k] 32 . =
(a) Case of minimum error for time averaging (case A) :; 5 : ;
CFD Reduced Model E| I i 2 3
#H ] L 5
'_b - - =1
- = =]
—1 -
S ot
_ i L )
l_. TR Low « e 3
o Lo CFDy High Fig. 12 Rabionakip berwsan C; and Co
Fig ¥ Cross-vahdatiom of Ty CFD High
¥ Worst Fig. 14 Cross-validation of Cy using Reduced Model (Classified)
B (5) DR, WHE, DEN BAW, EUE, W,
0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 | B, TR  2Bex BOZRIGMEEMI M 28,
time (sec) SRR, Volsd, NesS, p.l287.1204 (2013
time averaging error=0.029 Iﬂh*b‘aﬂ‘ “.- ] ; 2.3 P 0 _
() Case of maximum emor for time averaging (case B) {6 Optamal Deciaon Sappest System for Engmeenng and Expertioe
e b " 3 CFD Red (http-indyzsee.cadim com)
i fie ofo = = Mo (T K. Kotapat, A Keating 5. Kandosamy, B. Duncan, B Sheck

2d H Ches : The Lathice-Boltmmuna-VLES Method for
Amtometive Flod Dynemses Seulion, 3 Review, SAE Pape
No.2009.25.057, p.2-3 2009)
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