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Introduction Optimization

B Non-Linear Optimization

H Available Software Products: LS-OPT, Optimus, Isight, Mode

—--Frontier :
. Non-linear / Parametric |

m Parameterization of input files
. m Shape/Sizing Optimization

Coreurent Xk
0

. m Possible for general nonlinear
applications: Crash, Fluid Dynamics,
' Nonlinear Static/Dynamic
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Introduction Optimization

B Linear Optimization

______________________________________________________________

' Non-Parametric ;
m Topology / Topometry Optimization
" m Usually Linear FE-Problems
m Gradient based solvers — many design
' variables > 1000000

m CAE-Applications: Static Loads,
Frequency Analysis, NVH

___________________________________________________________

Initial

Realization

"T‘JL%K”‘aﬁ"b%dQﬂﬂ
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Introduction
B Topology Optimization for Crash

B For topology optimization each element is a
design variable - can be switched on/off
- many variables

B Can not be solved with LS-OPT (too many
variables)

B Can not be solved for crash with
gradient based topology solvers like e.q.
Genesis (strong non-linearities)

B Two considerable approaches

Genesis / LS-DYNA

B Hybrid Cellular Automata - HCA
LS-TaSC

bvnna
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LS-OPT
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LS-OPT - State of the Art Optimization Software

About LS-OPT

LS-OPT can be linked to any simulation code - stand alone
optimization software, but perfect suitable with LS-DYNA

LS-OPT is available for Windows and Linux

Current production version is LS-OPT 4.2 - [/
Release of Version 5.0 is planned for middle of 2012 L
LS-DYNA Integration

Checking of Dyna keyword files (*DATABASE_)
Importation of design parameters from Dyna keyword files (“PARAMETER )

3 3 ABSTAT “~  Component Direction ¥ Histories
Monitoring of LS-DYNA Soo e e
EEEEEEEEEEEEE ty ¥ Gomponent Forced
progress DDDDD Acceleraton e ZComponent TESFI;VSJ
. EE;S:C | Rotational Displacement  Resultant
Result extraction of most = e
GLSTAT
JJJJJJJ Rotational Acceleration
LS-DYNA response types SN o
erEO;TC Distance
Mode Tracking LS-DYNA/Implicit oo
RRRRRR
RRRRRR
IIIIIIIIIIIIIIII L
CCCCCCCCCCCC
SSSSSS
.DY N A 9
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LS-OPT - State of the Art Optimization Software

About LS-OPT
Job Distribution - Interface to Queuing Systems

PBS, LSF, LoadLeveler, SLURM, AQS, etc.

LS-OPT might be used as a “Process Manager”
Shape Optimization

Interface to ANSA,
HyperMorph, DEP-Morpher,
SFE-Concept

META Post interface

Allows extraction of results
from any package (Abaqus,
NASTRAN, ...) supported by
META Post (ANSA package)

‘Tasks View &Ep |
Save Tas

Read Task

Common Mods

Nastran Leoad Case
LS-DYNA Load Case
Pam Crash Load Case =
Radiocss Load Case =
Abagus Standard Load Case
Abagqus Explict Load Case -

Optimization Task

Tasks View &p ‘o) ®

Root

& O/ optimization Task

O G Design Variable

|EI:I [@ov file

O FE_output

bvnna

NMORE
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LS-OPT - State of the Art Optimization Software

Applications of LS-OPT
Optimization

Size-/Shape optimization

Constraints, mixed continuous/discrete variables,
multiple load cases, etc.

Multi-Objective optimization (Pareto Frontier)
Reliability based design optimization

DOE-Studies, Design Exploration

Samplings: Factorial, Latin Hypercube, Space Filling, ...

Meta-models: Polynomials, Radial Basis Functions, Neural Nets
(FFNN),...

pEEISIESE
EEE3EBELE
EzE3EBEIE

bvnna
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LS-OPT - State of the Art Optimization Software

What is a Meta-Model ?
(Synonyms: Approximation, Response Surface, Surrogate model,...)

Respon%
values o

ot

>

o] Q

O

O
Design
space

Starting (base)
TbOvnna 12
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LS-OPT - State of the Art Optimization Software

Applications of LS-OPT
DOE-Studies, Design Exploration

Visualization: 2D/3D sections of the surfaces, 1 or 2 selected variables vs. any response

B4 Project: com AUDI - Gu und Ab LS-OPT Viewer <

HE &b B @[] s | oo
= ||

=)« slider controls for
== | interactive browsing

aaaaaaa

ssssssssss

SBA_VENT
FAB_ADTI 052 O
GUR_FORI
GUR_ENDEDSa ()

BrustA3ms-05a

Variable and : GUR_FOR1
response selection ... "

I [ Xy | Xz | Yz : ;?: 5 ls?llleie
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LS-OPT - State of the Art Optimization Software

Applications of LS-OPT

Sensitivity Studies
Contribution of variables to system performance
Identification of significant and insignificant variables

Ranking of importance

Global Sensitivities Plot

B ThickMin
B ThickRed

yield stress (71.4% - 71.4%)
BindForce (13.3% - 84.8%)
fricl (6.8% - 91.6%)

fric3 (4.4% - 96.0%)

fric2 (3.1% - 99.0%)

fric4 (1.0% - 100.0%)

0 20 40 60
% Influence on Responses/Composites
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LS-OPT - State of the Art Optimization Software

BY LS-PRE

Applications of LS-OPT
Parameter ldentification

.
MSE(x) = %ZWi — min
i=1

»Test curve

Simulation curve

< Info Strategy  Solvers Dist  Variable Samplin Histories Responses Objective  *

LISERDEFIMED " Target curve =~ Responses
GEMeric Extraction Test a2 Casel
Composite . Computed cu Gasea
: g T ) MSE1
Composite-Express | F1_ws_d1 e N
Special Functions Mumber of equidistant interpolated regression points |-
Injury Criteria (blank implies use points from Target curve only )
Cunre Mappin
s Expert mode |
Response-Express e
Sty e Mossiotins 10 W
<E_—_—1> < I >
Case nfa ~ | Subcase | (none) -
Multiplier | n/a Offset  nia Mot metamodel-linked
Response MSE1
Show def. . Add Replace Delete

bvnna 15

NMORE



LS-OPT - State of the Art Optimization Software

Applications of LS-OPT

Parameter ldentification
Ordinate based mean square error function (MSE)

A

/Simulationskurve: F(x,z)

GF
Q)N
=
- i
._9 1
O 6
Y

1 Versuchswerte
Interpolierte Versuchskurve G(z)
bvna
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LS-OPT - State of the Art Optimization Software

Applications of LS-OPT

Parameter Identification
New Approach: Curve mapping

(é_fin’ i")
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Curve a
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LS-OPT - State of the Art Optimization Software

Applications of LS-OPT
Robustness / Reliability Analysis

Consideration of uncertainties o
Evaluation of reliability (probability of failure) p o~
Statistics = & -
Correlation Analysis 1

Outlier Analysis N

@ o R
tbumper o " -0.19 0.08
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LS-OPT - State of the Art Optimization Software

LS-OPT can be linked to any simulation code - open system and
stand alone optimization software

LS-OPT Support-Webpage -> www.lsoptsupport.com

Many examples, tutorials, FAQs, HowTos...

@ = VWelcome to LS-OPT Support Site... — LS-0PT Suppert Site - Mozilla Firsfox & -~
Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

B Welcome to LS-OPT Support Site... — B

LS-OPT Support

only in current section

| DOCUME
Navigation Welcome to LS-OPT Support Site...
Getting Started
Dacuments LS-OPT, the graphical optimization tool that interfaces perfectly with LS-DYNA,
Examples
HowTas allows the user to structure the design process, explore the design space and compute optimal designs accarding to
Glassary specified constraints and abjectives. The program is also highly suited to the solution of system identification prablems
Downloads and stochastic analysis.
F,»j«";zs The graphical tool L5-OP Tui interfaces with LS-DYMA and provides an environment to specify optimization input,
Mews manitar and contral parallel simulations and post-process optimization data, as well as viewing multiple designs using
About us LS-PREPOST
Hews Applications: Design Optimization, Design of Experiments (Sensitivity Analysis), System Identification. Reliabllity

Mew Curve Matching Metric

inLS-OPT 4.2
Aug 18, 2011 Optimization
Full Vehicle MDO - ===
Example - Size-/Shape optimization
Jun 03, 2011 - Constraints, mixed continuous/discrete variables, multiple load cases, etc
Release of LS-OPT® * Multi-Objective optimization (Fareto Frontier)
Version 4.2 - Reliability based design optimization
May 13, 2011 - Mare

Official Release of

1o Taorm T
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Licensing of LS-DYNA, LS-OPT, LS-PrePost

- m LS-PREPOST
. - supports all LS-DYNA features

= LS-DYNA Solver - unlimited number of license
- classic explicit solver

- implicit features

- SPH and EFG

- Euler, ALE-Method and FSI
- corpuscular method

- CFD solver

- optimization, stochastic analysis
- advanced methodologies

| . - no additional fee
- SMP and MPP platforms e

- network and node locked license

- all features includes " m Support by DYNAmore
- experienced staff give support |

- telephone or e-mail support included

- direct access to staff of DYNAmore

- full supports for all three products

- info support mails

___________________________________________________________

. m DYNAmore Toolbox
. - many tools for daily work
- no additional fee
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Ausblick auf LS-OPT 5.0
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Ausblick auf LS-OPT 5.0

B Bisher mogliche Prozessketten innerhalb Optimierung mit LS-OPT:

Preprozessor Solver Postprozessor

B Neue Anforderungen: komplexere Prozessketten, Verzweigungen

Morpher | Geometric| R Morpher
A variables B
|
Process | E—» Injectionl molding
variables o J Cooling
!
Warp [---+| Warpage
: Fiber orientation .
Mapping — FE mesh
|
! } ]
Variables > Stat|c. Cra:ush N\./H
Analysis ; '
Pesmomoeoooeoeoes e — | Responses
bvnna
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Ausblick auf LS-OPT 5.0 - Ziele

B Prozesssimulation & Optimierung
Prozess-Ablauf mit Verzweigungen und Zusammenfuhren
Ausgabe-Dateien: kopieren, loschen, verschieben, ...
B Schrittweise Ausfiihrung moglich
z.B. nur Sampling
oder einzelner Teilschritt der Prozesskette
M Status der Berechnungen bzw. Optimierung wird dargestellt
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Ausblick LS-OPT 5.0

B Neue graphische Oberflache (Entwicklungsstand)

Metamodel based optimization&n

|Samp|ing sampling

_ ¥

FE_Morpher

6 vars, 3 hists, 20 resps

°

2 objectives |
3 constraints 3

: Domain .
reduction
. : ( Termination
Finish v
| criteria

Composites
3 definitions

B vars, 11 points

o

\¢

& vars, 0 hists, 0 resps

‘.- Map_fibe r_tc_mesu

. {

Crash_Analysis
6 vars, 0 hists, 0 resps

Y
Modal_Analysis
6 wars, 0 hists, 0 resps

¥
Molding_Morpher
6 vars, 0 hists, 0 resps

°

|
ke

Molding_Analysis
B vars, 0 hists, 0 resps

o J

|.
:

Cooling_Analysis
B vars, 0 hists, 0 resps

o ]

|
. r

Warping_Analysis

o J

B vars, 0 hists, 0 resps

|

) &

T
R

A}
Build Metamodels
20 linear surfaces
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Vielen Dank
fur lhre Aufmerksamkeit!
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