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Overview

B Introduction/Features of current Version 4.0
® Methodologies — Optimization

B Methodologies - Robustness

® Examples - Optimization

B Examples — Robustness
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= Methods — Optimization
= Methods - Robustness

Introduction / Features &l

= Version 4.1 / Outlook

About LS-OPT

B |S-OPT is a product of LSTC, current version: V4.0

B major new release with many new feature
particularly within the viewer (visualization of results)
- next presentation “Methoden zur Visualisierung
von Ergebnissen aus Optimierungs- und DOE-Studien*

B Beta version 4.1 available by end of this year

B |S-OPT can be linked to any simulation code —
stand alone optimization software

B Perfect suitable in combination with LS-DYNA
B Two main products LS-OPT and LS-OPT/TopO|C= o
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LS-OPT - Overview Methodologies

B Successive Response Surface Method (SRSM)
B Meta-Models

® Polynomials

pygyEgesd

B Radial Basis Functions
B Neural Nets (FFNN)
B Genetic Algorithm (MOGA->NSGA-II)

B Multidisciplinary optimization (MDO)
uuuuuuu 00 [T I N I T ) I R
® Multi-Objective Optimization (Pareto Front) :- o R g
. = . e % Ll 039 | 061 | -050 ﬂ!!
DOE-Studies (ANOVA, Sobol) e
B Parameter/System ldentification £ o . W
B Stochastic/Probabilistic Analysis - _ ‘s

® Monte Carlo Analysis using Meta-Models
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Introduction / Features il -
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LS-OPT - Overview Methodologies

B Mixed Discrete-Continous Optimization

File Task Help

. SpeCify Sets Of discrete ,ﬁ| Solvers | Dist | Variables sampling ] H\StOrIeS] Responses | Objective | Constraints ]ﬁ| \new] DYNA Stats |
Variables (e.g. Sheet Design Variables Minimum Range

Type Name Starting Range Minimum Maximum
thicknesses ) | Variable | @fcradie_reis 103 ] E E Sadde Direction
| variable ® |crad|e_csmbr ‘1.93 | |1 |3 LHlnimize
® Robust Parameter Design (RDO) | @: : : :
| Variable | shotgun_outer |1.3 1 2.5 5 st
. Improve/Maximizing the Discrete Var ' |rai|_inner ‘2 Values ,m
. | Discrete Var | &) |rail_0uter ‘1.5 Values lm
robustness of the optimum T P T N

| Delete a Variabla |

B Reliability Based Design Optimizatioﬁ?%%EO)
B /mprove failure probability of optimum

M Visualization of Stochastic Results
B Confidence Intervals, reliability quantities
B Fringe of statistic results on the FE-Model
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About LS-OPT
® Job Distribution - Interface to Queuing Systems

B PBS, LSF, LoadLeveler, SLURM, AQS, etc.
W Retry of failed queuing (abnormal termination)

HLS-OPT might be used
as a “Process Manager”

‘Tasks View & o=
Save Tas

Read Task

Common Mode

Nastran Load Case

B Shape Optimization

B /nterface to ANSA, Sl
Radicss Load Case -

HyperMorph, DEP-Morpher,
SFE-Concept

B META Post interface
B Allows extraction of results

ABbagus Standard Load Case
Bbaqus Explict Load Case -

Optimization Task

Tasks View & o @

from any package (Abaqus, Root
NASTRAN, ...) supported by »UER s e
META Post (ANSA package) Fm B2 Design Varisble

T O FE_o-utput
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About LS-OPT
® Parameter ldentification Module

B Handles "continuous"” test curves —YW| A

W Automated use of test results to !
calibrate materials/systems

. P . . p i K |
identification applications | = ™°
Info ] Solvers 1 Dist ] Variables ] Samnpling ] Historiey/ Respdnses lObjective ] Constrainks ] Fun ] Vigw ] DA Staks 1
W Visualization of test opoma A o - | e
and simulation curve to DT oo _
Standard Deviation 2 s gz - MSEZ
Compare g’lﬁagr]i_ifxpression Murnber of regression poinks (blank for default)
= I
W Confidence intervals for CEFoRe Erpet mode
. .. . FLD b v
individual parameters in < 3 | >
parameter identification case | | J =
Scale Factor Cffset Jull
Respanse Name |MSE2 Show def. ., Add Replace Celete
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About LS-OPT
mLS-DYNA Integration
B Checking of Dyna keyword files (*DATABASE )

B /mportation of design parameters from Dyna keyword files
(*PA RA METER_) 8% “Small car crash optimization problem: LINEAR" (File: com) DOE Study

File ‘iew Task Help

. Monitoring Of LS—D YNA Info ] Solvers ] Dist: ] Variables ] Sampling ] Histories Responses lObjective ] Constraints ] Run ] Wiewer ] D¥MA Staks ]

IISERDEFIMED S = —|- Responses
ro reSS Composite Identifier Tvpe jin] 50

Cormposite-Expression |ID j |432 Disp2

MeanSaErr P

Response-Expression Component Component Displ
' Stanﬂard Desviation " Coordinate " Chest Severity Index R i
esulit extraction or mos Malrix Expression : ; ass
AESTAT " Displacement * Head Injury Coef (15ms)
BNOOUT " Welocity " Head Injury Coef (36ms) =

L S_ D YN A response t es D3PLOT & e Tnkrusion
DEFORC " Rotational Displacement Gravitational Acceleration

E::SUT " Ratational Yelocity " Miliseconds

FREQUENCY " Rotational Acceleration (* Seconds

. D3p/0t CompreSSion gfgﬁﬂr ATy Coeffieent Gravitational Acceleration

INTFORC 9510, 00000

(node and part selection)

MCFORC

OpoL Filkering

NODFCR

PSTRESS Wl =
REDCLT

RCFORC

RWFORC

SETOUT

SECFORC v < s l< 3

Case | 1 ﬂ

Multiplier |1 Offset |El I~ Mot metamodel-linked

Response Mame |HIC Show def ... | Add | Replace Delete
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About LS-OPT
B |S-OPT Supportwebpage -> www.lsoptsupport.com

B Many examples, tutorials, FAQs, HowTos...

& Welcome to LS-OPT Support Site... — LS-OPT Support Site - Mozilla Firefox
Datei Bearbeiten Ansicht Chronik Lesezeichen Extras  Hilfe
B Welcome to LS-OPT Support Site... > | | Index of fbetalsopt/3.3/Training > M Exarnples — LS-OPT Support Site < -

Search Site A gearch
[T only in current section

LS-OPT Support

Home Welcome to LS-OPT Support Site...
W About LS-OPT

— filed under: |sopt, optimization, stochastic analysis, |s-opt

LS-OPT, the graphical optimization tool that interfaces perfectly
with LS-DYNA, allows the user to structure the design process,
explore the design space and compute optimal designs according to
specified constraints and objectives. The program is also highly
suited to the solution of system identification problems and

stochastic analysis. 2 -
Ls-0PT Meta models: Artificial
The graphical tool LS-OPTui interfaces with LS-DYNA and provides an Meural Metworks

enwironment to specify optimization input, monitar and control parallel
simulations and post-process optimization data, as well as viewing
multiple designs using LS-PREROST.

m Documents
amnples
W Glossary

m

Al

Recent Content
[ Which msts model to
choose?

@ LS-0PT 3.3

[ Integrating ANSA

[@ Setting parametars for
metamodel-based

optimization strategies
[ Getting Started

allowrs refinement of the solution and
convergence to an optimum. The method is
known as SRSM {Succcessive Response
surface Method).

Feedforward neural networks

Radial Basis Functions

Polynomial response surfaces

Stochastic Analysis

= Monte Carle analysis

= Robustness evaluation

the description of the optimization
formulation and process.,

Preprocessors as for example ANSA,
Hypermesh or Truegrid can be incorporated
into the design cycle in order to apply shape
optimization.

& comprehensive LS-DYNA interface
allows access to the ASCII binary
databases. Minima, maxima and averages
can be requested. Response filtering can be
used.

= Mathematical expressions may be used to

News
[ L5-0PT 3.3 released Applications: Design Optimization, System Identification, Stachastic Analysis
Mar 14, 2008 x
[ LS-OPT 3.2 released 3 i g . B e
san 16, 2008 | Metamodels/approx. Schemes Oplimization/Interfacing e
More news. = & successive approximation procedure = & command language forms the basis for S—

Response Surface Based
Warishle Screening

= =

W
Stochsstic Simulation

hittp:/ o Isoptsupport.com/examples

Neue Entwicklungen in LS-OPT 4.0, Ausblick auf Version 4.1 — 16.11.09 « DYNAmore GmbH, Copyright 2009 » www.dynamore.de
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Response Surface Methodology - Optimization Process

®
Respon/
values ®

»
»

Objective

Design
space

(Range)

Starting (base)
design

C@ )

S/,

9n Va’Vab/
eo
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MethOds - optimization :Examples-Optimization

Examples - Robustness
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Find an Optimum on the Response Surface (one iteration)

Starting value on response
surface

Optimization of sub-problem
(response surface) using
LFOPC algorithm

Optimum (predicted

~_— by response surface)

Optimum (computed :
by simulation using ~ ‘

design variables)
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Successive Response Surface Methodolog

A = S s a——— — — a——— s — -

Region of

intéreét

| ______________ startlngdeSIQn ............. . / _____________ |

Design Variable 2

Des:Lgn ______ g pace

»

Design Variable 1
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Design of Experiments (DOE) - Sampling Point Selection
® Koshal, Central Composite, Full Factorial

B D-Optimality Criterion - Gives maximal confidence in the model

® Monte Carlo Sampling | Number o Bxperiments
M L atin Hypercube Sampling (stratified Monte Carlo) il<io iAo |
. _ ."gt2|Ai><EOE =]
® Space Filling Designs fo[mix<i0oiAa] |
® User Defined Experiments Tu[0T TOIATX]
design space

>< O A\ [1- experiments
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Methods - Optimization :

Examples - Optimization
= Examples - Robustness
= Version 4.1 / Outlook

Response Surfaces (Meta Models)
® Linear, Quadratic and Mixed polynomial based

M Radial Basis Functions, Feed Forward Neural Networks and Kriging for
global approximations

130 In
4L b
kL] 0
290 200
280 280
27m m
260 260
280 ]
240 240
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Robustness Investigations * Version 4.1/ Outlook
Stochastic Analysis - Goals
W Statistical Quantities of Output (Response)
due to Variation of Input (Parameter) —
parameter
B Mean

B Standard deviation
B Distribution function

B Significance of Parameter with
respect to Responses

B Correlation analysis
B Stochastic contributions
B ANOVA — analysis of variance
B Reliability Issues
W Probability of failure
B Visualization of statistical quantities on FE-model
B Spatial detection of variation/correlation

parameter

response
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RObustness Investigations = Version 4.1 / Outlook

Statistical Quantities of Output due to Variation of Input
M Direct Monte Carlo Sampling

W [atin Hypercube sampling

W [ arge number of FE runs (100+)

B Consideration of confidence intervals for mean, std. dev., correlation coeff.
exact value estimated value

| \

response I | >
distribution number ™~
of experiments
1 Ly
response accuracy 1 >
distribution increases P
response ] ,

distribution
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RObustness Investigations = Version 4.1 / Outlook

Statistical Quantities of Output due to Variation of Input
B Monte Carlo using Meta-Models

B Response Surface / Neural Network
® Medium number of FE runs (10 — 30+)

B Number of runs depend on the
dimension of the problem

(number of variables) and the type
of the response surface

B /dentify design variable
contributions clearly

B Exploration of parameter space
->D-SPEX

IeeeoLeeee @
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Robustness Investigations * Version 4.1/ Outlook
Stochastic Analysis - Goals
W Statistical Quantities of Output (Response)
due to Variation of Input (Parameter) —
parameter
® mean

W standard deviation
W distribution function

B Significance of Parameter with
respect to Responses

B correlation analysis
B stochastic contributions
B ANOVA — analysis of variance
B Reliability Issues
W Probability of failure
B Visualization of statistical quantities on FE-model
B Spatial detection of variation/correlation

parameter

response




Methodologies —
Robustness Investigations

Significance of Variables
B Correlation Analysis

B ANOVA - Meta-Model based

= Introduction/Features o RE
= Methods — Optimization

= Methods - Robustness

= Examples - Optimization

= Examples - Robustness

= Version 4.1 / Outlook

M Stochastic Contributions — Meta-Model based

Correlation Matrix

0.02

-
a
c -0.17

-0.01

0.02

0.06

output

0.16

important variables

dicke_air
tumgl_alu
tumgr_alu
alfal_alu

alfar_alu

epsil_alu

epsir_alu

tumgl_stahl

lambda_stahl (discrete)

tumgr_stahl

alfal_stahl

alfar_stahl

epsil_stahl

epsir_stahl

dicke_alu (discrete)

dicke_stahl_scal

tumgebung
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Stochastic Analysis - Goals
W Statistical Quantities of Output (Response)
due to Variation of Input (Parameter) —
parameter
® mean

W standard deviation
W distribution function

B Significance of Parameter with
respect to Responses

W correlation analysis
B stochastic contributions
B ANOVA — analysis of variance
B Reliability Issues
B Probability of failure
B Visualization of statistical quantities on FE-model
B Spatial detection of variation/correlation

parameter

response
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Reliability Analysis
M Probability of failure
M Evaluation of confidence interval
M Prediction error (confidence interval) depends
M on the number of runs
B on the probability of event
B not on the dimension of the problem (number of design variables)

87 | = Verteilung max RWFOCE

7,

Probability of 8,4%
-— for violating the
FORCE-bound

1 1,05 1,1 1,15 1,2 1,25 1,3 1,35
Neue Entwicklungen in LS-OPT 4.0, Ausblick auf Version 4.1 — 16.11.09 « DYNAmore GmbH, Copyright 2009 » www.dynamore.de 21
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Stochastic Analysis - Goals
W Statistical Quantities of Output (Response)
due to Variation of Input (Parameter) —
parameter
® mean

W standard deviation
W distribution function

B Significance of Parameter with
respect to Responses

W correlation analysis
B stochastic contributions
B ANOVA — analysis of variance
B Reliability Issues
W Probability of failure
B Visualization of statistical quantities on FE-model
B Spatial detection of variation/correlation

parameter

response
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Robustness Investigations - Verson 41/ Outook

Visualization of Statistical Quantities on FE-model
B Standard deviation of y-displacements of each node (40 runs)

High Variance
of y-displacement

Courtesy
DaimlerChrysler
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Optimization of an Adaptive Restraint System 11D
: Auoi
B Four Different Front-Crash Load Cases (FMVSS 208)
Dummy 56 km/h — belted 40 km/h — not belted
Hybrid Il 5th Female H305a(ktiv) H305p assiv)
Hybrid Il 50th Male H350a(ktiv) H350p(assiv)

B PAM-Crash Model
B about 500000 elements

B wall clock simulation time ~19 h,
4 cpus, distributed memory

M Load Case Detection available

W Differentiation of the loadcases
belted / not belted and ="
“Hybrid Ill 5th Female“ / ,,Hybrid Ill 50th Male* possible

B Trigger time for seatbelt, airbag and steering column might be different
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Optimization Problem
H QObjective

B Minimize Thorax Acceleration
-> min BrustA3ms-05a
-> min BrustA3ms-50a
—-> min BrustA3ms-05p
—-> min BrustA3ms-50p

B Constraints < 80% of regulation requiremnts

® Head Injury Coefficient (15ms) W Thorax Intrusion

-> HIC15-05a -> BrustSx-05a

-> HIC15-50a -> BrustSx-50a

-> HIC15-05p —-> BrustSx-05p

-> HIC15-50p —-> BrustSx-50p

B Femur Forces (left/right) B Thorax Acceleration
-> FemurLi-05a —-> BrustA3ms-05a

-> FemurLi-50a —-> BrustA3ms-50a

-> FemurLi-05p —-> BrustA3ms-05p

-> FemurLi-50p —-> BrustA3ms-50p




* Introduction/Features Mo RE
= Methods — Optimization
= Methods - Robustness
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Examples - Robustness
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Application of Optimization

® Preferred Configuration at AUDI

B Adaptive Restraint System only for
Airbag and Seatbelt

W Reduction to 9 Variables in total
(active=6, passive=3)

B LS-OPT Approach: Successive Response
Surface Methodology (SRSM) using
linear polynomial approximations

W 34 runs per iteration

B D-optimal Design of Experiments (DOE)
M Results

W 8 jterations - total runs: 276

B all constraints are fulfilled

B minimization of multi-objective (second step) not applied

Optimum
global region of interest chosen
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Optimization Progress

H Optimization History
50/0 a kt I ve For Ohjective “BrustA3ms-05a"

c
(@]
—
©
— L}
0 -
o
(&)
<
: : : . x
; : ; ; (U Optimization History
starting deSign : g A For Objective "BrustA3ms-05p"
: : : L
- i —
: : : M e i e el S Aty Ay
o A WA O F i INO 0N e
1.5 7.8 =
T 5 o
f [l : et
1 |64 : o et el
; 3 1 :
= i I Optimization History
5 For Ohjective "BrustA3ms-50a"
B2

_______________________________________________________________________

---------------------------------------------------------------------------------

a result which meets all
requirements is gained in 8
iterations, each with 34 shots

Optimization History
For Ohjective "BrustA3ms-50p"




= Introduction/Features
Lk * Methods — Optimization

it = Methods - Robustness
< T -1 H = Examples - Optimization
Example | - S)ptlmlza/it%g (e i
.‘\1_,‘1 “"\3:\ __v/.\

= Version 4.1 / Outlook

) D

= Design Exploring with D-SPEX
T kot | W

} Figure 2: Plot Window #1 .. =i
DaES| k| RQaND|L|0E| =0 g‘

>

4;{1 Trigger Time Seatbelt and Force Limit vs. Thorax Acceleratio
: N |
SN -

5.

5.
54 [

8 52y,

L=}

oIE.’SU .

D ug

slider controls for
interactive browsing

44 )0
az )

..

55

4.5 50

45

a5

variable and
response selection

GUR FOR I
GUR ENDENSa.

|
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Parameter Identification of Plastic Material
B Material properties: nonlinear visco-elastic behaviour

B LS-DYNA hyperelastic/viscoelastic formulation - *MAT _OGDEN_RUBBER (#77)
B Hyperelasticity

W=Z3: 'n ad (/’Lf‘f —1)+%K(J—1)2

Bg,d

oQ
—_
~
~—
Il
1=
SQ
(\I
>
0
[E—
[\
(U]
M~
N
(@)
II

ar

t
t
; =1, 4, 93,74, 9, a gljkl t_
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Parameter Identification of Plastic Material
B Minimize the distance between experimental curve and simulation curve

M [ east-Squares Objective Function

F(x)=) {[y®)-fxF} - min F(x)

.25 T

\ Experiment  _ - o
A Simularion
2| ASS Experiment_ _ _ _
AS3 Simulation _

[kN]

015

Strain rate A —>
fit of Prony terms

L1

e i S ——

- quasi-static curve —
> Ogden fit

Resulticrende Kreafi

(.05 =
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Shape Optimization of a Crash Box
B Scope of optimization:

B minimize the maximum crash force
B steady-going force progression
B Shape variation by using Hypermorph and LS-OPT (20 design variables)

start design — no beads

—

==

o

displacement
Neue Entwicklungen in LS-OPT 4.0, Ausblick auf Version 4.1 — 16.11.09 « DYNAmore GmbH, Copyright 2009 « www.dynamore.de 31
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DAIMLERCHRYSLER

Robustness Investigations — Monte Carlo Analysis

B Variation of sheet thicknesses and yield stress of significant parts in order
to consider uncertainties

B Normal distribution is assumed

B 7 1134 (Longitudinal Member) mean = 2.5mm; o = 0.05mm
B 7 1139 (Closing Panel) mean = 2.4mm; o = 0.05mm
B 7 1210 (Absorbing Box) mean = 0.8mm; o = 0.05mm
B 7 1221 (Absorbing Box) mean = 1.0mm; ¢ = 0.05mm

B S 1134 (Longitudinal Member) mean=1.0 ; 0=0.05
B Monte Carlo analysis using 182 points (Latin Hypercube)




* Introduction/Features Mo RE
= Methods — Optimization
= Methods - Robustness
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Example I - RObUStness = Examples - Robustness
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DAIMLERCHRYSLER

Tradeoff Plot
B Monte Carlo Simulation

B |dentification of Clustering

internal energy

""""""""""""""""""""""""""""""""""""""""""""""""

sheet thickness T 1139
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Reliability Analysis
B Histogram of distribution

B Probability of exceeding a
constraint-bound

Min-Max Curves

¥ Plot of minimum, maximum
and mean history values

M Gives a confidence interval of
history values

. F>w ra.a
* Introduction/Features
= Methods — Optimization
= Methods - Robustness
= Examples - Optimization
= Examples - Robustness
= Version 4.1 / Outlook

DAIMLERCHRYSLER

Probability of 8,4% for violating

. 11 the RWFORC-bound

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 32 34 56

= \ax

Miimher nf Sammlag

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Examples - Robustness
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DAIMLERCHRYSLER

Design Variables - Uncertainties in Test Set-Up

Slip Ring Friction| | _ Airbag Mass Flow
sfrict | scal_massflow
: ) : ) -' Steering Wheel

Force Limit Retractor e |
forcelimit "

- =S4\ W Dashboard
- young_alu

X_transl

z_transl

Sled Acceleration
scalaccel

Slip Ring Friction
sfric2
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Stochastic Contribution - Results of 30 Experiments

c Standard Deviation Contribution } s,
o2 o) %
o T 8 2 3 ) %
8 é ® c 2 2 c=C | g .
s S g g 2 8 3 ¢ s
> o)) “—
5 g g < 5 9 5 9 g .
- 8
g 85 & -
scalaccel 2,57 3,194 154 0,1% 2,34 1.9%4 2,9% o
sfrict 25,0% 1,3% 0,64 4,14 1,8% 0,7% 0,7% Coptr!butlon Of.
sfric2 25,0% 0,5% 0,6% 0,19 3,74 0,1% 0,19 | variation of design
pre’[en 4,4% 0,0% 0,5% 0,0% 1,1% 0,3% 0,2% Variables to Varlatlon Of
forcelimit 5,6% 1,3% 0,44 4,494 0,694 1,4% 0,2% |
results
rot_stwh 4,8% 0,5% 0,1% 0,1%
transl x 50,0% 0,1% 0,1% 0,7%
transl_z 50,0% 1.2% 1,0% 0,3% Meta-model space
Residual space

all variables

residuals : % Total Variation
6,4% 3,4% 6,3% 9,4% 4,3% 4,1%
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Standard deviation of x-displacements of each node (120 runs)

(a) Deterministic (Meta—-Model) (b) Residual (Outliers)

A
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H L S-OPT/Topology (available end 2009)

B Nonlinear topology optimization
B [ S-DYNA based
B Multiple load cases

B [inear as well as non-linear e

B Design part selection —

It=1

B Methodology: Hybrid Cellular Automata
Ref.: Hybrid cellullar automata with local control rules: a new ar
Quevedo W., Patel N., Renaud J. (University Notre-Dame, Indl:
Structural and Multidisciplinary Optimization, 2005, Brazil




. Fw nna.a
* Introduction/Features
= Methods — Optimization
= Methods - Robustness

OUtIOOk —_— VerSion 4_1 = Examples - Optimization

= Examples - Robustness
= Qutlook - Version 4.1

=» Outlook — Version 4.1
B Generic File extractor

B Extraction of values from any ASCII input file
W Correlated Input Variables for Stochastic Investigations
B Additional injury criteria (DYNA extraction)
B /IHS, neck/tibia indices,...

® Full Factorial Discrete

B Schedule all combinations of discrete variables
B Discrete sampling on a variable basis

Eile WMiew Task Help

Info | Srrateg'y| Solvers | Distl Variables | Sampling | Histories | Responses Ohbjective | Constraints | Algorithms | Run | Viewer| DY MNA Stats

Design Variables
Type MName Starting Init. Range Minimu m Maximum SamplingType

Wariable &7 thumper 3. 1. 5. Ead Saddle Direction
= Minirmize &

-

Add a Variable

Delete a Variable
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B Improved Space Filling algorithm

B Greater accuracy: more boundary points
B Frequency/Mode Tracking
B Available for NASTRAN max [((PrTMr )(Pi |
B MAC and orthogonality criterion l
B Global Sensitivity Analysis with Sobol Indices (GSA)

B Pareto Optimal Solutions LoBtcszeesscmms
W Self-Organizing Maps (Ver. 4.1)
® Many new Features within the “viewer”

W e.g. history curves visualization
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