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About LS-OPT

" LS-OPT is a standalone optimization software
—>can be linked to any simulation code
" |Interface to LS-DYNA, MSC-Nastran, Excel, Matlab

" User-defined interface
" |nterfaces to preprocessors,
e.g. for shape optimization

® |nterface to LS-PrePost,
ANSA, Hypermorph,

= User-defined interface
to any preprocessor

® Result extraction
® |nterface to META Post
® User-defined interface
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About LS-OPT

" LS-DYNA Integration
" Checking of LS-DYNA keyword files (*DATABASE )

" |Importation of design parameters from LS-DYNA keyword files
(*PARAMETER) = ]

Setup Parameters | Histories = Responses | File Operations
= Support of include files . R

New response @ D3PLOT

(*I N C L U D E) Name Subcase Multipiler Offset DBBEMAC

Displ l [ [1 | o | DEBFSI

. . _ DEFORC
" Monitoring of LS-DYNA e metamadabimes ||
FLD
Component Direction _
progress O Coordinate @ X Component FREQUENCY Pl

@ Displacemen t () Y Component EE:;:T
| R |t t t' f t O Velocity () Z Component
esult extraction or mos e on o2 compe o
) Rotational Displacement -
LS-DYNA response types | - wimivea ==
(O Rotational Acceleration =| | NCFORC
| D3 I t 1 (© Deformation NODOUT
p 0 CompreSSIOn () Distance :;i::
1 IdentifierType ID .
(node and part selection) | "7 f ]
Select From time  To tim RWFORC
[ Maximum Value 2| | | [ | 22;:;;
F”termgi SPCFORC
| SAE Filter = SPHOUT
Frequency Time uni t ERC
|60| ] | Seconds = H L
D) | Gl >
Cancel | | oK | ‘ oK |
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About LS-OPT

" Current production version is LS-OPT 5.2

" LS-OPT Support web page
-2 WWW.Isoptsupport.com

Download of Executables

. ®. p
I utOrIaIS Datei  @earbeiien Ansicht Chrond Lesezeichen Edras Hifle
W Welcame to LS-OPT Suppor Site. —... %

HowTos / FAQs LS-OFT Support
Documents

Nanigation Welcome to LS-0OPT Support Site..

LS-OPT, the grap i tool that i perfectly with LS-DYNA,

LRCRL ] allaws the user to structure the design process, explore the design space and compute optimal designs according to

specified canstraints and objectives. The program is also highy suited to the soiutan of 5 on problems.
and stochastic analysis

The graphical taal LS-0OF Tul interfaces with LS-0vNA and pravides an emaronment to specify optimization input,
manitar and control paraliel simulations and post-process optimization data, as well as viewing multiple designs using
LS-PREPOST.

News
About us

Applications: Design Optimization, Design
Studies

01t Q Optimization

- Se-fShape aptimization

2011 « Canstraints, mixed continuous/discrete variables, mulbple load cases, eto.
M v optimization (Pareta Frontier)
- Reliability based design optimization

2011 « mare

Analysis)

1. Refiabilty

Official Redeas
LS-TaSC (Tapalagy and M System-Parameter |dentification

SNape Computation) I
available [

+ Material parameter evaluation

Apri9. 2011
. - - « Calibration of test results
352 Of LS-Tasc
+ mare
(Topalagy and Shape

Camputation] available a

Feb 02, 2011 - Design Exploration
more &

- Meta Models: Interelation design variables vs. system responses
+ Study of design changes
« mare

r Sensitivity Studies
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http://www.lsoptsupport.com/

Robustness Analysis with LS-OPT
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Motivation

= Simulation

" Design parameters (sheet thicknesses,
material properties, ...) fully controllable

" Reality

" Design parameters are associated
with uncertainties

" Sources of uncertainties I~
" Manufacturing imperfections \ "*'ﬂ
= Load variations | "‘
= Environment variations " d’ww I

|

front mid - >

nnnnn

—2 Variation of design parameters (uncertainties) should be considered
In design process simulation
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Robustness Analysis

= Estimation of probability quantities of variables and responses
" mean response
" standard deviation + 4
= distribution function
" Analysis of relationship (sensitivities)
variables < - responses
= correlation analysis
" stochastic contributions

" Reliability of a system Nariable

= evaluation of probability of failure "

»
>

Constraint: scaled_stage2_pulse
998 samples
95% confidence interval in red

tl
t2

PDF :
Aﬁesponse EZ

- > t10

t64

failing fraction
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Coefficient of Correlation
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Robustness Analysis

= Uncertainties of variables

(sheet thicknesses, material properties, ...

" Probability density function
® Uniform distribution

® Normal distribution
||

= *PERTURBATION (LS-DYNA keyword)

" Geometric imperfections
" Material imperfections
- Buckling analysis

T

Preview Mean = 12.3; Std Dev = 1.1

0.3 /\

NIV

VAR
/ \

sheet thickness variation by a
harmonic random field,
amplitude: m=0,5=0.005mm
in both directions

LS-DYNA Keyword
*PERTURBATION
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Robustness Analysis

= Scatter of parameters constituted
by means of probability distributions

parameter

»
>

= Approximation of probability distributions
using appropriate samples = experiments

parameter

" Investigation of the FEA-model = system
using experiments

" Distribution of the system responses
" Permitted area?

response

" Approximation to exact distribution K

v
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Robustness Analysis

response distribution
(e.g. displacement)  flat Increasing Uncertainty of
N - wide Simulation or Test Result - -

samples

* 1 parameter

* deterministic system
(unigue responses)

a
>

parameter

(e.g. sheet thickness)
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Robustness Analysis

" Monte Carlo Analysis using direct simulations
" Random process
" Large number of simulation runs (100+)

" Monte Carlo Analysis using Metamodels

" Construction of a metamodel
(Polynomials, Radial Basis Functions,
Feedforward Neural Networks)

-

o Task selection &

Main task
Metamodel-based

() Optimization

Direct simulation

@ Monte Carlo analysis

" Number of simulations depends
on number of variables

" Reliability, Robustness Analysis | | Saie

i *meta.lsopt - LS-OPT 5.0
h h + /b " [ﬁ Metamodel-based Monte ( arlonn-

| Sampling SOLVER_1

through functional evaluation B
of sampling points (109)
on the metamodel

Finish

I2 vars, 10 sp filling design:

!

LE-DYMA SO I_VER_].
3 pars, 1 hist, 2 resps
|

| Monte Carlo
[ 0 constraints | |
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Metamodel-based Methods

®
values ®

»
»

Objective

Design
space
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Visualization of Results

" Histogram and Boxplot

Constraint: TOP DISP
10000 samples: Mean = -228 Standard Deviation = 7.28
P[x=<-230] = 0.391

-

=ean
Standard Deviation
—Constraint LB

300

250

200

150

100

50

-250 -240 250 \ \Q%N\ -210 200
Boxplot with\hiskers with maxi 1.50 IQR
1. quartlle median | | 3. quartile
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Visualization of Results

= Statistics Summary

Constraint: scaled stage2 pulse
998 samples: Mean = 1.04 Standard Deviation = 0.0731
95% confidence interval in red

Std Dev

Mean

0

0.2 0.4 0.6 0.8
Value

" Probability of constraint violation

Probability of violating bounds

Constraint: TOP_DISP

10000 samples: Mean = -228 Standard Deviation = 7.28
95% confidence interval in red

P[x>-210] /
PIx<-230] ,

0 0.2 0.4 0.6 0.8
] = 0.0125

95% confidence interval
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Visualization of Results

= Sensitivities

_ 0 . .
= Correlation 95% confidence interval

Constraint: TOP_DISP
10000 samples
95% confidence interval in red

Tl
SIGY

a1 -0.75 05 -0.25 0 0.25

Coefficient of Correlation

®= Covariance

Constraint: TOP_DISP
10000 samples

Tl
SIGY

0.05 0.1 0.15 0.2 0.25 0.3
0 | | 1 ' 2
Covariance
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Visualization of Results

Variables

|

Responses

Composites|

Sensitivities
= Correlation Matrix

Va

0o

riables

o>
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t10
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Visualization of Results

" History Statistics
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DYNAStats

" Fringe of statistics on the FE model
" Evaluation of node and element statistics through d3plot files

" Buckling Analysis - Fringe Components of Displ-Variance (40 runs)
" Here: Standard deviation of y-displacements of each node

| _ — 7 of y-displacement
o7 V " . a ‘ ‘ﬁ i et —iffem::f::,,.-- a s
- . - - | : O :

Xt '/ ' RUN 1
Buckling mode A

RUN 8
Buckling mode B

Courtesy
DaimlerChrysler




Optimization considering uncertainties
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Optimization

" Deterministic optimization
" Minimize Objective Function subject to Constraints
" Optimum very often lies on the constraint boundary

700q

B0

o500

400

Hc (objective)

3004

CH
Constraints A

100

_— Optimum

» Not
, L Robust!

4 i thood

tbumper
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RBDO/Robust Parameter Design

" Includes uncertainty of variables and responses into optimization

" Requires statistical distribution of variables T ]
. . Distribution Name[area |
" Control Variables (Design Parameters) o o 2
" Nominal value controlled by designer Mean 2 |
m Gauge Standard Dev [0.1 |
Preview Mean = 2; 5td Dev = 0.1
= Shape 4
" Noise Variables (Environment) 7 \\
" Values not controlled by designer but can vary |/
" Load ‘
" Yield stress Cancel || ox |
= Friction [ ———
Parameter Setup | Stage Matrix | Sampling Matrix | Resources = Features
[[] Show advanced options
[] Enforce Variable Bounds
Type Name Starting Minirmum Maximum Distribution Delete
lNoise ‘ ~ |[Area | area |E|& ®
lContinuous ‘ v |[Base |[ 0.8” D,ll[ 1.6/ (none) |E|& x
Add...
Ibvnna




RBDO/Robust Parameter Design

" Robust Parameter Design (RDO)
" |Improve/Maximize the robustness of the optimum

" Reliability Based Design Optimization (RBDO)
" Improve failure probability of optimum

RDO RBDO

x2
Area
N Stress = Force / Area

Stress

S\

PN

UAWN

Area
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RBDO/Robust Parameter Design

" Method to solve RBDO/RDO
" Metamodel-based optimization

— _ -
Statistical distribution Setup b _ | sampling CRASH
Of Varlab|eS \ 9 parameters [Y y r|.9 vars, 1000 d-opt designs
\—/
- _ - - Domain reduction a @ l -
Finish (SRSM) oy CRASH
A ) ' T g _ 9 pars, 9 hists, 15 resps
Verification | _ .I_Terminaticn criteria_
1 design - Titerations
. ‘ Optimization
RBDO . ) |’ 4 objectives w|
limit on probability of failure | [ #consiaints @
for constraints d ! - Y -
. Composites Build Metamodels
RDO' | T definitions | 15 linear surfaces 4

objective standard deviation
of response/composite
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Tolerance Optimization

" RBDO/RDO
" Variables associated with distribution
" Mean variable values (distribution means) are optimized

" Tolerance Optimization
" Variables associated with tolerance values
- Optimize nominal design variables and tolerances
" Maximize tolerance

= No failure within tolerance ‘Performance
—> incorporate uncertainties into optimization
If variable distributions are not available Tolerance '
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Tolerance Optimization

" Tolerance optimization requires large number of function evaluations
— Performed in two steps to avoid high computational costs
= Step 1: Deterministic metamodel-based optimization
" Single lteration or Sequential
" many simulations (quality of metamodel!)
" Nonlinear metamodel (RBF, FFNN, ...)

— Global Metamodel
— Bound for optimal value

Tbvnna
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Tolerance Optimization

= Step 2: Multi-level setup
Hv Ev 'I'v /'_ }_ 4 Direct simulation based optimization &0 |—1|

| Sampling Sampling

Setup 11 Transfer variables:
T parameters | Twars, 100 designs _ N0m|na| deS|gn Varlables

- . - | Termination criteria l B - TOlerance.Sca|e -Iiactor | | |
ST i used to define variable distributions

Outer IeVEI '-_ Optimization )
(MOO - direct GA) | | s
- Composites ' Metamodel-based Monte Carlo &3 - -
5 definitions
-
Setup ([ sampiing Sampnnm\
© vars, 100 sp filling designs

- Probability of failure e S
for each constraint
Monte Carlo ‘| ? Stage1

- Mean value of objective Finish - el
J 4 constraints ° 9 pars, 5 resps

4

Composites Build Metamodels |
4 definitions J‘ 5 neural net surfaces
Metamodel

Inner level
(metamodel based generated
in Step 1

Monte Carlo Analysis)
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Example Tolerance Optimization

" Full frontal crash of Chevrolet C2500 Pickup truck
" FE model: National Crash Analysis Center
" Simulations performed with LS-DYNA
"  Optimization problem:
" Minimize mass
" Constraints on stage pulse responses and intrusion

®  Consideration of uncertainties
—> Tolerance optimization

Neug)___yggi

e

6 thickness design parameters
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Example Tolerance Optimization

Inner level Monte Carlo Analysis

" Histogram with mean values and standard deviation
" Background colored by feasibility

Displ
std = 0.000108

Mass
std = 0.000137

Displ
std = 6.7e-05

Mass
std = 0.000112

Displ
std = 0.000757

Mass
std = 0.00127

Constrat; Dis

10000 samples: Mean = 0,971 Standard Dewation = 0.000108

Constrant: Scaied Mass
10000 samples: Maan = 1 Standard Deviation = 0.000137

4507 =ean w=hiean
4004 Standard Deviation
o ot
P :
g asof g
s ]
: 50- 2
= 100- B
»
0.57 71
Constraint scaled_stagel_pulse Constraint scaled_stage2 pulse
10000 samples: Mean = 1.03 Standard Deviation = 0.000212 10000 samgles: Mean = 1.02  Standard Deviation = 0.000223
—ttean
Stndord Devaton
itcan i
: H
= H

163

Constraint: Disp.

10000 samples; Mean = 1 Standard Devistion = 6.74e-05

400

hiean
Standard Deviation
=Median

350

300

250-

200

Number of Samples

100

50

Constraint scaled_stage1_pulse
10000 samples: Mean = 0,925 Standard Deviation = 0000177

300 hean
Standard Deviation

250 = Median

200

100

Number of Samples

50

Number of Samples

Number of Samples

Constraint: Scaled_Mass
10000 samples: Mean = 0,833 Standard Deviation = 0.000112

500 ean
‘Standard Dewation
=Median
400
300-

200

33

Canstraint: scaled_stage2_pulse
10000 samples: Mean = 0,873 Standard Deviation = 0.000185

a00] =Mean
Standard Devation

=Median

Constraint: Disp.
10000 samples: Mean = 0,998 Standard Deviation = 0,000757

=Mean
Standard Deviation

=Median

3

5

%

3

F

]

ol
0.9% m
Constraint: scaled stage1_pulse
10000 samples: Mean = 0,926 Standard Deviation = 000202
=Mean
Standard Deviation

—~Median

5

a

%

a

5

2

Number of Samples

Number of Samples

Constraint: Scaled_Mass
10000 samples: Mean = 0,835 Standard Deviation = 0.00127

=hean
Standard Deviation
Median

Constraint: scaled_stage2_puise
10000 samples: Mean = 0,986 Standsrd Deviation = 0.00206

=Mean
Standard Deviation
~=Median

Stage Pulse 1
std = 0.000212

Stage Pulse 2
std = 0.000223

Stage Pulse 1
std = 0.000177

Stage Pulse 2
std = 0.000185

Stage Pulse 1
std = 0.00202

Stage Pulse 2
std = 0.00206

Baseline run

Deterministic optimum

Selected Pareto solution
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Example Tolerance Optimization

= Quter level MOO

" Tradeoff plot of Pareto optimal solutions

Tradeoff Plot

Obijective "obj_tol" vs. Objective "ScaledMeanMass"
(Results of Iteration 75)

-0.8340s4 4

A
4
-0.835 2
P
-0.836- ﬁ

N 4
% .
E -0.837 i
A
A

-0.838

-0.839°" -
0.01 tolerance 0.1

—> tolerance as well as the mass could be improved
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Summary

" Monte Carlo Analysis (Robustness Analysis)
" Direct or metamodel based
= Estimation of PDF, mean, standard deviation, ... of responses

= Significance of parameters
" Correlation coefficients
" Stochastic contribution (only metamodel based MC Analysis)

Reliability of system
Confidence intervals

Buckling Analysis
" DYNAStats: fringe of statistics on the FE model
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Summary

" Reliability Based Design Optimization (RBDO)
" Probabilistic bounds on constraints

" Robust Parameter Design
" Minimize Standard Deviation of response

" Tolerance Optimization

" |ncorporate uncertainties into optimization if no distribution information of
the variables is available

= Maximize tolerance
® no failure within tolerance
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Outlook Robustness Analysis with LS-OPT

" Reliability

" Accuracy: small probabilities.

- Sequential Adaptive Reliability Analysis

" Tolerance Optimization

= Simplification to single level setup
" History Statistics

" Correlation with variable or response

" Variable Contribution

= Rework of DYNAStats GUI
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Thank youl!
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