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Overview

LS-OPT overview

Overview of features in 3.0

Main features
> Improved Visualization
> Parameter identification

Outlook
> LS-OPT 3.1
> LS-PM: Process Manager

Conclusion
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LS-OPT Goals

Design Environment

for LS-DYNA
Tasks
= Identify important variables (variable screening)

Identify Sources of Uncertainty in FE models

= ldentify Material Properties from physical experiments (system
identification)

= Improve Performarnce, satisfy Design Limitsin an Uncertain
Environment (RBDO)

= Involve Multiple Disciplines/Load Cases (MDO)
= Simultaneous Visualization of results of mul/tip/e runs
= Manage a multi-stage process

I<
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LS-OPT Features

= Technologies
» Experimental Design (DOE)
e D-Optimal, Latin Hypercube, Space Filling
» Metamodels (approximations)
e RSM, Neural Networks
» Variable screening
» Probabilistic analysis
 Reliability, Outlier Analysis
» Optimization

= Computing Environment
» Multiple Processors
» Distributed Hardware

1<
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Overview of features
Version 3.0 (4" Quarter 2005)

= |LS-OPT for Windows

» Incorporates new Application Program Interface to speed up
development/facilitate porting

= System ldentification
» Automated use of test curves to calibrate materials/systems
» Response Surface-based
» Handles "continuous" test curves

» Stochastic fields (LS971)
» Geometry
» Shell thickness

= Improved visualization of stochastic results

» Extended LS-PREPOST visualization of design sensitivities
and importance of design variables 4
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Overview of features
Version 3.0

» Dyna d3plot interface
» LS-TAURUS interface retired
» d3plot binary read directly by LSOPT
» Additional d3plot capabilities
» extract results for an element or a node
< in addition to the maximum/minimum over a part.
» Improved diagnostics

» Reliability-based design optimization (RBDO)
» Specify probability of failure as design constraints

1<
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Overview of features
Version 3.0

= Simulation job distribution

» Automatic recovery of LS-DYNA databases from remote
nodes (d3plot, binout, ...)

» Recovery of files using wildcard (e.g. "d3*")
» Interface for User-defined queuing
» Improved robustness

= Preprocessing

» Improved Hypermorph interface: Variable name, value,
bounds automatically imported from template

* Improvement of neural networks
» Committees: Generate multiple neural nets for the same
result set. Stabilizes response. Allows point-wise variance
computation.
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GUI: Variables panel
File Task Debug
[ 1nfo | Solvers | Dist | Variables | sampling | Histories | Responses | Objective | Constraints | Run | View | View DYNA stats |
Design Variables Minimum Range
Type Name Starting Range Minimum  Maximum
| variable |&[s [20000 | [s000 20000 * | saddle Direction
| variable | @|K |2nnnn ‘ ‘snnn ‘znnnn [ Minmize |
‘%| @|R |5 ‘ ‘4 ‘6 Solvers
=) Al
| variable | ®|x_u |ms‘1 ‘ ‘sn ‘120 @
| variable |@|w |n‘ns ‘ ‘0.04 ‘n‘ns
| variable | &[0t [0.00025 | [0.0002 |[0.0003
| variable | ®|D_2 |3‘4925-U ‘ ‘33-07 ‘4&-07
| variable | @|theta |D‘364 ‘ ‘n.z ‘0‘45
| variable | & [lambda [1o50 E [12
| Variable | ﬁ|beta |u‘01929 ‘ ‘U.UIS ‘U‘UZ
\ Variable | |Eta |S‘4 ‘ ‘3 ‘ZD
| Dependent | @|a\pha Definition |ata + lambda
i Dependent | |ConsMud Definition |K +4.0%G/3.0
:
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GUI: LS-DYNA interface: d3plot nodal response

Eile Task Debug

| Infu} Sulvers] D\st] Variables | Sampling Historiesl Responses | Objective Constraints} Run | View | View DYNA stats

USERDEFINED + Location
Composite \:} Part \_) D
Composite-Express

Parts to be

Response-Expressit
ABSTAT
BNDOUT

;) List of parts
() All Parts

DEFORC

List of Parts

ELOUT

FLD
FREQUENCY
GCEOUT
GLSTAT
INTFORC
MASS
MATSUM

NCFORC

paes

Add

NODOUT

NODFOR *

~ *
« NS «»

So\ver| €00
Scale Factor|1.0 Offset |0.0

Results Type

\:) Ndv
\,) Stress
\,) Result
\,) Strain
\,) Misc
) FLD

\,) Beam

Component

\:) x_displ

\,) zx_displ nent

') y_displacement

\,) z_displacement

\,) x_velocity
\,) y_velocity

\,) result_displacemen \,) z_velocity

\,) xy_displacement

') yz_displacement

Select

\,) result_velocity

From time

Response Name‘DEPLOTZO
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MSE_C00_1
MSE_C00_3
MSE_C00_5
MSE_T00_a
MSE_T00_b
MSE_T00_c
MSE_T00_d
MSE_PRS
MSE_UNX1
MSE_UNX2
MSE_C07a
MSE_C07b
MSE_C14
MSE_C20a
MSE_34a
MSE_34b
MSE_34c
MSE_C69a
MSE_C69b

To time

Show def...| | Add

H Replace H

Delete J
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GUI: LS-DYNA interface: d3plot stress response

Fle Task Debug

[ Info.| Soluers.i Dlﬂ.i Variables | Sampllng\ Histories |

USERDEFINED
Composite
Composite-Express

Response-Exprossic

ABSTAT
BNDOUT

DEFORC
ELOUT
FLD
FREQUENCY
GCEOUT
GLSTAT
INTFORC
MASS
MATSUM
NCFORC
NODOUT
NODFOR
PSTRESS
REDOUT
RCFORC
RWFORC
SBTOUT

« N -

Solver | CO0

+ Location
=) Part
Parts to be
=) List of parts.
_ All Parts

Jm

ist of Parts

Add Dzl

-
*

Scale Factor 1.0 Offset |0.0

[ Objactive |

Results Type

) My
=) Stress
- Result

_J Strain

_J FLD

) Beam

Component

J yy_stress

) z1_stress

o XY

. yz_strass

) plastic_strain

) pressure

Select

Minimum Value

Run | View | View DYNA stats |

) von_mises
J Lst_prin_dev_stres

.4 Znd_prin_dev_stre

) 3rd_prin_dev_stre:
-/ max_shear_stress
) 1st_prineipal_stres
) 2nd_principal_stra:

. 3rd_principal_stres

From time  To time

MEE_co0_1
MSE_COU_3
MSE_COD_S
MEE_TO0_a
MSE_T0O0_b
MSE_TO0 ¢
MEE_TO0_d
MSE_PRS

MSE_UNXL
MSE_UNX2

1| —

+ EEEEEEEEEEEETE———
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s Mame [D3PLOT20

Show det... | Aded

LI

Replace | Delete |
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GUI: Run panel

Eile Task Debug

Info Sc\vers] Dist Vanables] Samplmg] H\stor\es] Responses] Db]e:tlve] Canstramtsl Run ‘ V\ew] View DYNA stats]

Job ID PID Progress

e Concurrent Jobs BEGIN OPTIMIZATION
2| eno [ Nomal Termination ") | Toleance Roqured

Number of iterations

- | for termination 0
| 6 (1123) Queuer

| None (=) Design OR Objective

Solver () Design AND Objective
*
Too Design Change Tolerance
T Object Function Tolerance
coz + O,
c14 b | Run H Pause “ Resume I Stop

No Processes Selected
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Parameter ldentification
Test Points

A G

5 U

Test results

7 <
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Parameter ldentification
Test Points + Computed Curve

4+ GF
Computed curve: F(x,z)

Response Surface constructed
for each interpolated matching

oint

3

N

—

[7]

Residual e

<
<

Test results

Interpolated test curve G(z)
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4t German LS-DYNA Forum, Bamberg, Germany, September 20-21, 2005 Copyright © 2005 Livermore Software Technology Corporation 13
Parameter ldentification
Mean Squared Error
Weight (Importance of error)
Response Surface Value Test Value Residual
\ l A/Z j 2
1P F(x)-G, 1p e (X)
=>W,| L == W,
1 1
P pa S, P p2 S,
t X \
Variables (material
) or system constants)
Number of points
Residual Scale factor
(Normalization of error) <
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Parameter identification
Relevant commands

= Get test data
History "testcurvename®™ file "testfilename™

= Construct CI‘OSSplOt
History "curvename® {Crossplot (

history_x_name, history_y_name,
[numpoints, begin, end] )}

~~— | Dyna

time-histories

= Construct error norm of curve mismatch
Composite “name” {MeanSgErr (
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"testcurvename™

[numpoints, begin, end,

"curvenam

weighting_type, scaling_type,

weighting_value, scaling_value,

weighting_curve, scaling_curve] )}

I
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MeanSqErr
Command arguments

Argument name

Description

Symbol

LS-OPT Type

Default

Num_regression_points | Number of P Int If < 2 or not specified:
regression number of points in Test
points curve.

Start_ point y-Position of | y_ Float y-Position of first test point
first
regression
point

End_ point y-Position of | yy Float y-Position of last test point
last
regression
point

Weight_ type Weighting - Reserved option name: UNITWEIGHT
type UNITWEIGHT ,WEIGHTVALUE

PROPWEIGHT , FILEWEIGHT
Scale_type Scaling type | - Reserved option name: MAXISCALE
UNITSCALE,
SCALEVALUE, PROPSCALE
MAXISCALE, FILESCALE

Weight_value Weight value | W Float 1

Scale_value Scale value S Float 1

Weight_curve Weightsasa | W(y) History Weight.compositename
function of y

Scale_curve Scale factors | S(y) History Scale.compositename
as a function
ofy
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Airbag
System ldentification

velocity
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Courtesy of DaimlerChrysler, Stuttgart HQN
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Airbag
Problem formulation

Goal: Determine Leakage vs. pressure curve for airbag
Given: 2 physical experiments (4m/s & 5m/s impact

velocity)
» Measure acceleration
» integrate to find velocity and displacement

» use scaling to normalize quantities

Method: Minimize Mean Squared Error

= Subject to monotonicity constraints

Xppl > Xk, k=1,2,...,m

Choose a flat starting design for leakage coefficient
[6, 6, 6, ..., 6]*1e-8

<]
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Airbag
Selected Commands

composite "MSE_Acc_4" {MeanSgErr ( Test_acc_4,
Acc_4mps_sc, 20 ,,,, SCALEVALUE,, 100 )}

composite "MSE_Acc_5" {MeanSgErr ( Test_acc_5,
Acc_5mps_sc, 20 ,,,, SCALEVALUE,, 100 )}

composite "MSE_Vel_4" {MeanSgErr ( Test_vel_4,
Vel_4mps_sc, 20 ,,,, SCALEVALUE,, 1 )}

composite "MSE Vel 5" {MeanSgErr ( Test vel 5,
Vel 5mps sc, 20 ,,,, SCALEVALUE,, 1 )}

composite "MSE Dis 4" {MeanSgErr ( Test dis 4,
Dis_4mps_sc, 20 ,,,, SCALEVALUE,, 100 )}

composite "MSE Dis 5" {MeanSgErr ( Test dis_5,
Dis_b5mps_sc, 20 ,,,, SCALEVALUE,, 100 )}

composite "MSE TOTAL®" {MSE_Acc 4 + MSE Acc 5 +
MSE_Vel 4 + MSE_Vel 5 + MSE_Dis_4 + MSE_Dis_5}

N
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Airbag
Optimization History

File. Optimization History
For Objective “SQRT_MSE 3"

POINT SELECTION

COptinmm of Tteration: 4
Entity Value

VARIABLES el

+ Leakage 1 Z2e.08

+ Leakage 2 2e.08

+ Leakoge 3 200001 -

+ Loakage 4 200001208

+ Leakage § 2o

+ Leakage 6 2e-08

+ Leakuge 7 L ;
+ Leakage 8 2e-08 o
+ Loakage 8 2008 z
+ Leakage 10 Bell? =
COMPOSITES i
+cl 84342711 -
+c2 72355907 £
+03 =1.12585e-07 L
+C4 1172047

+C5 11286 3e07

+Cé -1.16964e-07

+ CT <1241 dde-07

+ 08 -1.31123e-07

L&-Prefosi

Mapber of Nerations
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Qutlook
Version 3.1

* Discrete Optimization
» Define fixed sets for variables

= 3-D visualization of response surfaces
» OpenGL interface

= GUI input features
» Special functions: parameter identification, integration, ...
» Job distribution features: file recovery, deletion

I<
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Process Manager (LSPM)
Multi-Stage Analysis (2006)

= Goals
» Seamless analysis of a multi-stage process using LSDYNA
» Emphasis on reliability: file handling, restart, recovery, post-processing
» Integration with LSPP: Shares LSPP database
» Extension of the LSOPT queuing features
» LS-OPT integration: Run as LSOPT job, parameter control, extract data

= Features
» Specify DYNA versions, revisions, options
» Database handling: recovery, compression, deletion, copying
» Job scheduling
» Transmission of files to remote nodes

» Special job wrapper functions: retrieves data files, monitors progress,
recovers database “on call”, emails diagnostics, completion, statistics

= Post-processing
» Seamlessly done through database recovery HQ

22
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Conclusion

= Underlying technologies well proven
» Optimization, including reliability based (RBDO)

= Main goal now is to

» Continue integration with LS-DYNA and LS-PREPOST. Keep as
standalone

» Improve visualization: visualization of response surfaces

» Simplify input for special applications, e.g. system identification
» Add technologies where needed: discrete optimization

» Refine algorithms where necessary
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