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Robust Design in LS-OPT 3

Willem Roux, Nielen Stander
Livermore Software Technology Corporation, 2005

Benefits

. Estimate of Random Uncertainty required for:
— Accurate margin of safety — cost of production
- Estimate systematic uncertainty — accuracy of analysis
. Design for Robustness & Stability

— Repeatable products — reducing the variability and
therefore the required safety margin
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. Stochastic variables and fields
. Design of experiments

— About FE 30 runs
. LS-PREPOST Plots:

- Variance (std dev) etc.
— Influence factors (important variables) etc.

- Safety margin (scaled by standard deviations)
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Stochastic Fields

. A stochastic field allows a property (e.g. shell thickness)
to vary over a part.

. Entities

- Nodal locations

- Shell thicknesses
. Methods

- Harmonic Fields

- Import DYNA displacements or eigen mode
. LS-DYNA keywords added for stochastic fields.

Stochastic Fields

. Harmonic functions (sine expansion)
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Stochastic Fields

Import LS-DYNA displacement or eigen modes.

Improved Visualization of Stochastics

Creates LS-PREPOST plots

Speed improvements (X10 faster)
Any LS-PREPOST response e.g FLD
Stochastic contribution of a variable

- Variation of the response due to the variation of the variable.

Safety Margins
Expanded history plotting
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Visualization
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Blue: deformation always the same; Red: may differ by 1mm

Visualization

. Loose component
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Visualization

Different

Bifurcations

Display of LS-DYNA Histories

. Collect all LS-DYNA histories generated in a Monte Carlo
analysis and display in LS-PREPOST.

. In addition to the current history statistics capability.

| =
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Reliability Based Design
Optimization (RBDO)
. Specify:

- Distributions associated with design variables

- Allowable probability of exceeding bound

. Optimize as usual.

. Some extra output quantities

GUI: RBDO Problem Specification

. Create statistical distribution

-~ "Monte Carlo" (file: com.MC) Monte Carlo Analysis
le Task Debug

Eile
[ mful smvars| Dist‘ Vanamas} Sampnng\ Histories 1 Responses I Obja[tlve} Constraints

Statistical Distributions

il

Type Lower Upper d

Uniform % |10 [22.3

Distribution Name| bump | Add || Replace || Delete ||

Clear
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GUI: RBDO Problem Specification

. Assign distributions to variables

_ -+ "Example 4" (file: com) RBDO [=[=][x]

File Task Debug

Info | Solvers Dts:| Variables ‘ Sampling | Histories | Responses | Objective | Constraints | Run | View | View DYNA stats
Design Variables Minimum Range
Type Name Starting Range  Minimum Maximum 4 Distribution \ I
Variable 5 | @ [toumper [x [ [ B Saddle Direction

Minimize 3

Solvers

Variable % | @ [thood E [ [+ 5

@ All

) List

Add a Variable Delete a Variable

GUI: RBDO Problem Specification

. Add probability to relevant constraints

"Example 4" (file: com) RBDO EHEHZl

File Task Debug

Solvers | Dist | Variables | Sampling | Histories | Responses

objective | Constraints | Run | View | view#TNa stots
Response Lower Bound P[Resp<LowB]  Upper Bound P[Resp=>UppB]
R [-in? l strict | [x . stre [o.05 o Move
R - NN
Mass

Intru2
Intrul

Info

l HIC |
P—— [Fine ) strict | [x ) strict [0.05 =/ Move

Intrusion
I—mf | Strict I [1 | Strict fu.us [/ Move

Intrusion_scaled

1. Create the Response definitions (Responses Tab).
2. Select Responses to use as Constraints
3. Enter the Constraint Bounds
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GUI: RBDO History Results

©_ -~ LS-OPT Viewer

[+ [[n]ix]

File
Uptimization History
Type of Plot o i N
For Probability of Exceeding Upper Bound on Constraint "Mass_scaled"
) Accuracy ) Histograms

i Opt History ) Stoch Contrib

) Tradeoff ) Covariance

) ANOVA

Entity to Monitor

Variable: tbumper
Variable: thood

Response: Acc_max

Response: Mass
Response: Intru2

Response: Intrul

Response: HIC
Response: Mass_scaled
nnsite: Intrisinn

' RBDO Lower Bound
= RBDO Upper Bound:

) RBDO Lower Reliability Index =
= 1 Number of Iterations

Probability of Exceeding Upper Bound on Constraint: Mass_scaled

) RBDO Upper Reliability Inde;

More GUI

. DynaStats panel was redesigned

- Easier to detect bifurcations
— Plot histories from all LS-DYNA jobs
— Constraint/Safety Margin added

. Histogram, stochastic contribution, and
correlation viewing works as before.

© 2005 Copyright by DYNAmore GmbH

D-1-9



Robustheit

4. LS-DYNA Anwenderforum, Bamberg 2005

GUI: LS-DYNA Results Statistics

X -4 "Example 4" (file: com) RBDO = o ” x
Eile Task Debug
Info | Solvers I Dist | Variables | Sampling | Histories | Responses Objectivel Constraints | Run Viewl View DYNA stats]
Display mean/std dev/max/min from all LS-DYNA jobs
Data Statistic Solver
= D3Plot ) LS-OPT Histo ) Mean = Std Dev ) Max Value ) Min Value
) Constr. Margi ) Range ) Max Job ID , Min Jeb ID Iteration |1
Stress y_displaceme Source
Strain z_displaceme @ All Variables ) Residuals ) Single Variable Task
Result result_displac| ) Monte Carlo
Misc xy_displacem
D3Plot Options @ Linear Metamodel
FLD yz_displacem’
JobID |1 ) Quadratic Metamodel
Beam £1 W
Cj Ci lati
LIZEars e o Constraint Margin Bound
‘ ‘ | None || *]
Display in LS-PrePost Clear Cache Stop
L

GUI: Histograms

5= PT Viewer <2>
Eile
Type of Plot
) Accuracy =, Histograms

(. Opt History ¢ Stoch Contrib
© Tradeoff

<) ANOVA

) Covariance

Entity

Variable: thumper
Response:
Response:
Response: Intru2

Response: Intrul

+
Response: HIC *
7
)
Iterations
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Metamodel Points [ 10000
Histogram Bars |15

|~ /Add Residuals;

= Jlm =]

10000 samples

1 Standard Deviation = 03

Number of Samples (x107)
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GUI: Stochastic Contribution

-~ LS-OPT Viewer <2>
File
Type of Plot
( Accuracy  ( Histograms

( Opt History @ Stoch Contrib

 Tradeoff _, Covariance

& ANOVA

Entity Composite: Intrusion
Response: Acc_max Stochastic Contribution of Variables

Response: Mass

Response: Intru2

oy

Response: Intrul

Response: HIC tbumper

Response: Mass_scaled

O
=) 5]

Composite Standard Deviation due to Variable

Composite: Intrusion_scaled

2
L ——

Iterations

(| Residuals

\_J Sum Variables Contrib

GUI: Covariance and Correlation

-~ LS-OPT Viewer <2>
File
Type of Plot
) Accuracy ) Histograms

') Opt History < Stoch Contrib

s Tradeoff =, Covariance

' ANOVA

Entity Response: HIC
Response: Acc_max 10000 samples

Response: Mass

Response: Intru2

e

Response: Intrul -

: S 1]
4 2 o o' 0's

Response: Mass_scaled

Composite: Intrusion

Composite: Intrusion_scaled

Coefficient of Correlation

2
. L]

Iterations

%/ Use Metamodel

Metamodel Points {10000

() Covariance @ [Correlation!
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Summary

. Why:
- Estimate of variability is required to judge accuracy and quality.
- Understanding of variability required for redesign.
. How:
- Stochastic fields & variables
- RBDO
- A number of plots and visualization techniques
. When:
- End of 2005.
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