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ABSTRACT - The purpose of this paper is to explore aspects of shape and geometry
optimization for nonlinear applications and to propose optimization strategies for such
problems.

Different optimization strategies are discussed and pros and cons are compared. The
application of the Successive Response Surface Method (SRSM) for optimization of
nonlinear applications is demonstrated. This is performed using LS-OPT as optimization
software and ANSA as pre-processor for geometry variation. For this ANSA is run in batch
mode and is driven by parameterized control files, which interface with the optimization
software LS-OPT. By the variation of morphing control parameters or just geometrical
translational or rotational operations the design is optimized with respect to shape properties
and geometrical configuration. After morphing operations usually automated batch meshing
of the considered parts is applied.

The set-up of the process flow and how the several programs interface with each other is
also described in the paper.

In addition, a methodology to get a reliable surrogate model using neural networks is
introduced. The surrogate model (META-Model or Response Surface Model) approximates
the relationship between design parameters and a simulation response and can be used to
visualize and explore the design space.

One of the regarded examples treats the optimization of a crash box at AUDI. The procedure
of generating an advanced yETA-model to get an approximation of the global design space
using neural networks is demonstrated for this example. Furthermore, the visualization of
multi-dimensional meta-models in two- and three-dimensional design space is illustrated by
using the software D-SPEX. The program D-SPEX interfaces with LS-OPT as an advanced
optimization and stochastic post-processor.
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= About DYNAmore

B Distributor of LS-DYNA and related software products in Germany, Austria,
Switzerland and other european countries

B Further development and customization in
collaboration with LSTC (long term relationship)

B DYNAmore in total 34 People (June 2007)
B | S-DYNA Software Models
B Many Dummy Models 3
B Barrier Models A o 1,
B Pedestrian Safety Models
B Human Models (Thums)
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=» Optimization Competence Center at DYNAmore

B Many experience particularly in crashworthiness optimization, reliability and
robustness studies, MDO, Meta-Modelling...

¥ Main optimization customers @ Quid @ TAKATA ‘:I"]Iln., i

ALCAN ™

Karmann  DOW Automotive
i m LS-OPT (LSTC)
i m Vanderplaats (VR&D)
optimization products
i m D-SPEX

| m optimization

| engineering services
| m consulting

m benchmarks
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: w software development |
<= system integration and
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= parameter ident.

= informational events
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= About LS-OPT
B | S-OPT is a product of LSTC (Livermore Software Technology Corporation)
B | S-OPT can be linked to any simulation code —
stand alone optimization software
B Methodologies/Features:
B Successive Response Surface Method (SRSM)
B Reliability based design optimization (RBDO)
B Multidisciplinary optimization (MDO)
B Multi-Objective optimization (Pareto)
B Discrete Optimization
B pumerical/analytical based sensitivities
B Analysis of Variance (ANOVA)
W Stochastic/Probabilistic Analysis
B Monte Carlo Analysis using Metamodels
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. Applications of Shape Optimization with LS-OPT and ANSA — 14.06.07 5
Introduction
4 Methods — Optimizat
. Example | - Crash bv N A
H & ; Conclusions
Introduction 1,. Examplo Il - Radiation SVICr B,

L ~; s

= About LS-OPT
® Job Distribution - Interface to Queuing Systems =~ — I .
B PBS, LSF, Loadleveler, AQS, etc. :

B Interface to SFE-Concept, Hypermesh
ANSA, DEP-Morpher

B User-defined interface to
any Pre-Processor

B Parameter Identification Module

B Visualization of Statistical
Quantities on the FE-Model
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B The objective is to improve the energy absorbtion of a crash box
and to reduced the maximum force level

B Sheet thickness variables as well as
geometric variables are considered

® Test load is 1 m/s boundary prescribed
motion applied by a rigid wall

B Optimization formulation:
a maximum load level (contact force)
has not to be exceeded (constraint) while a
maximum of energy has to be absorbed (objective)
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B Total 9 design variables
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Method with LS-OPT 0 Sl ; il inlay (1)

B Parameterization by
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1
B ANSA is specified as Pre-Processor in LS-OPT

B Multiple crash simulation input files are generated automatically through
ANSA in batch mode

morphing boxes
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constraint viclation |
—— force before optimization
—— force after optimization
A == max force (constraint)

@ N
e, force before optimization
I_E 74% of theoretically absorbable

s energy relative to max. force

force after optimization

i 86% of theoretically absorbable

} energy relative to max. force

i .
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=» Conclusions
m LS-OPT is a suitable tool for crash box optimization

® Numerical optimization achieved better design and can save manpower in

the design process of a crash box

B Morphing capabilities of ANSA are essential in order to realize geometric
parameterization

B Visualization of results with D-SPEX can give you a deeper understanding of

the influences of parameters upon the results
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= DOE Sensitivity Analysis for Radiation Analysis

B Problem Description: Heat shield to protect environment from high
temperatures
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= Conclugione

=» Conclusions

B Meta-Modelling capabilities of LS-OPT are utilized successfully
for a sensitivity analysis of a heat radiation problem

B Screening of significant and insignificant variables is performed
B Problem: High dimensional design variable space (21-dim.)

m D-SPEX is a helpful tool to explore the multi-dimensional
variable space
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