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High
Potential

for
Topology

&
Shape

Optimization

Vehicle Configuration and Content

Topology and Load path

Joint Construction

Section Construction

Global Design Balance
- Section Size
- Joint Size and Reinforcement

Part-to-part Design Balance
- Gauge, Material Grade
- Bonding/Welding 
- Formability

Freedom for Design Change

Conceptual Phase Serial Development Start of Production
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� " # �! � $ ! # �� %��� � �" �� &Geometry Geometry –– Topology Topology -- Simulation Simulation –– OptimizationOptimization
How to create a parametric simulation geometryHow to create a parametric simulation geometry

Key for upfront CAE is
I. the existence of a detailed enough

Simulation Geometry
derived from various data sources

��

��

Key for upfront CAE is
II. the automatic setup of simulation

input decks (including meshing and 
assembly)

Key for upfront CAE is
III: the parametric exploration of the

available design space and an automated
link to simulation and optimization

Key for upfront CAE is
IV: Integration with CAD
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SFE CONCEPT 
Parametric Model

Points and Lines

Cross Sections

Joints & Beams

Welds, Adhesives

FE Meshes

Beads, Stamps, Ribs

Freeform Surfaces

Loading, Etc.
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Explicitly parameterized geometry
• Parameter description for defining  

& maintaining geometrical and 
topological compatibility is nearly 
impossible

Implicitly parameterized
SFE CONCEPT geometry
• Parameter description for 

defining & maintaining 
geometrical and topological 
compatibility is very easy

! � � ��	 � � 	 
 ��� �� � �� �� � �� �Explicit                     versusExplicit                     versus Implicit Implicit 
(  C  A  D   )                                    (SFE CONCE(  C  A  D   )                                    (SFE CONCEPT)PT)
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early design phase

extended model

Evolution of Design
... add complexity

without
„hierarchical constraints“

Expectation: Evolution of Design
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� � � � � �� Platform without details beads, stamps and cutouts as 
additional details stored in library

Platform with details

+

Expectation: Evolution of Design
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• Roof Rail Section
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Representation of geometrical changes influenced by 
4 Design variables constituting 54 SFE CONCEPT parameters
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Source: Porsche
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Modular Construction Library
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New A-PIllar
concept

(From library)
FE FE

New topology, new material concept



Dr Axel Hänschke
Body Engineering FoE

Parametric Geometry– First Part for the Upfront Process

Component Assembly – Platform and Top Hat Structure

Mapping Areas (lines) 

Platform Components
& Top Hat Structure

Platform Components
Rear Structure

13

Upfront CAE
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Objective function
& Constraints

Design variables

Optimizer
(e.g. LS/OPT)

SFE CONCEPT
Design

variables

FE mesh &
Boundary
conditions

Batch
mode

FE SOLVER
LS/DYNA, NASTRAN,

PAM-CRASH, PERMAS

DV-file

ASCII output

Optimization loop

DV in 
ASCII
format

Modified 
Design

variables

Script for model
Modification and
FE mesh creation

FE mesh &
Boundary 
conditions

Problem definition
(only once done)

info about DV in
Optimizer format

ASCII output
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Optimization – Example Pedestrian Protection Hood
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Optimization – Example Pedestrian Protection Hood
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CTR-XMBR/POS-X” = 0.0 - 3.0

Example: 
Moving the center Cross Member 

=> Modifying Design Variable

Optimization – Example Pedestrian Protection Hood

� � � !� � � ��"�#

Design Model 1
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Optimization – Example CD34x Bumper Crash Can
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Modell und Zielfunktion

Optimierungsergebnis
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Mounting Point optimization
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Mounting Point optimization
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Bead optimization
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Bead optimization
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Vehicle Package 
People Package

InteriorMaster Sections

Vehicle Parameters

Vehicle Cross Section Studio - Styling

Body Openings

System level model
SFE CONCEPT in CATIA
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Updated
Vehicle Cross Section Part Design

System level model
SFE CONCEPT in CATIA
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Trains
Shipping

AerospaceWhite goods

Offshore

Front Door

Lift Gate

Radiator Support

Hood

Front Sub-frame
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