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Topology Optimizations in 

Product Development

Challenges

– Development of innovative lightweight 

design concepts

– Labour-intensive step of interpreting 

topology optimization results

Goals

– Faster and systematic conception of 

lightweight structures

– Enabling faster design exploration

– Reduction of manual labour Design revision

FE simulation

Preliminary design

Topology optimization

FE simulation

Design space analysis

Automate!
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Topology Optimization

Goal

– Optimal material distribution 

within design space

Setup

– Design space of finite elements

– Forces and constraints

– Optimization parameters
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Topology Optimization

Process

– Alter element density of each 

finite element to meet objective

– consider constraints

Result

– Load paths within design space

– Weight estimate
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Preliminary Design Phase

Derive wireframe for use as parametric basis for design

Topology result

(FE model)

Wireframe

(CAD model)
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Input:

topology 

optimization 

result

Read

FE files

End result:

Wireframe with 

cross sections

Wireframe 

extraction

Cross section 

extraction

Process Overview
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Wireframe Extraction

Topology optimization

Voxelize and skeletonize Detect and connect nodes

Skeleton Wireframe
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Advantages of Voxelization

• no FE mesh smoothing necessary

• subsequent steps independent from FE solver syntax

• vs. point cloud: accurate results for concave surfaces

FE mesh Point cloud Voxel
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Advantages of Voxelization

• no FE mesh smoothing necessary

• subsequent steps independent from FE solver syntax

• vs. point cloud: accurate results for concave surfaces

• binary encoding → simpler data handling

• common image processing algorithms applicable

(e.g. scikit-image library)
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Input:

topology 

optimization 

result

Read

FE files

End result:

Wireframe with 

cross sections

Wireframe 

extraction

Cross section 

extraction

Process Overview
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Cross section extraction

Beam load

case analysis

Find

cross sections

based on 

geometry
Finalize

cross sections

Intermediate 

result:

Cross section for 

each beam

Identify

beam sections

Detail Process
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Find Cross Sections Based on Geometry

Goal:

find dimensions and orientation of cross section from

topology outline

Find cross sections based on geometry

Segment beam 

into 2D slices

Find

outline from 

2D point cloud 

for each slice

Detect

geometric shape 

and dimensions 

for each slice

Average shapes 

from all slices
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Find Cross Sections Based on Geometry

Find cross sections based on geometry

Segment beam 

into 2D slices

Find

outline from 

2D point cloud 

for each slice

Detect

geometric shape 

and dimensions 

for each slice

Average shapes 

from all slices
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Cross section extraction

Beam load

case analysis

Find

cross sections

based on 

geometry
Finalize

cross sections

Intermediate 

result:

Cross section for 

each beam

Identify

beam sections

Detail Process
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Beam Load Case Analysis

Beam load case analysis

Compress 

elemental stress 

data into 

2D plane

Build graph 

from stress data

Analyze

stress graphs

Goal: identify bending, torsion 

or tension/compression load 

case for each beam

→ chose appropriate cross 

section shape (e.g. I-beam, 

rectangle, circle, …)



NAFEMS World Congress 2021

Beam Load Case Analysis

Goal: identify bending, torsion 

or tension/compression load 

case for each beam

→ chose appropriate cross 

section shape (e.g. I-beam, 

rectangle, circle, …)

Beam load case analysis

Compress 

elemental stress 

data into 

2D plane

Build graph 

from stress data

Analyze

stress graphs
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Finalize Cross Sections

Combine information of…

– shape of cross section and

– size/orientation of cross section

→ Proposal for cross section for 

each beam
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Example Application: Train Car Body
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Example Application: Train Car Body
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Summary

• Challenge: Enable fast design exploration in lightweight 

design processes involving topology optimizations

• Solution: Automatic wireframe extraction and cross section 

proposals directly from topology optimization results

• Future research:

– improve cross section detection in edge cases

– automatic validation of proposed cross sections through FE 

analysis

• More and detailed information in accompanying paper!
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