
Status in the swedish industry 

Topology Optimization

What can you expect?
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Topology Optimization on GOOGLE

AI Generative Design

Bionic design

Additive Manufacturing
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Topology Optimization
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Topology: is a mathematical technique that optimized the 

material distribution for a structure within a given package space



But how did it all start?
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A.G.M. Michell (1904)



History
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Homogenization 1988

SIMP 1989



Homogenization vs SIMP
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http://www.mso.math.fau.de/applied-mathematics-2/staff-
members/schury-fabian/dr-fabian-schury/optimal-design-of-graded-
micro-structures.html

http://www.mso.math.fau.de/applied-mathematics-2/staff-members/schury-fabian/dr-fabian-schury/optimal-design-of-graded-micro-structures.html


Topology Optimization Problem
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The material elasticity modulus in element i

The stiffness matrix

p is the penalty exponent
SIMP: Solid Isotropic Material with Penalization
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Numerical Issues
Mesh dependency

Solutions:

• “perimeter control method,” 

• “mesh independent filtering,” 

• “global gradient constraint” 

• “local gradient constraint” 

• minimum member size control 

• ….

The checkerboard problem

Solutions:

• “smoothing method,” 

• use of higher-order finite elements 

• “patches method,” 

• “filter method,”

• minimum member size control 

• …. 

2022-11-
29/30

Topology Optimization - Challanges and Limitations, Harald hasselbld, Security Class: Proprietary



Mesh size
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∆

F
Fully solid high-resolution optimization

The design is characterized by 

several shear plates which are 

possible thanks to a sufficiently 

high resolution.

Stress, buckling and fatigue??

689 g

The effect of varying the minimum feature size 

1.0 mm

59.7 µm

2.0 mm

61.8 µm (+3.5%)

3.0 mm

63.1 µm (+5.8%)

4.0 mm

63.8 µm (+7.0%)

Min. feature 

size

uout

The apparently optimal shear planes gradually collapse into straight beams as the permitted feature size 

increase. The performance decreases with increased minimum feature size due to the decreased design 

freedom.



Mesh Size vs Model Size
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On filter boundary conditions in topology optimization*
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Zoom at the boundary of the 
structure optimized using the 
domain extension approach



Manufacturing Constraints
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Draw direction

Pattern repetition

Pattern grouping 

Extrusion constraint

Stress constraint

Member size



Realization?
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A vehicle body is build up by beams, joints and 

panels and not lego bricks

?

Design space only include isotropic ”lego bricks”

Not wires, shear planes, beams, joints...



How to interprete?
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Optimization process

Requirements and load cases

Design space creation

Element size?

Parameteriation

Manufacturing constraints

Optimization parameters

Member size

Penelty function

Convergence

Objective function?

Min Mass or Min weighted Compliance?

Design interpretation!?

Overchecks

Looping??
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Applications
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Challenges 

Many people equalize optimization with ”tuning”. 

We see on optimization as a tool to build knowledge in 
early phases.

Moving into more simulation driven development drives:

• organizational changes

• new competences

• balancing of resources

• new methods and tools? (incl. licenses and hardware)

• need for parameterized models

• need for cross attribute analysis activities

• description of relevant questions in concept phases
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