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Motivation
Geometry Parameterization

Low-level, verbose High-level, restricted

Yang et al. (1985)

Christiansen et al. (2014) Allaire et al. (2014)
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Feature-mapping: definition

High-level geometry
description
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Mapping to a fixed grid
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Mapped onto fixed-grid

The feature: a high-level for analysis and
geometry description ~ S€nsitivity computation

Pseudo-densities Immersed boundary

Volume integral for governing equations \
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Pseudo-densities: Numerical issues
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Numerical Ingredients

Material interpolation function (e.g. SIMP)
Implicit function (e.g. signed-distance)
(Smooth) Heaviside (e.g. polynomial)
Numerical integration scheme




Immersed boundary: Numerical issues

Numerical Ingredients

1. Enrichment strategy

2. Interface conditions

Non-physical 3. Numerical integration
coupling

Sensitivity calculation
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p 1. Differentiate then discretize
Material islands 2. Semi-analytical
3. Full analytical

Small integration
areas = ill-conditioning




Combination of components / holes

Combine-then-map
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Combination of components / holes

Map-then-combine
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Penalized size
variable




Local minima

Compliance
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Hybrid methods

» Combination of feature-mapping &

free-form topology optimization
Compliant smart structures

Embedding components

Engineering feature control
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Zhou & Wang (2013)

Zhang, Zhong & Guo (2015)

Wang et al. (2014)




Applications Lattice material design

Plate structures

3D compliant mechanism

Phononic band gaps
structure

Zhang et al. (2016)

Thermo-fluid problems Watts & Tortorelli (2017)

Multi-material structures

Zhang et al. (2017)

i Wein & Stingl (2018
Yu et al. (2019) Kazemi et al. (2018) ein & Stingl (2018)




Conclusion

* Feature-mapping is:

High-level geometric parameterization (features) + mapping to unfitted mesh

 Recommendations for further research:
» Local minima in topology optimization
» Applications to problems not easily solved by traditional methods
» Use of complex features in topology optimization
» Demonstration of direct link to CAD
» Components with different functions / physics




Thanks for listening...

..are there any questions...
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