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Architected Materials Show New Properties
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Modelling of Lattices with Rods to Reduce Runtime

Investigated materials are assemblies of rods

FE-implementation of Simo-Reissner-elements
in JEM/JIVE
Direct incorporation of elasto-plasticity into
beam continuumgärtner25a
Beam-To-Beam contact with a tree-like search
Adaptive time stepping using an explicit
predictor-corrector scheme
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Single Parameter Changes Response Significantly
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Transmitted Forces Limited by Static Yield
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Concentration of Energy Corresponding with Response
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Specific Energy: Potential Kinetic Dissipated
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Vast Plethora of Design Options

Changes in single parameters well understood

Combination of different unit cells explodes the
design space
R3 → R3·N·M , for N · M RUCs
Different responses for different strain rates
Targeted responses require inverse design
Even initial exploration of design space
prohibitively expensive

⇒ Need for forward surrogate
First proxy for large lattice: single column
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Response as Two Stage Process
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Surrogate for the Two Stage Process

fixed geometric information
(α → Ey , ...)
calibrated MLP for unknown relation
Additional loss terms for physical
behaviour:

Ēy ⇔ s1 (static)
(α(1), α(2)) ⇔ (α(2), α(1)) (static)
ε̇ ↑⇒ s1 ↑
ε̇ ↑⇒ b2 ↑

α(1)

α(2)

ε̇
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Response well captured
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Shapely Confirm Geometric Information
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Conclusions

Meta-material response as complex interaction of micro-structure and loading

This is greatly influence by the local composition of the meta-material

For more targeted design, heterogeneous architectures are of great interest

Heterogeneous meta-materials greatly increase the options in the design space

Fast surrogates and simplified models are needed here

TODO: Expansion of the model
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Thank you!
Questions?

http://go.lu-h.de/data-27
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