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Predicting and optimizing wave motion in spatially graded structures
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Periodic metamaterials and architected materials have emerged as a powerful tool for, among others, controlling or
suppressing elastic waves by bandgap engineering. However, wave guidance can also be achieved without bandgaps.
Moreover, the manufacturable design space extends far beyond periodic structures. Spatially graded architectures with
smoothly varying unit cell designs have hardly been explored for wave manipulation but offer a rich playground for wave
manipulation. We here present a combined experimental-computational study into this rich design space at the example
of spatially graded truss lattices. We confirm experimentally that Bloch-Floquet theory is an accurate approximation,
as long as the grading in unit cell design is smooth. We further introduce ray tracing for dispersive elastic media
as a convenient numerical approach to predict and optimize wave motion in graded structures. As an example, we
demonstrate how conformal mappings can be exploited to create spatially graded structures which – without the need
for bandgaps – are capable of low-pass wave attenuation and wave guidance, in contrast to most metamaterials that
operate only on a specific (often narrow) frequency band. We finally present examples of how design optimization can
lead to interesting and peculiar wave motion in graded truss lattices.
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