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ABSTRACT
Elastic metamaterials are structural materials that owe their unique wave
manipulation capabilities to their complex internal architecture. Topological
metamaterials are a special subclass of metamaterials whose behavior is
controlled by the topology of their phonon bands. In this talk, I will explore
some exceptional regimes exhibited by lattice metamaterials that can be
traced to their symmetries and to the topological character of their phonon
spectra. I will illustrate the problem through the lens of the kagome lattice
family, whose geometry endows them with unique, often non-intuitive
mechanical and acoustic properties. The discussion will encompass statics,
dynamics, and some special static phenomena to understand which
paradoxically one must look at the problem through the lens of wave
mechanics. I will first invoke the notion of lattice duality. Applied to kagome
lattices, duality offers a way to map a 2D periodic lattice with local elasticity
to a 1D aperiodic chain endowed with long-range interactions. With the aid of
a prototype, I will show that the emergent behavior of this chain features a
series of non-intuitive deformation patterns, including the activation of non-
local floppy twist sequences characterized by sharp sensitivity to the direction
of loading. I will then shift the attention to structural kagome metamaterials.
Through a deep dive into symmetry and group theory considerations, I will
show the emergence of so-called fragile topological bands. Fragile topology
is a weaker form of topology, elusive to detect in elastic systems, which
manifests in the appearance of isolated pass bands with special morphological
characteristics. I will demonstrate this phenomenon through carefully
designed laser vibrometer tests carried out on physical prototypes. I will
conclude by framing a pathway for the automatic design of elastic
metamaterials with desired topological characteristics prescribed on demand.
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