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Abstract

A novel metamaterial configuration is presented that combines hybrid attributes from acous-
tic metamaterials and phononic crystals. The dispersion characteristics of the system, re-
ferred to as the phononic resonator (PR), is shown to vary across a wide spectrum of behav-
iors that can, via optimal selection of inertial and stiffness parameters, be tuned to resemble
a locally resonant mechanism, a phononic system, as well as a uniform homogeneous lat-
tice. When coupled with damping elements, the emergent dissipative effect, known as the
metadamping phenomenon, of the PR is shown to exceed that of a statically equivalent
acoustic metamaterial under certain conditions which are highlighted here. The metadamp-
ing amplification is verified in finite PR systems via a power flow approach that depicts the
spatial rate of energy dissipation along the length of a 100 cells phononic resonator.

1. Introduction1

The physics of periodic structures have received considerable attention lately owing to2

their unique abilities to manipulate elastic wave propagation within their media [1]. Such3

abilities culminate in intriguing features including band gaps (frequency ranges of blocked4

wave propagation) [2, 3], directional patterns [4, 5], and amplified energy dissipation [6, 7].5

As such, periodic structures with unconventional dispersive characteristics have been mostly6

classified into two main categories: Phononic Crystals (PCs) and Acoustic Metamaterials7

(AMs). Both categories have been heavily investigated in the context of discrete (spring-8

mass) systems [8, 9, 10, 11], bars [12, 13, 14, 15], flexural beams [16, 17, 18] and plates9

[19, 20, 21, 22].10

The interplay between wave dispersion in periodic systems and material and/or viscous11

damping have been shown to onset interesting traits [23, 24, 25, 26, 27, 28]. One of these12

is the generation of enhanced damping properties, or metadamping, that goes beyond the13

conventional dissipation provided by the damping elements. The emergence of metadamping14

in an AM in particular has been shown to quantitatively yield higher damping ratios across15

the entire wavenumber spectrum when compared to a statically equivalent PC with an16
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