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Mechanical Metamaterials Seeking Synergy Dynamic Performance and

Sensing through Configuration, Composition and Programmability

This talk will cover two topics on the use of mechanical metamaterials for use in vibration and shock
applications. The first part of the talk is dedicated to the discussion of embedded flexibility of planar
triboelectric nanogenerators (TENGs) in a metamaterial with complex geometries. The TENG conforms
with any deformation of these structures. In return, the embedded TENGSs function as either strain-sensitive
active sensors or energy harvesters while negligibly affecting the structure’s original mechanical. The
second part of the talk will focus of metamaterials with programmable linear stiffness. Inspired by the
concepts of binary and ternary coding in digital computers, digital stiffness (DS) elements are a novel
concept to achieve programmable behavior in a mechanical metamaterial. The digital stiffness is achieved
by having an equivalent spring constant that has two discrete states depending on the state of a
mechanical switch. This is achieved by the confinement of the deformation of an elastomer host structure
by insertion of a semi-rigid member that is stiffer than the base material either in the same direction or
orthogonal to the structure's loading direction. The members can be inserted in-situ before loading or
provided that the loading is not sufficiently large as to distort the topology of the elastomeric structure. The
discrete nature of the inserts leads to a binary encoding of various geometric configurations of the
metamaterial and its resulting effective stiffness, e.g., in compression this results in 2N unique force
displacement relationships for a single metamaterial, for a material with N binary elements. The final
portion of the talk will detail ongoing efforts to utilize material behavior specifically viscoelasticity to tune the
desired dynamic and static response of a mechanical metamaterial..
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