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Abstract

Architected metastructures assembled by periodic design patterns, e.g., mechanical metamaterials,
have been extensively studied in recent years, mainly due to their prominent mechanical response
such as ultra-light with ultra-stiffness, which leads to multifunctional applications in different areas,
including micro-electro-mechanical systems (MEMS), energy harvesting, actuation, etc. Taking the
advantages of local-patterning, architected metastructures are locally characterized with respect to
the periodic patterns in the perspective of structure; on the other hand, the overall response of
metastructures is typically considered in the perspective of material. Therefore, advanced structures
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are reported with promising performance beyond the property limitations of structure materials. Here,
we report a novel type of metastructures with tunable tensile and compressive Poisson’s ratios
resulted in periodically chiral patterns. In particular, the tunability of Poisson’s ratio (i.e., from
positive to negative) is investigated in terms of the chirality of the proposed 3D structures. A
discretization algorithm is reported to convert the architected structures into deformation matrixes,
and an analytical model is developed accordingly to obtain the discretized governing equation. Finite
element models are built in ABAQUS using the explicit dynamic solver with geometric nonlinearity.
3D printing technique is applied to fabricate the metastructures, and experiments are carried out
using the MTS loading machine to investigate the Poisson’s ratio under tension and compression.
The testing results are compared with the theoretical and numerical predictions, and satisfactory
agreements are obtained. To reveal the relationship between the chirality and effective material
properties, parametric studies are conducted to indicate the influences of the microstructures’
periodic patterns on their Poisson’s ratio. Density plots of the chiral structures are provided with
respect to the pattern ratio and chirality ratio and therefore, the optimal geometries are obtained for
the metastructures with the best controllability. The chiral metastructures presented in this study
open exciting venues for control and manipulation of architected structures, which leads to
multifunctional applications in many fields.
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