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Figure 1 (Color online) (a) The chiral honeycomb lattice beam and
unit cell; (b) the band structure of the unit cell.
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Table 1 Geometrical and material parameters of the lattice base
structure and resonators
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Figure 2 (Color online) (a) The metastructure unit cell with 90°/0°
embedded resonator and their change process; band structures of the
unit cell with 90° (b) and 0° (c) embedded microstructures.
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Table 2 Effective material properties of the chiral lattice base
structure and the resonators
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Figure 3 (Color online) Metastructure beam model with 90° embedded resonators (a) and its frequency response function (b); metastructure rod

model with 0° embedded resonators (c) and FRF results (d).
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Figure 4 (Color online) The experimental set-up for the vibration
testing of the metastructure.
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Figure 5 (Color online) The metastructure with 90° embedded resonators (a) and 0° embedded resonators (b); (¢) the FRF_Y results of the chiral
honeycomb base structure, the metastructure with 90° embedded resonators and 0° embedded resonators under vertical excitation; (d) the FRF_X
results of the chiral honeycomb base structure, the metastructure with 0° embedded resonators and 90° embedded resonators under horizontal
excitation.
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Figure 6 (Color online) The metastructure with segment-arrangement resonators (a) and interval-arrangement resonators (b); (c) the FRF_Y results
of the chiral honeycomb base structure, the metastructure with segment-arrangement resonators and interval-arrangement resonators under vertical
excitation; (d) the FRF_X results of the chiral honeycomb base structure, the metastructure with segment-arrangement resonators and interval-

arrangement resonators under horizontal excitation.
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Figure 7 (Color online) (a) Statically indeterminate straight/folding beam model; (b) resonator with straight/folding beam; (c) experimental set-up
for the vibration testing of the metastructure beam; (d) the FRF_Y results of the lattice base structure, the metastructure with folding beam resonators

and with straight beam resonators under vertical excitation.
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Figure 8 (Color online) (a) Sinusoidal curved beam and the deformation of direct QZS curved beam and negative stiffness curved beam; (b) negative
stiffness curved beam static experimental set-up; (c) force-dimensionless displacement and (d) effective stiffness-dimensionless displacement

relationship of curved beam with direct QZS and negative stiffness.
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Figure 9 (Color online) (a) The resonator with direct QZS structures; (b) experimental set-up for measuring resonance frequency of QZS resonators;
(c) experimental set-up for the vibration testing of the metastructure beam; (d) the FRF Y results of the lattice base structure, the metastructure beam
with compressed state resonators and initial state resonators under vertical excitation.
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Figure 10 (Color online) (a) The combined QZS structure and it is deformation; (b) the resonator with combined QZS and positive stiffness; force-
dimensionless displacement (c) and effective stiffness-dimensionless displacement (d) relationship of curved beam with combined QZS and negative
stiffness; (e) deformation of the metastructure with combined QZS at 62 Hz and with positive stiffness at 126 Hz; (f) the FRF_Y of the metastructure

beam with combined QZS and with positive stiffness.
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Isolating low-frequency vibration via lightweight embedded
metastructures

ZHAO Weilia, WANG YiTian, ZHU Rui*, HU GengKai & HU HaiYan

Department of Mechanics, School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China

Load-bearing lightweight structures, such as lattice structures, are commonly used in various engineering fields, but often
suffer from environmental low-frequency vibration which is difficult to suppress. The emerging field of metastructure
offers a practical solution for the low-frequency vibration reduction without introducing extra isolators that have gigantic
size and heavy weight. In this research, 3D printed subwavelength-scale microstructures are embedded into a honeycomb
beam to form a lightweight metastructure which can suppress vibrations with different polarizations at targeted
frequencies. Moreover, by simply rotating the fabricated resonators from the horizontal embedment into the vertical
embedment, the bandgaps as well as the vibration isolations can be easily switched for different vibration sources. The
multi-polarization vibration isolations have also been demonstrated with strategically positioned resonators following
interval and segment arrangements. Finally, metastructures with geometrically optimized microstructures as well as
quasi-zero dynamic stiffness microstructures are designed to achieve an even lower frequency isolation with unaltered
lightweight advantages.

metastructure, lightweight, quasi-zero stiffness, low frequency vibration isolation, polarization, 3D printing
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