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Kirigami-inspired Composite Metastructure for Low-frequency
Vibration Reduction

Hyunsoo Hong*, Samuel Kim*, Wonvin Kim*, Wonki Kim*, Jae-moon Jeong*, Seong Su Kim*'

ABSTRACT: Vibration occurs not only in daily life but also in various fields such as semiconductors, aerospace,
vehicles, and ships. Unexpected vibrations can cause fatigue damage to structures and degrade the performance of the
entire system, having very detrimental effects. Particularly, low-frequency vibrations can be very harmful to precision
equipment, human bodies, and buildings. Therefore, mitigating low-frequency vibrations is essential for effective
vibration reduction. In this study, a kirigami-inspired composite meta-structure is proposed for low-frequency
vibration reduction. Inspired by kirigami, the meta-structure is designed to transform from a three-dimensional to a
two-dimensional form upon compression, leveraging structural advantages. Additionally, it is designed to have quasi-
zero stiffness characteristics, providing excellent vibration reduction performance even at low frequencies. The
kirigami composite meta-structure was fabricated using carbon fiber reinforced TPU through 3D printing. Its
structural and vibrational characteristics were evaluated and analyzed through compression and vibration tests.
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Fig. 1. (a) kirigami-inspired composite meta-structures and (b)
their design parameters
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Fig. 2. Fabrication process of kirigami-inspired composite meta-
structures

Table 1. Mechanical properties of carbon fiber-reinforced TPU

Density| Poisson’s |Strength| Hyperelastic parameter
[kg/m?®]| ratio [MPa] | (Mooney-Rivlin) [MPa]

Cy 12,085

Carbon C -11,728
fiber-rein- | 1240 0.40 55 C, -4,370,197
forced TPU Cyy 2,451,046
Cyo 1,960,935
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Fig. 3. (@) compression test set up and (b) vibration test set up
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Fig. 4. (a) load-displacement and (b) stiffness-displacement
results
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Fig.6. (a) Elastic wave transmissibility and (b) transient response
results
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