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M m I, k o a D
0.4168 kg 0.2250 kg 6945 cm’ 2000 Nm™ 45° 4.5¢cm 15.4cm
Table 1. o] &4 s rde] B3 ¥ 7|8 3l =44
Label Name Function Material property
® Main body Discrete mass element Mass : 416.8 ¢
@ Connector Connecting spring to side link Mass: 9.0g
® Main link Mass element in linkage structure Mass : 171.5¢g
@ Linear guide Making uni-directional motion Mass: 24.3¢g
® Spring Discrete spring element Constant : 2000N / m
® Side link Massless element in linkage structure Mass: 3.6g
@ Snap ring Holding axis & side link together Mass: 1.0g
Table S1. A|Zte T-x9] AF-HE ¥ Vs 2 44
¥ -
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ABSTRACT

Meta-linkage Structure
for Ultra-low
Frequency Bandpass Filtering

Choi Seong Jae

Mechanical and Aerospace Engineering
The Graduate School

Seoul National University

Elastic metamaterial, based on its artificially designed internal structures, can
make extraordinary wave phenomena. Among them, frequency filtering
phenomena such as Bragg gap, resonance gap, etc., have been developed especially
because they could be used to realize the systems for super shielding or frequency
selecting of vibrations. Previous methods of designing elastic metamaterials,
however, used continuum-based approaches, frequency filtering phenomena have
not been extended yet to ultra-low frequency region. Here, we present a novel
elastic metamaterial called meta-linkage structure, consisting of discrete elements
such as rigid blocks, springs, linkages, etc. This new metamaterial including
internal linkage mechanisms that can be folded or resonated freely, has a broad-
ranged stopband in the ultra-low frequency even to almost-zero frequency and also
has a following passband owing to a negative branch, each of which is originated
from the folding motion or resonating motion of the internal linkages, respectively.
To get dispersion characteristics of the proposed meta-linkage structure, this paper
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gives an analysis to a theoretical model of the system. After that, numerical
validation for the analysis was made. Finally, the actual fabrication and
experimental verification of the structure was conducted. These results on meta-
linkage structure may open a new breakthrough to realize ultra-low frequency

vibration metamaterial systems or bandpass filtering devices.

Keywords : Elastic metamaterial, Discrete structure, Linkage, Ultra-low
frequency vibration, Stopband, Bandpass filter

Student Number : 2013-22502
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