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Fig. 1. Analysis of vibration propagation in a traditional periodic support structure of a beam: (a) Schematic diagram of the vibra-

tion propagation path; (b) transverse vibration transmission ratio of the proximal support at different fj; (c) transverse vibration

transmission ratio of the distal support at different fy; (d) longitudinal vibration transmission ratio of the right-end section.
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Fig. 2. Structural design of a vibration isolation and absorption integrated metamaterial beam: (a) Theoretical model; (b) metacell

model.
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Fig. 3. Vibration transmission ratio of the traditional structure and the integrated vibration isolation and absorption structure at

proximal support structure: (a) Transmission ratio curve; (b) traditional vibration isolation structure; (c) multi-layer vibration isol-

ation structure; (d) integrated vibration isolation and absorption structure.
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Fig. 5. Metacell models and corresponding longitudinal attenuation coefficients of support beams in different configurations:

(a) Longitudinal attenuation coefficient of the multi-layer vibration isolation model; (b) longitudinal attenuation coefficient of the

integrated vibration isolation and absorption model; (c¢) schematic diagram of multi-layer vibration isolation model; (d) schematic

diagram of integrated vibration isolation and absorption model.
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Fig. 8. Modulation law of the mass ratio r and the additional mass ratio 8: (a) Modulation of the starting frequency of the trans-
verse LR bandgap; (b) the effect of the additional mass ratio 8 on the width of the transverse LR bandgap; (c) the effect of r on
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Fig. 9. Synergistic modulation of Bragg band gaps and LR bandgaps: (a) Collaborative modulation of third-order LR bandgap and
Bragg; (b) attenuation coefficient curves of three approximate coupled bandgaps.
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Table 1. Bandgap width and total width of the three coupling modes.
a/mim
rn AL /
3000 3850 3360 3220
Lt HARIIR /Hz, 21.4—26.0 18.2—29.4 19.9—25.2 20.3—25.2
S
Fi)¥ /Hz 4.4 11.2 5.3 4.9
LRI /Ha 31.7—33.8 32.6—34.5 30.2—34.7 30.6—32.8
2nd e
BeE /Hz 2.1 1.9 45 2.2
s HARIIR /Hz, 35.5—36.1 35.3—36.2 35.4—36.3 34.7—36.3
T
Sil¥ /Hz 0.6 0.9 0.9 1.6
HRLRIIZE /Ha 36.8—37.0 36.3—40 36.4—43.7 36.4—45.5
4th e
e /Hz 0.2 4.7 7.3 9.1
B9 % /Hz 7.3 18.7 18.0 17.8
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Fig. 10. Synergistic modulation of Bragg bandgaps and 1st LR bandgap: (a) Longitudinal and transverse band structures;

(b) transmission ratio curves of proximal and distal supports.
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Fig. 12. Schematic diagram of the vibration isolation and absorption integrated metamaterial beam: (a) Metamaterial beam model;

(b) metacell of the metamaterial beam; (c) metacell of the wave-insulating vibration isolator.
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Fig. 13. Vibration characteristics of the 5-period vibration isolation and absorption integrated metamaterial beam: (a) Comparison

of vibration transmission ratios obtained by the spectral element method and the finite element method; (b) vibration response of

the integrated vibration isolation and absorption metamaterial at specific frequencies.
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single-degree-of-freedom isolator.
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Abstract

Advanced vibration control technology is widely needed in the fields of aerospace and shipbuilding.
Currently, separate vibration absorption and isolation design of most systems are separated, and existing
isolation designs cannot effectively enhance the isolation of low-frequency line spectra. There is an urgent need
to develop integrated vibration absorption and isolation designs and strengthen low-frequency line spectrum
control. In response to this need, this paper focuses on a typical Euler beam and the investigation of the
propagation characteristics of vibrations in transverse direction and longitudinal direction, the principles of
integrated vibration absorption and isolation design, and the synergistic regulation of bandgaps, based on
acoustic metamaterial bandgap wave-insulating vibration control configurations and analytical methods.
Ultimately, without adding additional structures, the wave-insulating vibration control device is used to
generate multiple modes of vibration absorption and isolation simultaneously, achieving an integrated low-
frequency, broadband, and high-efficiency vibration absorption and isolation design. This method achieves
broadband vibration isolation in the transverse vibration isolation path while also introducing local resonance
bandgaps that significantly improve low-frequency vibration isolation. In the longitudinal (forward propagation)
path, in addition to near-zero and Bragg bandgaps, multilayer isolators generate multimodal local resonant
bandgaps, achieving low-frequency broadband vibration absorption and effective control in the entire frequency
range. This paper elucidates the synergistic modulation of longitudinal and transverse bandgaps, showing that
by superimposing these bandgaps, an impressive bandgap ratio of 87.3% below 100 Hz across the entire
frequency range can be achieved. Furthermore, an entity structure is designed, and the accuracy of the
analytical results is verified by using the finite element method. The findings provide feasible design ideas for
realizing the integrated vibration absorption and isolation of complex structures such as beams, plates,

pipelines, and frames.
Keywords: metamaterial, bandgap, vibration absorption, vibration isolation
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