Open Journal of Acoustics and Vibration 722 5#z3, 2021, 9(1), 10-22 Hans X
Published Online March 2021 in Hans. http://www.hanspub.org/journal/ojav
https://doi.org/10.12677/0jav.2021.91002

{RINER GUHMEE R EGSHRRIL T 5 4

RERAE, K A, FRHYY, FER

MERRLER S, MRS TR R, WidE B

AN S SRS A As E e s, Wik R

SECETIAN S R RS S I RGE L, i

Email: zIzhang1996@ hust.edu.cn, “zhuxiang@ hust.edu.cn, Ityz801@ hust.edu.cn

ks H . 202142 H9H: FHBEM: 202143H4H; KA HW: 202143 H12H

HE

HETHRTITE, ROUARLEBARSIA TH RRESH, RABRBIT TR £ BN, 2
7 RS R L1 B9 BT et AT R BHES, RIS STRIE SimAa LSRR S5 i FFBEAT I L AT, A 45H
AR, REEERIEZRPRR, AT RIMEIRSIFZERICR, RN B8, HfE+E
ZRRYIMLLIYINEEN, ZURIRESEH—TTHRRE T ERARRBRARSABIHERE, 55— HE
—EFRRE R T X SLAL B PP R AR IR S . BT R NI & B E A B TR BRI e B
megse Lo me, MALTRBIEHIROR .

X in
FIHRALL, s, BSRIE, ZURIE, E5Rsh

Design and Analysis of Sandwich Structure
with Negative Poisson’s Ratio for Vibration
Reduction in Low Frequency Range

Zhaolong Zhang!, Xiang Zhu12:3*, Tianyun Li123, Zhiwei Wan!

!School of Naval Architecture and Ocean Engineering, Huazhong University of Science and Technology, Wuhan
Hubei

Hubei Key Laboratory of Naval Architecture and Ocean Engineering Hydrodynamics, Wuhan Hubei
*Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration, Shanghai

Email: zIzhang1996@ hust.edu.cn, "zhuxiang@ hust.edu.cn, Ityz801@ hust.edu.cn

Received: Feb. 9™ 2021; accepted: Mar. 4™, 2021; published: Mar. 12", 2021
IS

MESI M ke, KM, ERE, JTEE. R FURR R E SR B S HT). A5 RSN, 2021, 9(1):
10-22. DOI: 10.12677/0jav.2021.91002


http://www.hanspub.org/journal/ojav
https://doi.org/10.12677/ojav.2021.91002
https://doi.org/10.12677/ojav.2021.91002
http://www.hanspub.org

I 5F

Abstract

Based on the finite element method, negative Poisson’s ratio metamaterials were applied to com-
mon sandwich structures to explore the design scheme of vibration reduction. In a certain design
area, different proportions of star-shaped cells are used for periodic arrangement to form a uni-
form stiffness sandwich structure with negative Poisson’s ratio, then perform harmonic response
analysis to obtain the relationship between structural load-bearing capacity, energy absorption
and stiffness. In order to improve the attenuation effect of low-frequency vibration, a design idea
of variable stiffness was proposed. Numerical simulation results show that on the one hand, the
variable stiffness structure expands the low frequency band with damping effect compared with
the uniform stiffness structure; on the other hand, it also reduces the output acceleration level of
the corresponding location evaluation point to a certain extent. Therefore, reasonable arrange-
ment of stiffness is helpful to improve the distribution of energy on the transmission path and op-
timize the vibration control effect.
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Figure 1. Typical negative Poisson’s ratio unit cell structure
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Figure 2. Finite element model of negative Poisson’s ratio structure
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Figure 4. Vibration level difference curve
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Figure 5. Vibration level difference curve of 1Hz-Critical frequency
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Figure 6. Acceleration level curve
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Figure 14. Comparison of vibration isolation parameters of 9 x 9 examples
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