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Flexural bandgap and vibration reduction performance of
locally resonant metamaterial beams

XIONG Jian-rong, LI Yong-sheng, REN Feng-ming®
(School of Civil Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract ; In this paper, based on the local resonance mechanism, which could generate vibration re-
duction bandgap in the low frequency range, a metamaterial beam with periodically arranged local res-
onance units was designed in order to strengthen structural resistance to vibration. The flexural
bandgap of a metamaterial beam was analyzed by combining the theory of Euler-Bernoulli beam and
the plane wave expansion method commonly used to calculate the bandgap. And by comparing the fi-
nite element software calculation results and theoretical calculation results, it was found that the two
results were very consistent, which verified the reliability and validity of the bandgap calculation by
the finite element software. The effect of rubber height, rubber modulus, core column height and core
column density on the flexural bandgap of the metamaterial beam and the vibration reduction perform-
ance of the metamaterial beam were further investigated. The results demonstrated that the metamate-
rial beam designed in this paper could generate a low frequency bandgap of 60.7 - 98.3 Hz, and
could attenuate more than 70% of flexural vibration in the range of 61 —82 Hz. By using a low modulus
of elasticity rubber and reducing the height of the rubber a lower frequency bandgap could be created,
increasing the height and density of the core column could form a lower frequency and wider bandgap.
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Fig.1 Schematic diagram of the model of a locally resonant metamaterial beam
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Fig.2 Equivalent model of a metamaterial beam
FETUREL ~ A5 MR BIE , W bR R 17 2
MR BIBITSE o T K 20 I 11 3 i 2, B e 2 )
TSN 3 s, Horfr, MR Q 23 A A B i 1
(Y FERNTT 7,00 (e, ) SRR 1) (5 , AR 0328 B9 DLJK
JREAT BB e 1) 1 -5 R N
S0+ Ty
Q (Q+axdx) m aztdx-Oo (2)

15 0= DA (2) TSR MRS

—
I
B
=
<+
|
D
P —
|
4—'7
<«
“
|
-

aQ
Q +de

dx —

B3 WL - A 55 R B 52 J7 ] P

Fig.3 Force sketch of a Euler-Bernoulli beam micro-segment
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