5% 50 &5 11
2022 4F 11 H

] f K “F 2 4 CH R B R0
JOURNAL OF TONGJI UNIVERSITY (NATURAL SCIENCE)

Vol. 50 No. 11
Nov. 2022

NEHS: 0253-374X(2022)11-1557-10

DOI:10. 11908/j. issn. 0253-374x. 22291

ETHHEBEEM AR ERER SRR E

DI

HIF, FIA,

KA, kR

(1. JEstRE TR FAABE, JEa 100081 ;2. sl Es —ARANE 5T ir, 14t 2RI 430064 )

WE: ST IMS BRI R T —Fh e R A S S5 Y
MR Tr % . MRS LR G 4R T RS R GERYIR
A8TTU5  FE XN AR AT TIEIE . WF9E 1A BRI J7 i
FORBTRHEIFE TS T B S B R, JE 0B T U B2 8
XA A AL T el ESORR L, B R T A
WS BT Ir ik . B, DIXUZ BRI BIAESE A5
G B0 AT = B LR AT TR B LA R R
B =B LRI 52T 25 dB LA A HRSHHIRBOR , 5253 55
UE T T R Y A0 BRI AIR T 12 AT 203 410 ) B8 7 25 4 ) A

KHEIR): FREMRE AR B SE AR R ; S5
FESES: 0328 WHEAFRERD . A

Low-Frequency Vibration Control of
Cylindrical Shell Structures Based on
Piezoelectric Metamaterials

YI Kaijun', YIN Danjie', ZHANG Anfu*, ZHU Rui'

(1. School of Aerospace Engineering, Beijing Institute of
Technology, Beijing 100081, China; 2. Wuhan Second Ship
Design and Research Institute, Wuhan 430064, Hubei, China,)

Abstract: Based on electromechanical coupling

metamaterials, a low-frequency vibration reduction
approach for cylindrical shell constructions is proposed in
this paper. A reduction method for the electromechanical
coupling system is put forward, and the reduction model
is corrected, using the modal synthesis approach. The
wave resistance characteristics of the bandgap in the
finite-length electromechanical coupling metamaterial
cylindrical shell are studied, and the regulation law of the
inductance and resistance parameters to the bandgap
characteristics is circuit

analyzed. Two optimum

parameter design strategies are provided for low-
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frequency vibration reduction applications. Finally, the
first three resonances are tuned using the double-layer
ring strengthened cylindrical shell as the study object. The
numerical simulation results reveal that the first three
resonance peaks have a vibration suppression effect of
over 25dB, proving that the low-frequency vibration
reduction approach proposed in this paper can effectively

suppress the low-frequency vibration of cylindrical shell

structures.
Key words: piezoelectric material; metamaterial;
cylindrical  shell; low-frequency vibration control,;

parameter optimization
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Fig. 1 Schematic diagram of electro-mechanical metamaterial cylindrical shell structure model
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Tab.1 Material properties and geometry

g K /mm &% /mm k4% /mm JELRE /mm [/ GPa R/ (kgem ?)
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Fig. 2 Bandgaps in electro-mechanical metamaterial cylindrical shell structures
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Fig. 8 Accuracy comparison of simplified and full models
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Fig. 9 Variation of response peaks near the first, second, and third resonant frequencies as inductance and

resistance values change
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Fig. 10 Vibration velocity curves of electro-mechanical metamaterial cylindrical shell, near the first, second

and third resonance frequencies
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