B52% 6 LR/ N AN T Vol. 52 No-6
2020467 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Jun. 2020

DOI:10. 11918,/202004087
B EFBMARE RS ES T

. 1 - 2 | B 523
BAT I M ERE N K
(L IR AR, LTS R TR B R 1500015 2. WAZRBE T oy BLAs TR,
R 1500015 3. WA/RBE T AL Ko 25 I 3RES SRR BFIEBE , WA/ 150001)

W OE: N TREABERTRETEFNRI, ARBEARAT R, AXEETH AT RERY A ERE T LA THA
MR RN AXCRA BT EIR T A R RATEETE A TEREET T RER M R WE T R 2T,
ETH-UBXZIMETHATESEERARERELT. AAARTETEERORAAEAFZARD T AXERNEH . &
A b R AT AT T S ek 3 TR E R A AR S G I e B R I B AR A R S B R X ATk T A AR R A IR A Y
Bom. R R I, KRR AT R AR SR 8 R S AR S TR T A AT R R DAE R R R AR IR 5EE 3k 2| 5 Bragg 7 IR AE % Ay K
T B AR B R AR IR R R SR R B A AT R R R TR AR AR 5 B K R B R R AR B T M e R R A A R
I Bragg A (R B T FANE 40 B H W 18 5 3 Ak it % % VE AR AR R i 8 R 4R 5 L Bragg 7 18 0 B 48 IR W IR 32 B8
Ty TR AR AR R BRI R S, B TR, R ) M.

KB 7 AR R R R R T B R R W IR A

HESKE, 0327 XERERAERD: A TEHS 0367 - 6234(2020)06 — 0194 — 06

Band-gap property of novel acoustic metamaterial beam
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Abstract: In order to break through the bottleneck of narrowness of the local resonance band-gap ( LRBG) and
obtain wide band-gaps in low frequencies, we apply the local resonator based on magnetorheological elastomer
(MRE) to the design of the new metamaterial beam. In this paper, the spectral element method is used for
modeling and calculation. Based on the discrete Fourier transform theory and the variational method, the spectral
beam element is constructed. According to the force-displacement relationship method, the spectral element of the
local resonator is established. The correctness of the results in this paper is validated by the convergence of the
finite element method results. The influences of the applied magnetic field, the mass of the local resonator and the
material combination of the beam in a cell on the band-gap property are discussed and analyzed. It is found that the
metamaterial beam designed by the local resonator based on MRE can effectively increase the bandwidth of LRBG,
which is comparable to that of the Bragg band-gap (BBG), and can improve the vibration isolation performance.
With the increase of the local resonator mass, the lower bound frequency of the BBG decreases while the bandwidth
increases. Increasing the unit-cell number of the MRE metamaterial beam is an effective means to improve the
attenuation properties of the BBG and LRBG. The larger the difference of the material combination is, the more the
band-gaps in low frequency are, the larger the total bandwidth of band-gaps and the stronger the attenuation
capability become.
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Fig.1 MRE metamaterial beam

(a) A cell of MRE metamaterial beam; (b) MRE metamaterial beam composed by n, cells
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Tab.2 Material parameters used in the paper
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Fig.2  Nodal forces and displacements of the spectral beam element
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Fig.3 Spectral MRE local resonator element
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Tab.3 Parameters of MRE local resonator element in the initial model
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Fig.4  Frequency response calculated by spectral element method
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Fig. 5 Influence of intensity of applied magnetic field on the

band-gap property of metamaterial beam
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Fig. 6  Influence of local resonator mass on the band-gap
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