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Abstract In order to achieve low-frequency broadband vibration reduction, the star honeycomb and the
concave hexagonal honeycomb are combined to form a composite negative Poisson’s ratio honeycomb
structure. The dispersion curve of the composite honeycomb cell is obtained by COMSOL Multiphysics
software with Floquet periodic boundary conditions. The transmission characteristics of the finite period-
ic structure are calculated to verify the existence of the band gap in the dispersion curve. The composite
honeycomb super-structure plate sample is designed and prepared. The response of the composite honey-
comb plate under elastic wave excitation is analyzed by experiments to verify the finite element analysis
results. Genetic algorithm is used to optimize the structure parameters, and several wide bandgaps are
opened at 1000 ~ 2000Hz, which provides useful guidance for bandgap design. Finally, the vibration

spectrum of the floor obtained from the real subway test is used as excitation to simulate the vibration
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reduction performance of the superstructure. The results show that the composite honeycomb super-

structure plate can effectively attenuate the vibration peak of the train floor in 1000~2000Hz.

Key words negative Poisson ratio,
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Fig.1 Composite honeycomb superstructures composed of
concave hexagons and star honeycombs
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Table 1

composite honeycomb superstructures

Material parameters of auxetic

Parameter 0 E 2

Value 1.15 kg/m? 2.6 GPa 0.42
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Fig.2 Composite honeycomb structural cells and
irreducible Brillouin zone
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Table 2 Shape parameters of composite
honeycomb superstructures

Parameter R R R [ s t3 Ly

Value/mm 30 30 10 2 3.5 3.5 2
Parameter tHIUL !HIUR ¢HSL !HSR ¢HDUL !HDUR

Value/mm 3.5 3.5 2 3.5 2 2

R s
= PCTICT T IO IOT

i

Pl 3 O WA 0 2 ) S i 5 A R B0 5 A 0 R R

Fig.3 Schematic diagram of the unit cell composite

honeycomb structure and finite period structure
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Fig.4 Dispersion curve and transmission characteristic curve
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Table 3 Member width constraint
Parameter R; 3 3 L3 Ly LHIDL
Upper limit/mm 6 3 4.5 4.5 3 6
Lower limit/mm 2 2 2 2 2 2
Parameter LHIDR !HIUL CHIUR [HSL  LHSR
Upper limit/mm 6 6 6 6 6
Lower limit/mm 2 2 2 2 2
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Table 4 Optimization parameter results
Parameter R, R R 1 2 L3 1y
Value/mm 51.48 85.80 17.16 2.00 4.50 4.48 2.00

Parameter tumr  tHmpz tHIUL fHIUz  tHSL  lHSR

Value /mm 5.93  2.10 2.02 2.01 3.81 5.98
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Fig.10  Optimized structure and its band structure
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Fig.11 The actual vibration test site of metro train
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Fig.12 Measured vibration acceleration of train floor
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