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Sound absorption performance of concave hexagonal honeycomb sandwich panels

with negative Poisson’s ratio

KONG Weifan , FU Tao’
(School of Mechanical and Electrical Engineering, Kunming University of Science and Technology,
Kunming 650500, China)

Abstract: In order to improve the sound absorption characteristics of the traditional honeycomb sandwich panel
structure, a negative Poisson's ratio concave hexagonal honeycomb sandwich panel structure was proposed, the
upper panel of the structure was a micro-perforated plate, and the sandwich layer was a negative Poisson's ratio
concave hexagonal honeycomb, which was composed of 19 units cavity resonators with internal extension tubes.
The sound absorption coefficient of the concave hexagonal honeycomb sandwich plate structure in the frequency
range of 500-950 Hz was calculated by COMSOL simulation software, and the validity of the simulation results was
verified by the B&K standing wave tube measurement system. Under the premise of keeping the structure of
negative Poisson's ratio concave hexagonal honeycomb cell unchanged, the influence of cell parameters on the
sound absorption coefficient of honeycomb sandwich plate structure was studied. The results show that when the
cell inclination angle increases, the porosity of the inner extension tube decreases, and the wall thickness of the
cavity decreases, the sound absorption performance of the structure is enhanced. In addition, the increase of cavity
depth and the increase of inner extension tube length will lead to the resonance frequency moving to lower frequen-
cies, and the change of cavity depth is more obvious. In the frequency range of 500-950 Hz, the average sound
absorption coefficient of the structure is increased by 5.64% compared with the traditional honeycomb sandwich

panel structure, indicating that the negative Poisson's ratio has better sound absorption performance in the low
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frequency range than the traditional honeycomb sandwich panel structure.

Keywords: negative Poisson'sratio; sound-absorbing structure; sound absorption coefficient; mezzanine panels;

cavity resonator
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Fig.1 Structure of cells and spatial arrangement
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Fig.3 B&K standing wave tube measurement equipment (a) and photograph of the specimen (b)
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Table 1 Parameters of cells

Cavity depth Center axis to upper Concave inclination ~ Cavity wall thickness ~ Upper panel thickness ~ Lower panel thickness
L/mm panel distance a/mm  6/(°) t/mm fiop/Mm tho/ MM
30 11 70 0.5 2 2
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Table2 Diameter d, of 10 different sizes of
inner extension pipes

Unit d,/mm

4.6
4.9
5.6
5.2
6.0
6.0
4.7
5.6
4.5
4.7
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Table 3 Pipe length I, of the inner extension pipe

Unit l,/mm

1,234,510 11.5
6 8.9
7 1.4
8 5.3
9 0
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Fig.4 Meshing of negative Poisson's ratio structure model
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Fig.6 Frequency-absorption coefficient curves for experiments and

simulations of concave hexagonal structures with negative Poisson's ratio
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Fig. 7 Frequency-absorption coefficient curves of negative Poisson's

ratio concave hexagonal honeycomb structure and traditional hexagonal

honeycomb structure
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Fig.8 Frequency-absorption coefficient curves of negative Poisson's

ratio concave hexagonal structures with different concave

inclination angles
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Fig. 11 Frequency-absorption coefficient curves of negative Poisson's

ratio concave hexagonal structures with different inner extension
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Table 4 Length of intracellular extension tube I, in negative Poisson's ratio concave hexagonal structure specimen

Unit 1,2,4,5,10 6 7 8 9
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l,-4/mm 5.42 5.42 5.42 5.42 5.42
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