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Parameter identification of acoustic porous materials and
its application in sound insulation of metro ceilings

YAO Dan, DU Jiping, ZHANG Jie, WANG Henyu, XIAO Xinbiao

(State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Structure optimization of adding porous materials to the double-layer hollow ceiling of metro trains with weak
sound insulation ability was proposed to alleviate the serious interior noise when the metro trains were running in tunnels.
Considering the difficulty of direct measurement of sound absorption characteristic of the porous materials, acoustic
parameters were tested and then identified by the impedance tube tests and the acoustic parameters identification method.
Sound insulation characteristics analysis model for a lightweight metro ceiling was established based on the transfer
matrix method. The improvement of the sound insulation performance of metro ceilings filled with three typical porous
materials was analyzed, and the effects of the porous materials’ thickness and installation location on the sound insulation
properties were investigated. The results show that the ceiling structure without noise reduction porous material has a
sound insulation valley at 315 Hz. Adding porous material can not only effectively improve sound insulation performance
at the sound insulation valley but also improve the overall sound insulation performance. It is shown that the noise
reduction increases nonlinearly with the increase of the layer thickness of the porous materials. Taking cost into

consideration, the optimal thickness of porous material is 16.5 mm. The effects of the porous material installation location
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on the sound insulation is not significant. It is reccommended that the porous material should be placed close to either side

of aluminum plate. The results of this study can provide a quantitative reference for the noise reduction of the typical

lightweight metro train.

Key words: parameter identification; metro train, ceilings; transmission loss; porous materials
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Table 1 Mass and size of porous materials
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Table 2 Results of acoustic parameters identification
L ¢ o/(Pa-s'm ) a, A/mm A" /mm plkgm )
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GW 0.867 50 008.0 1.013 0.196 9 0.196 9 57.51
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Fig. 4 Sound absorption properties of samples with the same

size (1/3 octave)
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