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Prediction Model of the Sound Transmission Loss of
Honeycomb Panels for Railway Vehicles
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Seockhyun Kim - Insu Paek - Hyunwoo Lee - Jeong-tae Kim

Abstract Sound transmission characteristics are investigated on the honeycomb panels used for railway vehicles.
Equivalent orthotropic plate model and equivalent mass law are applied to predict the sound transmission loss (STL)
of the honeycomb panels. The predicted values of the STL are compared with the measured values. The reliability and
the limitation of the prediction models are investigated. Coincidence effect and local resonance effect on STL are con-
sidered. The result of the study shows that the equivalent orthotropic plate model can be used as a good prediction
model, if the local resonance frequency is properly applied. Finally, ways to improve the severe STL drop by local res-
onance are proposed and the effect on the sound insulation performance is analysed.
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Fig. 1. Structure of honeycomb panel
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Fig. 2. Honeycomb extruded panel
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Table 1. Specification of Aluminum Extruded Panel

Young's Modulus, E 71.5 x 10°N/m?
Mass density, p 2800kg/m’
Poisson's ratio, v 0.33
Panel height, & 80.5mm
Plate thickness, tp 2.8mm
Core thickness, f¢ 2.5mm
Equivalent mass density 25.04kg/m?
Panel dimensions, LxxLz 2.15m x 2.15m
Bending stiffness, By 594537Nm
Bending stiffness, By 748571Nm
Ist critical frequency, fo 110Hz
2nd critical frequency, f.» 123Hz
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Fig. 3. A comparison of the sound transmission loss for an
honeycomb panel. (J: experiment, --: orthotropic model,

--: mass law (Eq. (12)).
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Fig. 4. Frequency response function of the honeycomb panel
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Fig. 5. Local resonance modes
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Fig. 6. Sound transmission loss of the honeycomb panel. (:
experiment, --: orthotropic model (f,;=600Hz, f,=750Hz),

— orthotropic model (f;;=900Hz, f,=1100Hz), ---: mass
law.
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Fig. 7. Design variables of the core structure

Table 2. Ist local resonance frequencies for the modified core

structures

Model | Modified | Original | Modified

model [ model model 2

Parameter ¢=455" | ¢=50° ¢=60°
Height, h(mm) 80.5 80.5 80.5
Plate Thickness ratio 1.05 1.00 0.90
Mass Density (kg/m?) 25.04 25.09 25.09

Space Sy (mm) 161 131 93

Ny ;;;;‘*‘C‘yv(‘fgm’“ 393 590 830

60

40

TL (dB)

20 <...v.-.4..u,<.

Frequency (Hz}

Fig. 8. Sound transmission loss of the modified panels. —:
modified model 1, --- : original model 2, —- - : modified
model 3.
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Fig. 9. Sound transmission loss vs. structure loss factor. —:
=01, --:1=001,---:n=0001
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