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Noise Reduction Characteristics of a High-performance Air-gap Resonator
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Abstract

The objective of the paper is to demonstrate the noise reduction characteristics of an air-gap resonator, which is
composed of an air gap and a partition sheet. By means of installing the air-gap resonator in an enclosed cavity, acoustic
resonance can be effectively suppressed using a small space. In particular, it is revealed from a simple, one-dimensional
model that the air-gap resonator serves as the Helmholtz resonator that generally absorbs acoustic resonance energy at
its resonance frequency. As a result, the air-gap resonator also has a resonance frequency, which can be predicted with a
simple frequency equation derived in the paper. Finally, verification experiments show that the air-gap resonator can be
effectively designed by predicting a reasonable gap thickness using the simple frequency-equation.
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(a) Air gap between the roof and the headliner in
a passenger vehicle
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Fig. 1 Acoustic cavity with the air-gap system
and its theoretical model
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Table 1 Comparison between approximate resonant
frequencies and exact ones when f, = 72Hz
(py =1.9kg/m”)

AL [cm] App. Exact App. Exact
Pp=Po Py =2p,
2 3163 | 315.7 229.4 2292
4 2294 | 2284 170.0 170.0
6 191.9 190.7 144.9 144.5
8 170.0 | 168.6 130.6 130.0
10 155.4 153.8 121.1 120.5
Pp=3p P =4p,
2 191.9 191.7 170.0 169.9
4 144.9 144.7 130.6 1304
6 1254 125.1 1144 114.2
8 114.4 114.1 105 105.2
10 107.3 106.9 100 99.4
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Fig. 2 Experimental set-up of a box-shaped acoustic
cavity with an air-gap resonator. {4 edges of
the partition sheet are clamped)
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Fig. 4 Acoutic frequency response function (AFRF)
when the A-type partition sheet is attached to
the upper boundary.
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