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Acoustic Radiation from Radial Vibration Modes of a Thick Annular Disk
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ABSTRACT

This article proposes analytical solutions for sound radiation from radial vibration modes of a thick

annular disk. Structural eigensolutions are calculated using the transfer matrix method. The far-field

sound pressure distribution is obtained using two alternate methods. In the first method. pressure is

calculated using the Rayleigh integral technique. The second method treats sound radiating radial

surfaces as cylindrical radiators of finite length. The Sinc function approach is employed for

calculations. Acoustic powers and radiation efficiencies of radial modes are also determined from the

far-field sound pressure calculations. Analytical predictions match well with measured data as well as

computational results from a finite element code in terms of structural eigensolutions and from a

boundary element code in terms of sound pressure, directivity etc.
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Fig.1 A thick annular disk

Table 1 Disk dimensions and material properties

Quter diameter (a) 151.5 mm
Inner diameter (b) 82.5 mm
Thickness (h) 31.5mm
Mass density ( 04) 7905.9 kg/m’
Young's ratio {e) 218 GPa
Poisson’s ratio { v) 0.305
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Fig.2 Comparison of radial mode shapes Key:
solid line, analytical solution given by
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element analysis

Table 3 Experimental modal damping ratios for

Non-dimensional frequency A, = ®,( 04 ha’/D)** radial modes

Transfer matrix | Finite element | Experiment Mode g | Frequency(kHz) | Damping ratio(%)
2 0.493 0.498 0.489 2 2.86 0.31
3 1.193 1.207 1.185 3 7.00 0.13
0 1.296 1271 1.254 0 7.26 0.13
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