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ABSTRACT: Acoustic identification of inner materials in a single-layer cylindrical shell is investigated with
acoustic resonance theory. The theoretical resonance peak frequencies for a cylindrical shell are little affected by
the density variation, but remarkably changed by the sound speed variation of inner materials. Such acoustic
dependency can be utilized to identify inner materials in a cylindrical shell. Acoustic resonance spectrogram for
a single-layer cylindrical shell is theoretically plotted as functions of normalized frequency and sound speed of
inner materials. The inner materials can be acoustically identified by overlapping acoustic resonance peaks from
measured backscattering sound field on the spectrogram. To experimentally confirm this method, backscattering
sound field of cylindrical shell filled with water, oil or ethylene glycol was measured in water tank. The inner
materials could be identified by acoustic resonance peaks of the backscattering sound field monostatically
measured with a transduce of 1.05 MHz center frequency.

Keywords: Resonance scattering theory, Cylindrical shell, Acoustic identification, Acoustic resonance spectrogram
PACS numbers: 43.30.Gv, 43.40.Ey, 43.40.Sk
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Fig. 1. Incidence of a plane wave to an infinite single-

layer cylindrical shell.
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Fig. 2. Theoretical 2-dimensional acoustic resonance

amplitude for cylindrical shell as functions of sound
speed and density of inner materials.
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Fig. 3. Theoretical acoustic resonance spectrogram
as a function of sound speed of inner materials.
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Table 1. Physical parameters of targets.

Outer Inner Sound .
. . Inner Density
Target | diameter |diameter materials speed (ke/m’)
(mm) (mm) (m/s)
Target 1 8.05 4.40 Water | 1445 999
Target 2|  8.05 4.40 Oil 1471 820
Target 3| 8.05 440 BNl deo | 1132
glycol
o Transverse
Tarcet Shell V:;;:;gl\t/l;il;:?l wave Density
& materials (mfs) ty velocity | (kg/m?)
(m/s)
Target 1
Target 2| Aluminum 6648 3108 2711
Target 3

Temperature : 10.5 C
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Fig. 4. Experimental setup to measure backscattering
sound field from a cylindrical shell target.
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