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Fig. 1. 2D-axis symmetric models: (a) Air-filling

model; (b) partially solid-filling model.
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Table 1. Geometry and acoustic parameters of target.

H i F42 /m )% /m B /m
£
REL 0.25 0.008 2
A Rf
o Longitudinal Shear wave Density
wave cp/m-s~! cs/m-s™1 p/kg-m~3
K 1500 0 1000
5% 5940 3100 7800
W 2500 1200 2000

2.3 BUEHES S

R FUOR & B 7 Xt JEU iz, FIH 2D-
FE J5 3% vk 50 9 Foiss B SO Ak ek 2. e i &=
50 Hz. HUEIFEABIMMER -AEEmE 2, K
6 = 0°(BRyet 77 ] HE ), 90° (IERE 77 1), 180° (*F- 15
Uiy N4fF). 7E 0°—180° 3 [l P 25038 N 538 5 ), N
S A 50 Hz—10 kHz, HRBE 50 Hz. th#
MR IS FE R H AR B AR, B0 dB.
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Fig. 2. Frequency-angle function in spectral domain:
(a) Air-filling model; (b) partially solid-filling model.
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Fig. 3. Comparison of spectral function at different in-
cident angle: (a) 8 = 0°, the sound wave incident right
against air-filling cap; (b) 6 = 90°, the sound wave in-
cident normally against axis of cylinder; (c) 8 = 180°,

the sound wave incident right against flat face.
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Fig. 4. Arrangement of free field for acoustic scatter-

ing experiment.
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Fig. 5. Pseudo-color image of distance-angle in time
domain: (a) Air-filling model; (b) partially solid-filling

model.
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tral domain: (a) Air-filling model; (b) partially solid-
filling model.
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Fig. 7. Echoes and filtered results when the sound

wave incidents normally to the axis of cylinder:
(a) Echoes; (b) filtered results.
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Table 2. Echoes in time domain when wave incident

normally to the axis of air-filling target.
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Fig. 9. (color online) Echo characteristic of partially
solid-filling model when the sound wave incidents at
0 = 90°. (a) Echoes; (b) filtered results.
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Table 3. Echoes in time domain when wave incident

normally to the axis of solid-filling target.
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Fig. 10. (color online) Sound propagating in solid-filling model (6 = 90°).
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solid-filling model when azimuth angle 6 = 90°.
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Abstract

Resonance peaks of spectral function transformed from echoes are the most important characteristics for distin-
guishing the different targets. So in frequency domain, response function is usually calculated with small interval in a
wider frequency band to satisfy the demand of fast and high precision prediction in practical engineering. According to
axis-symmetric model, we use 2 dimensional finite element method to solve the acoustic scattering problem efficiently,
even when the scattering target has a large size and complex structure. This article focuses on the explanation of scat-
tering characteristics of a special target, namely, a partially solid-filling cylinder with hemispherical cap and thin-shell.
Supposing that the receiver and transmitter are in monostatic arrangement, we calculate scattering strength in far field
in a frequency range of 50 Hz—10 kHz, and give pseudo-color image represented by frequency-angle to describe influences
of shell, filling and the orientation of the incident wave on scattering properties. According to the numerical results,
the following conclusions are given: when the transmitter is facing the hemispherical cap (the cap has a vacuum inside,
and the incident angle 6 is equal to 0°), the main contribution of scattered wave comes from the shell of target. When
6 = 180°, the internal filling inhibits the elastic resonance of the shell, and plays an important role in the total scattering
field. Because the acoustic impedance of the shell is much larger than that of the water, elastic resonance of the shell is
more difficult to excite than that of the solid filling. While the material property of the solid filling is not significantly
different from that of the water, so the elastic resonance of the filling fluctuates relatively fast, and the scattering function
vibrates approximately with equal amplitude in a wider frequency band. When 6 = 90°, the sound wave is perpendicular
to the axis of the cylinder, the shell and the filling work together on scattered waves. Once the incident angle deviates
from 90° and the sound wave obliquely illuminates target with respective to the axis of the cylinder, the echo of the
filling material plays a predominant role in the total scattering field. The frequency-angle spectrum of the solid filling
model presents the “bowl” type resonance curve. In order to validate which physical and geometrical structure must
be considered in solution of scattered far field, the acoustic scattering experiments are performed in tank with a target
suspending in water, which is in monostatic arrangement and satisfies the free field condition. Frequency of incident
wave is in a frequency range of 10-40 kHz. For obtaining pseudo-color image of distance-angle, echoes are received and

measured when the target is rotated from 0°-360°. The scattered waves are divided into mirror reflection and various
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Shanghai Jiao Tong University, China (Grant No. 1417).

1 Corresponding author. E-mail: lixiukun@hrbeu.edu.cn

184301-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 48 Acta Phys. Sin. Vol. 65, No. 18 (2016) 184301

components of elastic wave, and the mechanisms of these echoes are explained based on circumferential wave around the
surface. Whispering gallery waves are also considered and clearly seen in the experiment. Due to the coupling interaction
between the filling and elastic shell, the resonance curve of frequency-angle spectrum splays “bowl” curve outward the
sides of normally direction. Experimental and numerical results are in good agreement, which is indicated by comparing
the resonance peaks characteristic in spectral domain. The results of this article will be helpful in studying underwater

target with more complicated structure.

Keywords: 2-dimensional finite element, partially solid-filling cylindrical shell, pseudo-color image of

distance-angle echoes, frequency-angle spectrum
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