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Fig. 1. Cylindrical shell coated with acoustic coating embedded with air cavities (the cavity distance shown

in the figure does not reflect the real model): (a) Central vertical section view; (b) cross section view.

R AMEFMELE GRS H

Table 1. Geometric properties of the cylindrical shell and acoustic coating.

h1/mm ha/mm hs3/mm h4/mm hm/mm di/mm ri/m ro/m
28 4 36 30 50 13 0.5 0.53
#2 RN R DR 2 K
Table 2. Material properties of the cylindrical shell and acoustic coating.

% /kgm™3 % KA/ Pa HEL7N = FERH T

We 7850 200 x 10° 0.33 0

I R A 1100 2 x 107 x (1+0.51) 0.497 0.5

BISHEE R 1100 2 x 107 x (1+0.51) 0.497 0.5
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Fig. 2. Schematic of the acoustic coating backed by

steel layer: (a) Acoustic coating embedded with cylin-
drical air cavities; (b) acoustic coating of a homoge-

neous isotropic layer.
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Fig. 3. Two-dimensional model of cylindrical shell
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coated with homogeneous isotropic layer.
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Fig. 4. Three-dimensional model of cylindrical shell
coated with acoustic coating embedded with air cavi-

ties.
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Fig. 5. Diagram of physical experiment with water-
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ment to calculate the complex reflection coefficient.
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Fig. 7. (color online) Comparison of the results of com-
plex reflection coefficient (amplitude) obtained from
experiments and finite element method for the homo-

geneous isotropic layer.
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(b) equivalent loss factor; (c) equivalent Poisson’s ra-
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Investigation of underwater sound scattering on a
cylindrical shell coated with anechoic coatings by the
finite element method based on an equivalent
parameter inversion®

Jin Guo-Liang Yin Jian-Fei Wen Ji-Hong' Wen Xi-Sen

(Science and Technology on Integrated Logistics Support Laboratory, College of Mechatronic Engineering and Automation,
National University of Defense Technology, Changsha 410073, China)
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Abstract

Anechoic coating attached to the surface of an underwater object is used for absorbing sound wave thereby reducing
the reflection. The anechoic coating is often made of viscoelastic materials embedded with designed acoustic substruc-
tures, such as air cavities. The prediction of sound scattering on underwater object coated with such materials can
be challenging due to the complex geometry of the anechoic coating, and it has been a research subject of interest in
underwater acoustics. In this paper, we study the sound scattering on an infinite cylindrical shell coated with anechoic
coating. Two types of coatings are considered: one is a layer of homogeneous isotropic material, and the other is a layer
of homogeneous isotropic material with periodically embedded cylindrical air cavities. We use an equivalent method,
in which the anechoic coating with air-filled cavities is regarded as a homogeneous isotropic material with equivalent
material properties. The key point of the equivalent method is to ignore the internal structure of the anechoic coating,
and the anechoic coating is considered as a homogeneous isotropic layer with the same complex reflection coefficient.
These equivalent material properties are acquired based on the data of complex reflection coefficient obtained from either
the physical experiment using water-filled impedance tube or the numerical experiment using the finite element method
with COMSOL Multiphysics software. Then a genetic algorithm is used to inversely calculate the equivalent Young’s
modulus, Poisson’s ratio, and damping loss factor of the coating which has the same reflection coefficient as the original
coating. The results of the equivalent material properties show that 1) the three properties are all frequency dependent;
2) in general, equivalent Young’s modulus increases with the increase of frequency, meanwhile the equivalent damping
loss factor tends to decrease; 3) there is a wide variation in the results of equivalent Poisson’s ratio. Despite that, the
reflection coefficient of the equivalent homogeneous isotropic coating accords well with that of the original coating.

Based on the above, the sound scattering on the infinite cylindrical shell coated with the equivalent coating is
calculated by using the finite element method based on COMSOL Multiphysics software. In order to verify the accuracy
of the equivalent model, we use COMSOL Multiphysics software to build up the full geometrical model of the coated
shell to calculate the sound scattering. This can be considered as the benchmark. The results of morphic function show
that the scattering calculated using equivalent material properties accords well with that obtained from the full finite

element model with a mean error of about 1 dB in all frequency spectrum range.

Keywords: sound scattering, acoustic coating, equivalent parameter, finite element method
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