Analysis acoustic target strength of anechoic coatings in
low frequency based on equivalent parameter inversion
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Abstract. It’s generally different to predict the acoustic target strength of a submarine with
anechoic coatings by conventional finite element method (FEM). Parameter inversion is a
common method to solve this problem. Some researchers have studied the parameter inversion
about normal incidence of anechoic coatings. In this paper, the FEM of impedance tube is used to
obtain acoustic reflection coefficient of anechoic coatings. Then the genetic algorithm is applied
to acquire the physical parameters of viscoelastic material which is equivalent to anechoic
coatings. The LMS Virtual Lab is used to construct finite element model of the anechoic coatings
to validate the parameter inversion with normal incidence.

Keywords: acoustic target strength, anechoic coatings, parameter inversion, finite element
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1. Introduction

As a powerful naval vessel, the submarine usually has an important characteristic of the stealth
performance. One potential approach for improving the stealth performance of the submarine is
to attach anechoic coatings to it. Anechoic coatings can reduce the reflection of sound waves, so
it is necessary for researchers to study the acoustic scattering properties of the shell structures
covered by anechoic coatings. The Finite Element Method (FEM) is most popular numerical
techniques for handling acoustic computation [1, 2]. Kim established a numerical methodology
based on Kirchhoff approximation to simulate the acoustic target strength (TS) of a submarine
attached with anechoic coatings, and the finite element method is applied to calculate the acoustic
pressure reflection coefficient [3]. Jin studied the acoustic scattering under the cylindrical wave
radiation boundary of an infinite cylindrical shell with anechoic coatings based on the method of
equivalent parameter inversion, and the satisfactory results had been obtained [4]. Wu analyzed
the scattering characteristics of elastic spherical shells coated with locally resonant acoustic sonic
materials using the T-matrix Method (TM) and the Finite Element Method (FEM) [5]. Panigrahi
analyzed the acoustic scattering properties of Alberich anechoic coatings based on FEM [6].
According to the periodic boundary conditions, Hennion applied the Bloch theorem to establish
the model about unit cell of Alberich anechoic coatings, and studied the resonance absorption
mechanism of the cavity of the acoustic absorption materials by FEM [7, 9]. Leon researched
acoustic scattering of an elastic hollow cylindrical shell of infinite length which excited by an
obliquely incident plane acoustic wave, and the results of the theoretical calculation and
experiment were basically consistent [7].

2. Analysis

In this paper, the considered objects are two finite length cylinder models (model A and model
B), with length L = 1.0 m and inner diameter r = 1.0 m. Model A which consists of steel and
Alberich anechoic coatings is composed of 2460384 nodes and 2308608 elements, model B that
consists of steel and viscoelastic material is composed of 267800 nodes and 237312 elements.
Fig. 1 shows the schematic diagram of them. Then the considered objects are struck by the plane
wave, and the direction of the plane incident wave is along the x-direction, the scattered sound
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pressure response at a distance of 1.0 m from acoustic center can be obtained by LMS Virtual Lab.
The acoustic target strength of cylinder could be calculated by Eq. (1):

p
TS = 201ogp—f| et )
L

where p, is the reflected pressure, p; is the incident pressure.
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Fig. 1. Cross section view: a) model A, b) model B

The Alberich anechoic coating made of viscous materials and included specific shape holes is
studied. Fig. 2 shows the physical model of Alberich anechoic coating. The geometric parameters
of anechoic coatings are listed in Table 1. According to the periodicity of cavity, the model of
anechoic coatings can be simplified to the unit cell to analyze the acoustic scattered properties by
the Bloch theorem [6]. Therefore, the following periodic boundary conditions should be
satisfied [1]:

U(~,3,2) = uy(a,,2) = 0, )
uy(x,—b,z) =u,(x,b,z) =0, 3)
Uy(x,—b,z) = uy(x, b, 2), 4
uy(_a'ylz) = uy(a'y,z)» (5)

in which the u,, u,, are the displacements inxandydirections, respectively.
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Fig. 2. Front and side view of unit cell

Table 1. Geometrics properties of anechoic coatin,
2a 2b dy h H
30mm | 30mm | 10mm | ISmm | 20 mm

The impedance tube method is usually used to measure the pressure reflection coefficient
about anechoic coatings. The principle of the impedance tube method is the dual hydrophone
transfer function method. The acoustic signal can be divided into the incident signal and the
reflection signal using dual hydrophone. The FEM can be applied to simulate the impedance tube
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method to obtain the pressure reflection coefficient of anechoic coatings. The reflection coefficient
can be calculated by Eq. (6):

Hy,ei®eikd — gikds
e-tkdz _ [ ,elvg-ikdy’

Q)

IRle® =

where k is wavenumber, d is the distance between the first hydrophone and anechoic coating, d,
is the distance between the second hydrophone and anechoic coating, H,, is transfer function.

As shown in Fig. 3, it’s the FE model steel structures with anechoic coatings. The material
properties for the anechoic coatings and steel structures are shown in Table 2.

hole steel

Viscous material

water

Fig. 3. FE model for anechoic coatings to calculate the pressure reflection coefficient

Table 2. Geometrics properties of anechoic coating

Material Young modulus Density Poisson ration | Loss factor | Thickness
Viscous material | 1.4x108N/m? | 1100 kg/m’ 0.49 0.23 20 mm
Steel 2.1x10" N/m? | 7850 kg/m? 0.33 0.001 25 mm

3. The principle of equivalent parameter inversion

The Alberich anechoic coating can be regarded as a homogeneous viscoelastic material by
equivalent parameter inversion. According to the principle that the original reflection coefficients
(Ry) are equal to the reflection coefficients using the equivalent parameter inversion (R), the
genetic algorithm is applied to invert Young Modulus (E'), Poisson Ration (1) and Loss Factor (1)
of viscoelastic material. R, could be acquired by using the impedance tube method based on the
FEM. According to the transfer matrix method, R can be calculated [10]:

7@ _ Zy — iZytang, .z 7
in : 2 ( )
Z, — iZtang,
-1 .
20 _ z0Y — iz, tang, , )
in — (1) s (®)
Zy —Z,, “tang,
_ Zi(:) — Zny1
= ©)
Zin +Zn+1
where Z,, Z,,..., Z,,, are impedance of the layers, Zi(j),..., Zi(;:) are the equivalent input
impedance, ¢,, ..., ¢, are phase displacement of acoustic wave in layers.

The genetic algorithm is a computing model simulating the natural selection of the theory of
evolution of Darwin and. It can search the optimal solution within the range. The genetic algorithm
toolbox in MATLAB is used to invert physical parameters and the fitness function as follows [4]:

(R — Ro)(R— ko)
= (10)
F Rol
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when the F is smaller than a certain value, it can be inferred that R equal to R and the physical
parameters inverted are valid. In this paper, the certain value is 0.002.

4. Results

As is shown in Fig. 4, the solid line stands for the reflection coefficient that obtained from
conventional FEM of anechoic coating based on impedance tube method, the dashed line
represents the reflection coefficient that obtained from equivalent parameter inversion of anechoic
coating based on impedance tube method. The tendency of the results of two cases is roughly
consistent. Below the 720 Hz, reflection coefficient obtained from equivalent parameter inversion
is smaller than it from conventional FEM. Above the 720 Hz, reflection coefficient obtained from
equivalent parameter inversion is greater than it from conventional FEM. The biggest deviation
between the results of two cases is 0.1, and the average deviation is smaller than 0.06.
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Fig. 4. Comparisons of the reflection coefficient obtained
from conventional FEM and equivalent parameter inversion

As is shown in Fig. 5, the tendency about the results of two cases is also roughly consistent.
Above the 1100 Hz, the abeam acoustic target strength of cylinder obtained from equivalent
parameter inversion is greater than it from conventional FEM. The biggest deviation between the
results of two cases is about 5 dB, and the average difference is smaller than 2.5 dB. The deviations
indicate that two target strength values are within the acceptable range, but the equivalent
parameter method can reduce the computational costs and improve the computational efficiency
significantly.
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Fig. 5. Comparisons of the TS of cylinders obtained
from conventional FEM and equivalent parameter inversion

5. Conclusions

In this paper, the equivalent parameter method has been applied to simulate the target strength
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of finite length cylinder with anechoic coatings. This method ignores the complex acoustic
structure of anechoic coatings, and the genetic algorithm has been used to invert the physical
parameters (E, n, p) based on the principle that the the reflection coefficients obtained from
conventional FEM are equal to reflection coefficients obtained from equivalent parameter
inversion. The reflection coefficients are obtained by simulate impedance tube method based on
FEM. Then the physical parameters have been applied to the homogeneous viscoelastic material
to simulate anechoic coatings. We calculate the TS of model A and model B, and conclude that
the equivalent parameter method is valid and efficient.
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