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ABSTRACT

In this paper, an integrated analysis model for evaluating the underwater acoustic performance of the multi-
layered acoustic coatings containing visco-elastic composite layers with hollow glass microspheres is described. The
model uses the effective medium theory considering the acoustic scattering and resonance effects of the inclusions.
Also, the model incorporates the compressive deformation mechanism associated with hydrostatic pressure. The
technique developed in this work was used as the acoustic layer design and performance analysis tools for the

practical hull coatings and acoustic baffles in Korean next generation submarines.
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Fig. 6. Idealized elastic-perfectly plastic stress-strain
curve
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Multi-layered Acoustic System of H plus Layers
2 Inhomogeneous Layer
Homogeneous Layer Model ? (Viscoelastic Composite
Isotropic Layer with spherical Inclusions)

1) Foam Layer :
- Substrate : Bulk Modulus, Density,
Dynamic Shear Modulus,

1) Elastic Layer :
Young's modulus, Density,
Poisson'’s ratio, Thickness, Loss
factor

Dynamic Loss Tangent of Shear
- Void : Bulk Modulus, Density, Shear Modulus,

Average Radius, Volume Concentration

2) Acoustic Fluid Layer :
Density, Speed of Sound,
Thickness, Loss factor

2) Microphere Layer :
- Substrate : Bulk Modulus, Density,
Dynamic Shear Modulus,
Dynamic Loss Tangent of Shear
l - Microphsere : Bulk Modulus of Shell, Density of Shell,
Shear Modulus of Shell, Yield Strength of Shell,
Bulk Modulus of Air, density of Air,
General 3-D Elasticity Average Outer Radius,
Not Deformed under Hy, i c
Pressures

3) Viscous Fluid Layer :
Density, Speed of Sound,
Thickness, Loss factor

Average Shell Fraction,

Volume Concentration of Microphsere,

ion under
N . Size Distribution Model :
Hydrostatic Pressures : Rayleigh Distribution Function

Modified Hollow Sphere Model

- assumed to be Incompressible relative
to "Viscoelastic” layer

[ Modified geometric parameters for a given Hydrostatic Pressure }

- modified shell fraction, volume concentration and layer thickness,

Effective Medium Theory
Scattering : Single Scattering
Monopole
Resonance Effect

Theory for Multiple Scatterers
Effective Parameters }

(BKT model based on GU
model)

Homogeneous Parameters (
Longitudinal wave speed,
Shear wave speed,
Density)

wave speed,
( Shear wave speed,Density) for Deformed Layers

Dynamic Stiffness Matrix Method

Multi-layered Effective II

Homogeneous System

Acoustic performance Analysis
- Echo Reduction
- Transmission Loss

Fig. 7. Integrated analysis model of multi-layered
acoustic system considering hydrostatic
pressures
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styrene-butadiene rubber at 20 °C)2] & EMAG 2
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Figure 9. Frequency dependences of dynamic shear. bulk and longitudinal moduli, and the relevant loss
functions of rubbery materials. . Shear dynamic properties of a natural rubber filled with carbon black at
0°C. (Data from Payne and Scott [20].) Bulk (...) and longitudinal (---) dynamic properties of a

styrene-butadiene rubber at 20°C. (Data from Wada er al. [21]. The loss factors 75 and 1 have been calculated
from the published values of the relevant loss and dynamic moduli.)

Fig. 8. Complex dynamic modulus of typical
viscoelastic materials!®!
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2 AZTt AuH oz . %
BAASE Aen Hauy, 24 A
& Age Faed 3R FAEeith A
Aol A A sAT 2 Y Aol o
ol AlZHR(direct method)?' P& F2 4= kHzo|
HelA A8 7Heetd, SFIEAL] SHe
W 53] AFoe el dd
AEFHW Y kHz v 9 MHz7MA A
o 4 54 %*d& DMTA-TTA 7]'§& ©]
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2= [7.24,25,35
Aoz muwg S Jryraam

log,, G, = A, + A, log,, f + 4,(log,, f)2 + 4, (log,, f)3 (64)

N, = B, + B, log,, f +B,(log,, )’ + B,(log,, f) (65)
4.2 FX|sHA
2 A7y 5 gy SR uis 4
A AAS S8k E8/FHE AL AT E Y
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a skl

Fig. 99} 109 a3l
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o] ALtARE A4
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£3], Fig. 10014 H%o]
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Table 1. Benchmark numerical model 1

Stiff Soft
Parameters
Polymer Polymer
Bulk modulus of substrate(Pa) 3x10° 3x10°
Density of substrate(kg/m’) 1090 935

A0 6.67569 5.93978

Coefficients of dynamic
shear modulus

(storageGmodulus) A2 9.39%1 0-3 23.613x 102
d

Al | 3.954x10” | 2.6618x10"

A3 | 3.85x107 4.1x10°

BO | 9.792x107 | 5.251x107

Coefficients of dynamic o
shear loss factor Bl 3.9x10
(loss tangent) B2

ue

1.9374x10""

6.89x107 | -6.209x10™

B3 | -9.25x10° | 8.19x10°

Bulk modulus of shell(Pa) 2.1x10° 2.1x10°

Density of shell(kg/m’) 1700 1700
Shear modulus of shell(Pa) 126x10° | 1.26x10°
Loss tangent of shell 0.1 0.1

Bulk modulus of air at 1 atm(Pa) | 1.4x10° 1.4x10°

Density of air at 1 atm(kg/m’) 1.28 1.28
Average shell fraction 2.5x107 2.5x10?
Average outer shell radius(m) 5x10° 5x10°
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g. 10. Simulation and experimental results of
soft polymer(2.5 cm thickness, with 10 %
microspheres)

36 / St A e Y18k s 4] A21E AN1E (2018 2¢Y)



et
au’
oX,
s
o
2
NS
bl
1%
i,
i
ol
4
BN
=
ot
2
o,
5
ofy
oo
o
oX,
olr
>
td
e
=
i3

ok B Aqro] AAE Adb= 400 psiol A ¥ =9) o]
200 psi Bt} F7FEFS=T] ©]%
2 A7 g ARE WS Algetal dA| ool
AT dE At Am Folahr] mirow oA

pav)
rlo
o
k]
4
e
2
>
td
24

- AT g og AR
v WS kA 5 & fragt) &, 9A A
ke ThEU ANHQl gegte] L Fig 129}
FAYeIh Fig 14 FaEd [3olA AAsE %
AuH A FHEZ o]&3 ASZAo|th v &4 2
shoh A% Avks AU $FoIME HolF wel
3 glo, AAAA et 2 Fug 5L wlg
2 wredsa sl

Aeks e 5 BelolA el wA g Ao
FEAEE T2 91 s dE 7 Faxtg
Me IS

AL AA] robA] AL [28, 29]
Rl 3

& #ustd o9F A FESY()S 35 MPaZ AF

Table 2. Benchmark numerical model 2

Layers Composition | Properties| Remark
50 mm thick Viscoelastic
Cover | polyurethane, .
1 o ) composites
Layer | 4 % volume Stiff
concentration | pg for ER
olymer
70 mm thick in 6] | Viscoelastic
Backing | polyurethane, | Table 1 .
2 o composites
Layer | 38 % volume
. for TL
concentration
50 = v T .
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Fig. 12. Analysis results of numerical model 2!
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Fig. 13. Analysis results of numerical model 2 in this
work
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