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ABSTRACT

This paper presents a basic experimental study on the evaluation method for determining the
equivalent acoustic impedance of an arbitrary material flat plate. The study applies an inversion
method based on the complex sound speed of the acoustic material, utilizing reflectivity measurement
results. To achieve this, an equation for calculating reflectivity which incorporates the equivalent
acoustic impedance of the flat plate and the acoustic impedance of the contacting media, was
adopted. A procedure for inverting the equivalent acoustic impedance of the plate was developed by
numerically solving this equation, incorporating the reflectivity measurement results. Additionally, the
validity of the method was assessed through a series of reflectivity measurements conducted for an
acrylic flat plate in a simple water tank, using an omni-directional acoustic source. The equivalent
acoustic impedance inversion was then performed based on the measurement data. The results
demonstrate that the inversion method for determining the equivalent acoustic impedance of an
arbitrary material flat plate, using reflectivity measurements, can be effectively applied to evaluate the

equivalent acoustic impedance of acoustic materials attached to submarine hulls.
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Fig.4 Acoustic sensors and plate arrangement in the
simple water tank
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Table 1 Measurement cases on equivalent acoustic
impedance inversion of acrylic square plate

Case Frequency Wavelength
number [kHz] in water [m]
1 45 0.033
2 50 0.030
3 55 0.027
4 60 0.025
5 65 0.023
6 70 0.021
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Fig.8 FFT results for incident and reflected waves:
Case 2, 50 kHz

Table 2 Complex acoustic pressures of incident and
reflected waves for six measurement cases

Frequency [kHz] Incident [Pa] Reflected [Pa]
45 0.4919 - 46.5874 j -0.2319 - 5.5525
50 0.1086 - 52.5746 j 0.6932 - 5.6097 j
55 0.9595 - 48.0488 j -1.0081 - 5.0443 j
60 -1.1842 - 48.4697 0.7327 - 4.1291
65 -0.2191 -50.8089j | -1.2781-5.2896]
70 3.2767 - 60.4488 j 0.4259 - 8.0831j

Trans. Korean Soc. Noise Vib. Eng., 34(6) : 700~708, 2024 | 705



Joo-Yeob Lee et al.;

A Simple Tank Test for Inversion of Equivalent Acoustic Impedance of an Underwater Flat Plate

Table 49 YEFNS L

u}—g}: B ool A

1 ?éf%}‘iiﬁ‘r.
ojwl, A (1)l that ==]sh4 el

= 1000 kg/m’*= Hﬂ;}sﬁz, 34 2715 2] (10)
ogHE AAF olxy w53 AR
2100 m/s& -0 ’o‘}‘iiﬁk
_ | E (1—v)
Re(cﬁ\/%my)(l_m (10)

Table 3 Complex reflectivity of the acrylic flat plate

Frequency [kHz] Reflectivity, R(m)
45 0.4765 - 0.0249 j
50 0.4269 +0.0519 j
55 0.4181-0.0923j
60 0.3391 +0.0688 j
65 0.4169 - 0.0988 j
70 0.5348 - 0.0008 j

Table 4 Inversion results on complex compressional wave
speeds in the acrylic flat plate

Frequency [kHz] | Speed of sound [m/s] | Difference* [%]
45 201593 +153.43j -4.4
50 1938.01 + 87.04 j -8.1
55 2150.13 -277.01 1.9
60 2070.00 - 186.65 j -1.9
65 2247.73 - 490.37 ] 6.5
70 2524.51-200.94 j 19.7
Average 2157.72 23
* Difference(%)= —Measu]f:z(.i(l(gq (10) %100
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Table 5 Evaluation results on the equivalent acoustic
impedance of acrylic flat plate

Frequency [kHz]| Z [rayl] 10log;, Z, [dB re | rayl]
45 2378797 63.8
50 2 286 852 63.6
55 2537153 64.0
60 2 442 600 63.9
65 2652321 64.2
70 2978922 64.7
Average 2546 110 64.1
o 066
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e ¥§
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=62 :
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Fig. 9 Equivalent acoustic impedance of acrylic plate
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