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ABSTRACT:
Material effective properties of composite media or their acoustic performance are often required to be

experimentally determined or verified. For underwater applications, systems can be characterized in an open water

tank in which a conventional measurement configuration consists of the panel, an acoustic source, and two

hydrophones, one on either side of the panel. However, panel measurements may be greatly complicated by waves

diffracted by the panel edges. The three-point method is a technique that decomposes total pressure into contribu-

tions of the incident, reflected, transmitted, and edge-diffracted pressures. These contributions are determined using

measurements at three positions. Reflection and transmission coefficients can then be obtained by removing the con-

tribution of the edge-diffracted waves. The three-point method is applied to an aluminum reference panel for which

the experimental scattering coefficients are in very good agreement with those of an infinite panel. The validity limits

of the method are also studied. Finally, a pressure mapping shows that the three-point method leads to an accurate

determination of the reflection and transmission coefficients for different positions despite strong variations of the

edge-diffracted pressure. VC 2020 Acoustical Society of America. https://doi.org/10.1121/10.0000727

(Received 7 November 2019; revised 30 December 2019; accepted 28 January 2020; published online 14 February 2020)

[Editor: Stephen Paul Robinson] Pages: 1104–1112

I. INTRODUCTION

Composite materials are commonly used for a range of

underwater applications such as acoustic windows, acoustic

barriers, or acoustic coatings applied to the outer surface of

submerged vessels. They generally consist of elastomeric

materials based on natural rubber or polyurethane and may

include micro-inclusions or micro-voids to modulate the

effective speed of sound in the medium. They may also con-

tain larger inclusions designed to resonate at specific fre-

quencies, based on the concept of metamaterials.1 Acoustic

performance of such coatings can be predicted using analyti-

cal models2 or finite element simulations.3,4 However, these

approaches require an accurate knowledge of the acoustic

properties of the elastomeric matrix and/or the composite

coating, which can be obtained experimentally. In any case,

a panel must be characterized to verify its performance,

commonly expressed in terms of reflection and transmission

coefficients from which other coefficients may be derived.5

Experimental characterization of a panel requires the

insonification of the sample by a known acoustic field. The

reflection loss of a sample is obtained from the acoustic field

reflected by the sample, while the transmission loss is calcu-

lated with the acoustic field passing through the sample.6

The reflection and transmission coefficients can be mea-

sured in an impedance tube, a pressurized water tank, or an

open water tank.7 This paper focuses on normal incidence

characterization techniques for panels in open water tanks.

One of the main difficulties of experimental measurements

is the reproduction of the set of assumptions used for the theoret-

ical or numerical calculations, which are difficult to implement

in practice. For example, theoretical models or finite element

calculations on periodic systems often consider infinite lateral

dimensions, which is obviously impossible to achieve, and mak-

ing an infinite panel assumption becomes problematic for low-

frequency measurements. One of the main parasitic effects

resulting from the finite lateral dimensions of the panel is the dif-

fraction of acoustic waves by its edges. There are techniques8

and models9,10 to obtain direct evidence of the edge-diffraction

phenomenon. It has even been shown that the importance of the

edge diffraction perturbations is largely influenced by the mate-

rial properties of the sample.11 Edge diffraction is particularly

complicating measurements for panels made of acoustically soft

materials, since the amplitude of the transmitted waves can be

very small compared to that of the diffracted waves. Moreover,

if the speed of sound in the sample is rather low, the diffracted

waves can overlap the reflected and transmitted signals,

which makes the differentiation difficult.12,13 Edge diffrac-

tion also highly contaminates measurements on acoustically

hard panels for which the diffracted pattern shows strong var-

iations in space within measurement planes.9

Several methods have been developed to estimate the

amplitude of diffracted waves. One of them requires an air

box to be placed in front of the panel for which the transmis-

sion loss is more than 60 dB. Thus, the signal received on the

transmitted side is assumed to result from the sole contribu-

tion of the edge-diffracted waves.14 An alternative technique

has recently been presented which involves surrounding the
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panel in a reflective baffle so that its edges are less excited,

thus reducing the contamination.15 Another experimental

mean for reducing the corruptive effects of edge diffraction is

the use of a parametric array as the insonification is maxi-

mized at the center of the panel and reduced at the edges.16

The directivity of a parametric array for low-frequency waves

is obtained by the interaction of high-frequency waves, which

implies a nonlinear mixing of the sound.17 Nevertheless, it

must be ensured that nonlinear effects do not complicate or

invalidate the measurement process,18 so a low-pass acoustic

filter is required in the measurement zone to attenuate the

higher frequency primary waves. A surface receiver may also

be used to reduce the scattered field perturbations on the

transmission coefficient measurements. This approach helps

reduce the effects of the edge-diffracted pressure, assuming

that the optimal size and position of the receiver have been

found.10 Perturbations caused by edge-diffracted waves can

also be minimized during the post-processing by considering

the transient-state reflected and transmitted signals, which are

less contaminated. The transient-state signals are then extrap-

olated to obtain the steady-states used to derive the scattering

coefficients. This process, known as the ONION method, has

given good results for thick multilayered panels made of

materials whose properties are known.13,19,20 Therefore, there

are techniques that have been implemented to reduce the

edge diffraction effects, but they all have their own limita-

tions as they often require the manufacture or the use of

some specific equipment, or they may impose constraints on

the panel design (thickness, material, etc.). Moreover, even

with these techniques, a good compromise must still be found

for the position of the hydrophones with respect to the panel.

They must be positioned close enough to reduce the detection

of diffracted waves and far enough to avoid the overlap of

the incident and reflected signals.

In this paper, a method is presented for acoustic panel

measurements in open water tanks. This method is based on

a conventional measurement configuration consisting of the

panel, an acoustic source, and two hydrophones, one on

either side of the panel. In the experimental setup, only three

different positions for the hydrophones are considered. This

method, called the three-point method, provides an estima-

tion of the amplitude of the edge-diffracted waves as well as

the amplitudes of the transmitted, reflected, and incident

waves. This paper presents this method and aims to assess its

robustness, advantages, and limitations. For this purpose, sev-

eral experiments are conducted in a water tank on an alumi-

num reference panel. The method is first validated by

comparing the experimental coefficients to theoretical predic-

tions for a panel assumed to be of infinite lateral dimensions.

Then, limitations of the three-point method are presented

through three tests. Finally, a pressure mapping is realized

for the aluminum panel to illustrate its diffraction pattern.

II. THREE-POINT METHOD

Panels are characterized for a quasi-plane incident

wave-front at normal incidence. The phase convention is

eiðxt�kxÞ, where i ¼
ffiffiffiffiffiffiffi
�1
p

, x is the radian frequency, k is the

longitudinal wavenumber, t denotes time, and x defines the

position on the longitudinal axis. One hydrophone is placed

in front of the panel at position A to measure the sum of the

reflected pressure pr and the incident pressure pi. Another

hydrophone is located at position B behind the panel to

obtain the transmitted pressure pt, as shown in Fig. 1.

These pressures are used to calculate the reflection and

transmission coefficients of a panel at positions A and B, as

per Eqs. (1) and (2). A phase shift is then applied to these

equations so that R corresponds to the reflection coefficient

at the front face of the panel and T corresponds to the trans-

mission coefficient between the front and back faces,

RðAÞ ¼ prðAÞ
piðAÞ

; (1)

TðBÞ ¼ ptðBÞ
piðAÞ

: (2)

However, these pressures are contaminated with the

contribution of the edge-diffracted waves. The three-point

method provides a way to extract these specific pressure

contributions. The method is detailed below, using Fig. 2 to

illustrate the experimental setup specific to the method.

On both sides of the panel, total acoustic pressure is

measured at three points. The three-point method then treats

the reflection and transmission sides in slightly different

ways. For the determination of the reflection coefficient, the

three points A1, A2, and A3 are considered. The central posi-

tion A2 is taken as a reference with the distances dA12 ¼ A1A2

and dA23 ¼ A2A3. At each point, the total pressure p can be

expressed as a function of the contributions of the incident

pressure pi and the reflected pressure pr at the central posi-

tion, as well as the diffracted pressure on the reflection side

pdiffR
,

pðA1Þ ¼ piðA2Þe�ikdA12 þ prðA2ÞeikdA12 þ pdiffR
ðA1Þ;

pðA2Þ ¼ piðA2Þ þ prðA2Þ þ pdiffR
ðA2Þ;

pðA3Þ ¼ piðA2ÞeikdA23 þ prðA2Þe�ikdA23 þ pdiffR
ðA3Þ:

8><
>:

(3)

FIG. 1. (Color online) Conventional setup for panel measurements in an

open water tank.
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It is then assumed that the total contribution of the

edge-diffracted pressure is equal in these three positions

when the three points are placed close to each other on the x
axis. To legitimize this hypothesis, the analytical model pre-

sented in the Appendix is used by comparing the edge-

diffracted pressures in different positions. This hypothesis

thus leads to

pdiffR
ðA1Þ ¼ pdiffR

ðA2Þ ¼ pdiffR
ðA3Þ ¼ pdiffR

: (4)

System (3) can be simplified and written into a matrix

form, which gives

pðA1Þ
pðA2Þ
pðA3Þ

0
B@

1
CA ¼

e�ikdA12 eikdA12 1

1 1 1

eikdA23 e�ikdA23 1

2
64

3
75

piðA2Þ
prðA2Þ
pdiffR

0
B@

1
CA: (5)

By inverting Eq. (5), the pressures piðA2Þ; prðA2Þ, and

pdiffR
are obtained,

piðA2Þ
prðA2Þ
pdiffR

0
B@

1
CA ¼

e�ikdA12 eikdA12 1

1 1 1

eikdA23 e�ikdA23 1

2
64

3
75
�1

pðA1Þ
pðA2Þ
pðA3Þ

0
B@

1
CA:

(6)

Once the total pressures at points A1, A2, and A3 are

measured, the contribution of the incident, reflected, and

edge-diffracted pressures can be deduced using the previous

system. Reflection coefficient at point A2 is then obtained

using Eq. (1).

On the transmission side, the same approach is adopted,

considering the three points B1, B2, and B3 and the distances

dB12 ¼ B1B2 and dB23 ¼ B2B3, where position B2 is taken as

the reference. In this case, the pressure field is decomposed

into contributions of the transmitted pressure pt, the dif-

fracted pressure pdiffT
, as well as the pressure p1, known as

infinite pressure. The latter describes a wave coming from

infinity in the direction of decreasing x. On the reflection side,

this pressure would correspond to the contribution of reflected

waves, but on the transmission side, only waves reflected on

the water tank wall could be travelling in this direction.

Nevertheless, such waves are not recorded within the acquisi-

tion time window considered for the measurements. Thus, the

infinite pressure is theoretically supposed to be zero. The case

of p1 being significantly non-null would then be attributed to

other distortions between the model and experimental setup.

On the transmission side, the same hypothesis on the edge-

diffracted pressure is used, so pdiffT
is also assumed to be equal

for each of the three points. The total pressures at points B1,

B2, and B3 are therefore expressed by

pðB1Þ ¼ ptðB2ÞeikdB12 þ p1ðB2Þe�ikdB12 þ pdiffT
;

pðB2Þ ¼ ptðB2Þ þ p1ðB2Þ þ pdiffT
;

pðB3Þ ¼ ptðB2Þe�ikdB23 þ p1ðB2ÞeikdB23 þ pdiffT
:

8><
>: (7)

The contributions of the transmitted, infinite, and dif-

fracted pressure are then be calculated with

ptðB2Þ
p1ðB2Þ

pdiffT

0
B@

1
CA ¼

eikdB12 e�ikdB12 1

1 1 1

e�ikdB23 eikdB23 1

2
64

3
75
�1

pðB1Þ
pðB2Þ
pðB3Þ

0
B@

1
CA:

(8)

With the measurements of the total pressure at points

B1, B2, and B3, the contributions of the transmitted, infinite,

and edge-diffracted pressures can be deduced using the pre-

vious system. The transmission coefficient between A2 and

B2 is then obtained using Eq. (2).

III. APPLICATION

A. Experimental setup

Measurements are conducted in a large open water

tank, shown in Fig. 3, which is 8 m long, 6 m wide, and 7 m

deep. This facility is located in the academic laboratory

ISEN in Lille, France. The experimental setup consists of

two hydrophones placed on either side of the panel. The

position of the receivers on the x axis and y axis can be eas-

ily modified using Rexroth motors (Bosch Rexroth, Lohr am

Main, Germany), which are able to move the hydrophones

with an accuracy to the order of one-tenth of a millimeter.

The experimental bench is fully controlled via a LabView

interface (National Instruments, Austin, Texas), which has

been coded in such a way that the user simply needs to indi-

cate the frequency range as well as the different positions of

the hydrophones along the x axis. It is also possible to auto-

matically change the hydrophone positions for each fre-

quency, so as to define the distance between two positions in

terms of wavelength k instead of absolute distance.

In the water tank, the hydrophones and the projector are

completely immersed to a depth of 2:73 m, corresponding to

the position of the panel’s center. The spherical projector is

FIG. 2. (Color online) Experimental setup specific to the application of the

three-point method. Points A1, A2, and A3 correspond to the three positions

taken by the hydrophone on the reflection side, while points B1, B2, and B3

are the positions of the hydrophone on the transmission side. Pressure con-

tributions and geometric parameters are also presented.
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placed 2.87 m away from the panel so that the assumption

of incident plane waves is made. The water temperature

of 15.5 �C remains stable for all measurements. Under

such conditions, the speed of sound in water is estimated at

1489 m s�1.

The emitted signal is a burst defined by the frequency of

study and a duration time of 2:2 ms. The signal received in

water is the signal resulting from the contribution of the inci-

dent, reflected, and edge-diffracted waves in front of the panel

and from the contribution of the transmitted and edge-

diffracted waves behind the panel. Useful information can be

retrieved from the signals when they reach a steady-state. An

acquisition window is thus defined to record these steady-state

signals, also preventing signal contamination by the waves

reflected on the tank’s walls. A preprocessing step is then per-

formed to check the quality of the recorded signals. It detects

pairs of positions X and frequencies f for which destructive

interference of all the waves, including edge-diffracted waves,

makes it impossible to record a steady-state signal, necessary

to accurately calculate the scattering coefficients. Such pairs

(X,f) resulting in poor quality signals are detected using the

frequencies extracted from signals recorded in the acquisition

window. When a retrieved frequency is significantly different

from the measurement frequency of interest, the pair (X,f) is

not taken into account in the post-processing step.

B. Validation

The three-point-method is applied on a reference panel

made of 5083 aluminum alloy, dimensions 1 m� 1 m, and

thickness 4 cm. Hydrophone positions are always kept sym-

metrical about the panel, so the notation X is used indepen-

dently of the side for the position X¼A or X¼B. Positions

for the hydrophones are given in Table I. A distance of k=15

is considered between the hydrophone positions, thus, chang-

ing for each frequency within the frequency range 3–13 kHz.

With this distance of k=15 between the hydrophone positions,

the edge-diffracted pressure differs by less than 0.6% from

one position to another, according to the analytical model in

the Appendix. The configuration defined in Table I therefore

complies with the hypothesis that the edge-diffracted pressure

is equal in the three measurement positions, as per Eq. (4).

Moreover, with this distance, the total pressures at the three

positions are sufficiently different [cf. test 3 in Sec. III C

(Validity limits)].

The total pressures recorded at the three positions on

each side of the panel are plotted in Fig. 4. As previously

mentioned, the total pressure on the reflection side may

reach local minima, resulting from destructive interference.

Pairs of positions/frequencies (X,f) that have been removed

using the preprocessing step are highlighted with circles. On

the reflection side, the total pressures are used to derive the

incident pressure pi, the reflected pressure pr, and the dif-

fracted pressure on the reflection side pdiffR
. On the transmis-

sion side, the three-point method leads to the transmitted

pressure pt as well as the diffracted pressure pdiffT
. Pressure

p1 coming from infinity and travelling toward the negative

x is also obtained for the transmission side. As the infinite

pressure is supposed to be zero, the validity of the three-

point method can be checked. All these calculated pressures

are shown in Fig. 5.

FIG. 3. (Color online) Open Water Tank Facility of ISEN, Lille, France. Jaochin Dassonville.

TABLE I. Geometric parameters for validation of the three-point method.

dX2
(cm) dX1;2

(k) dX2;3
(k) h (�)

8 k=15 k=15 9.1

FIG. 4. (Color online) Pressure amplitudes measured at the three positions

A1, A2, and A3 for the reflection side and at the three positions B1, B2, and

B3 for the transmission side. The circles represent pairs (X,f) of destructive

interference.
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The incident pressure is compared to that obtained by

measurements without panel, referred to as pWP
i . It can be

seen that both are consistent over the whole frequency range,

validating the estimation of the incident pressure provided by

the three-point method. In addition, the infinite pressure p1
seems to be almost zero over the entire frequency range,

which is expected when the three-point method is valid and

correctly implemented. It can also be noted that the diffracted

pressure, on both sides, oscillates approximately between 2%

and 70% of the total pressure, showing that the edge-

diffraction effects cannot be neglected.

Finally, reflection and transmission coefficients are

obtained analytically for a medium of infinite lateral dimen-

sions.21 The material properties for aluminum are 2700 kg m�3

for the mass density and 6183 m s�1 for the longitudinal speed

of sound. Since the three-point method eliminates edge-

diffraction contributions, the experimental coefficients can be

directly compared to those of an infinite panel, as in Fig. 6.

Experimental coefficients have also been fitted to a quadratic

curve. This interpolation weakens the few slight discrepancies,

which are mainly explained by the structural resonant modes of

the finite panel, such as the plate bending modes.10 Therefore,

the three-point method leads to reflection and transmission

coefficients that fit well with the ones calculated analytically for

an infinite panel. Data recorded at the central position X2 are

also used to calculate the scattering coefficients as per the direct

conventional method, using a single point. There is a closer

agreement between the three-point analysis result and theoreti-

cal (infinite plate) calculation, than between the conventional

single point analysis result and theoretical calculation, which

highlights the benefit of using the three-point method instead

of direct measurements to remove the contribution of the edge-

diffraction, since its effects are also strongly dependent on the

hydrophone position, as shown later in Sec. IV.

C. Validity limits

It has been shown with the previous example that when the

hypothesis on the diffracted pressure is satisfied, the three-point

method leads to reflection and transmission coefficients that fit

well with those of an infinite panel. The current section studies

the limits of validity of the method based on three tests defined

in Table II. Measurements for these tests have been conducted

between 1 and 15 kHz. The first test considers three points close

to each other (separated by 1 cm so that the hypothesis on the

diffracted pressure being equal in the three points is assumed to

be satisfied) but far away from the panel, where the central posi-

tion forms an angle h ¼ 25:6� with the panel face. In the sec-

ond test, a significantly greater distance between hydrophone

positions is considered, with dX1;2
¼ dX2;3

¼ 10 cm, thus chal-

lenging the hypothesis on the edge-diffracted pressure equal in

the three points. Finally, test 3 considers three positions so that

the angle h is now equal to 5.7�, where hydrophone positions

are separated from each other by only 0:5 cm. Test 3 then satis-

fies the hypothesis on the edge-diffracted waves.

FIG. 5. (Color online) (a) Incident pressure pi, reflected pressure pr, and dif-

fracted pressure pdiffR
at the central position A2 on the reflection side. The

incident pressure measured without panel (pWP
i ) is also plotted. (b)

Transmitted pressure pt, infinite pressure p1, and diffracted pressure pdiffT

at the central position B2 on the transmission side.

FIG. 6. (Color online) Modulus of (a) the reflection coefficient and (b) the

transmission coefficient obtained analytically for a panel of infinite lateral

dimensions and measured with the direct and the three-point method.

Positions for the three-point method are defined in Table I, and the central

position X2 is used for the direct single point method. Results from the

three-point method are fitted to a quadratic curve.

TABLE II. Configuration parameters tested to assess limitations of the

three-point method.

dX2
(cm) dX1;2

(cm) dX2;3
(cm) h (�)

Test 1 24 1 1 25.6

Test 2 15 10 10 16.7

Test 3 5 0.5 0.5 5.7
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For these three tests, the reflection and transmission

coefficients given by the three-point method are plotted in

Fig. 7. It is first observed that these experimental scattering

coefficients are very different from those of an infinite panel

obtained theoretically (lines without markers). Moreover, all

of them reach values higher than one, which makes no sense

physically for a passive panel. Results for each test are fur-

ther analyzed.

In test 1, the relative difference between the edge-

diffracted pressures in each point remains less than 1%

according to the model in the Appendix. Even though the

hypothesis on the edge-diffracted pressure can be considered

as valid here, the experimental coefficients are very different

from the theoretical ones because when the hydrophones are

this far away from the panel, the total pressure cannot be

decomposed into three distinct contributions as per Fig. 2. It

is indeed difficult to distinguish the reflected/transmitted

waves from the edge-diffracted waves since they tend to

arrive at the same time and incidence angle on the hydro-

phones. The angle h should therefore remain less than 15�.
Test 2 considers a greater distance between hydrophone

positions. This configuration gives acceptable results at very

low frequencies, but leads to poor results at higher frequen-

cies as the distances dX become too important in terms of

wavelength. The relative difference between the edge-

diffracted pressures is indeed oscillating between 5% and

10%, according to the analytical model in the Appendix.

Poor quality results are hence obtained when the hydro-

phone setup does not comply with the hypothesis on the

hydrophone positions being close enough to each other so

that the diffracted pressure is assumed identical for the three

positions. Ideally, the distance between hydrophone posi-

tions should be lower than k=5.

Finally, for test 3, the distance dX ¼ 0:5 cm between

hydrophone positions is equivalent to k=300 at 1 kHz and

k=20 at 15 kHz. For this configuration, the hypothesis is

satisfied and the relative difference is less than 0.1%,

according to the analytical model. Moreover, these three

points are very close to the panel. However, the points are

so close to each other that the total pressures measured are

almost identical at the three points, which leads to numerical

errors. Therefore, a compromise must be found to define

three positions sufficiently close to each other and close to

the panel while being sufficiently spaced in terms of wave-

length. It is thus preferable to maintain a minimum distance

of k=20 between two hydrophone positions.

The aforementioned criteria apply for the current alumi-

num panel, which is traditionally a difficult test case, and

therefore will also generally apply to all panels of input

impedance higher than the impedance of water.

Nevertheless, it is worth noting that the behavior may be dif-

ferent, in terms of the edge-diffracted signal, for a panel

having an input impedance lower than the impedance of

water.9 For such a case, one has to make sure that measure-

ments are made within an area where diffracted signals do

exist so that it is accurately extracted from the total signal

with the three-point method.

IV. PRESSURE MAPPING

Acoustically hard panels are known for having a pro-

nounced diffracted pattern. In order to evaluate and visual-

ize the variations of the edge-diffracted pressure in a plane

parallel to the panel, a pressure mapping is proposed. Both

the analytical model in the Appendix and the three-point

method are applied for a pressure mapping along the y axis.

Hydrophone positions along the x axis defined in Table I

are considered hereafter. Along the y axis, 31 positions are

considered, from y ¼ �15 cm to y ¼ 15 cm, with y ¼ 0 cm

corresponding to the panel’s center. The distance between each

y-position is then 1 cm. For frequencies 3:5 kHz; 5:5 kHz, and

7:5 kHz, the calculated pressures on each side of the panel

have been plotted in Fig. 8. For frequencies 14 kHz; 14:5 kHz,

and 15 kHz, the pressure mapping is given in Fig. 9. Finally,

variations of the edge-diffracted pressure according to the

model in the Appendix are visible in Fig. 10. It should be noted

that Fig. 10 does not provide the amplitude of the edge-

diffracted pressure but only its variations.

On these pressure maps, the infinite pressure p1 is

almost zero everywhere, which shows that the three-point

method is valid and correctly implemented. Reflected, trans-

mitted, and incident pressures are almost identical along the y
axis, which reinforces the assumption of a plane wave condi-

tion. Nevertheless, on both sides of the panel, the diffracted

pressure strongly varies along the y axis. This last observation

is consistent with the results given by the analytical model in

Fig. 10. The pattern of the diffracted pressure field then

depends on frequency since for low frequencies the edge-

diffracted pressure slowly varies along the y axis, but as fre-

quency increases, variations become steeper and closer. In

addition, the center of the panel (y¼ 0) is always a maximum

for the edge-diffracted pressure. Therefore, this pressure

mapping highlights the strong variations of the diffracted

FIG. 7. (Color online) Amplitude of (a) the reflection coefficient and (b) the

transmission coefficient obtained with the three-point method for the tests

1–3 defined in Table II. Reflection and transmission coefficients obtained

theoretically for a panel of infinite lateral dimensions are also presented

(same as in Fig. 6).
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pressure along the y axis and shows that a mean of either

reducing the edge-diffraction or calculating and removing its

contribution, as the three-point method does, is crucial for

accurate measurements.

V. CONCLUSION

Using measurements at three different positions, the

three-point method yields estimations of the incident,

reflected, and transmitted pressures, from which the reflection

and transmission coefficients can be derived. The method also

provides an estimation of the total contribution of the edge-

diffracted waves. The method has been applied to a homoge-

neous panel made of aluminum, for which the experimental

reflection and transmission were in good agreement with the

theoretical calculation. The validity limits of the method have

then been studied. It has been shown that it is very important

to choose the right positions for the hydrophones so that the

assumption on the identical edge-diffracted pressure at the

three points is satisfied. In Sec. IV, a mapping of the different

FIG. 8. Pressure mapping along the y axis for 3:5 kHz; 5:5 kHz, and 7:5 kHz. Experimental coefficients are also given and compared to the theoretical coeffi-

cients for a panel of infinite lateral dimensions.

FIG. 9. Pressure mapping along the y axis for 14 kHz; 14:5 kHz, and 15 kHz. Experimental coefficients are also given and compared to the theoretical coeffi-

cients for a panel of infinite lateral dimensions.
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pressures along the y axis was presented, where the strong var-

iations of the edge-diffracted pressure are clearly visible.

The three-point method has the great advantage of being

easy to implement, and it does not require any additional

device other than the conventional experimental bench for

open water tank measurements. In addition, it can be applied

to acoustically hard panels, as was the case here, but also on

panels made of softer materials. It can be noted that it is also

possible to map the pressure fields in (y,z) planes. Such map-

pings will be presented in future work for the case of a com-

posite material containing resonant inclusions to test the

method in the presence of complex near fields.
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APPENDIX: EDGE-DIFFRACTED PRESSURE
CONTRIBUTION

A simple analytical model is presented here to express

the diffracted pressure at one point. A square flat panel of 2a
side is considered and represented in Fig. 11, where the

point of coordinates (0,0,0) corresponds to the center of the

panel “0.”

It is considered that each edge portion of the square

behaves as a punctual source for edge-diffracted waves.

It is assumed that each of these portions produces the

same response to a plane wave excitation, so that the ele-

mentary pressure of edge-diffracted waves, called Pediff
, is

identical along edges of the square. With these simplify-

ing considerations, the total contribution of the edge-

diffracted pressure at the point 0, referred to as Pdiffð0Þ,
can be expressed using the elementary edge-diffracted

pressure Pediff
and a source term that is summed on the

square edges

Pdiffð0Þ ¼ Pediff

ð
C

e�ikr

r
dl; (A1)

where r is the distance between the point 0, where Pdiff is to be

expressed, and a point on the edge. The distance r is expressed

as r ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 þ y2

p
for horizontal edges or r ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 þ z2
p

for

vertical edges. As the panel is square, Eq. (A1) is simplified

into

Pdiffð0Þ ¼ 4Pediff

ða

�a

e�ik
ffiffiffiffiffiffiffiffiffi
a2þl2
p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 þ l2
p dl: (A2)

The edge-diffracted pressure PdiffðMÞ in a point M out

of the panel face of coordinates (xM,yM,zM) can then be

expressed using the same approach with length projections

of the distance r in the three-dimensional (3 D) space.
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