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Acoustic pressure fields generated by pulsed ultrasonic transducers under different boundary conditions are analyzed. Numerical simulz
of the near-field pressure were evaluated considering rigid and soft baffles as boundary conditions. These field simulations were perfc
using the temporal convolution between the numerical derivative of the impulse response and the longitudinal wave velocity for both ca
Experimental pressure data were obtained by measuring the peak, peak to peak and root mean squared voltages. Simulated and exper
results were compared to investigate the temporal behavior of the acoustic signal as well as their spatial distribution on planes par
to the transducer face. Special attention is given to the Fresnel region where the diffraction effect affects the pressure field measurernr
Experimental readings were done using circular transducers with the same geometric characteristics and with resonant frequencies of 3.5
and 5 MHz.

Keywords:Impulse response method; acoustic pressure distribution; ultrasonic transducer characterization.

En el presente trabajo se analiza la influencia de las condiciones de frontera en la distrileLpresiones asticas debido a la excitari
impulsional de transductores ultéascos. Las simulaciones nuamicas de la distribudin de presiones en el campo cercano han sido desar-
rolladas considerando a los baflégido y suave como condiciones de frontera. Estos campos simulados han sido desarrollado$®en funci
de la convoludn temporal entre la velocidad longitudinal de la cara del transductor y la derivada de la respuesta al impulso para am
condiciones de frontera. Datos experimentales fueron obtenidos adquiriendial&ketrica punto a punto y asbteniendo los voltajes
pico, pico-pico y cuaditico medio. Los resultados experimentales y simulados son comparados para investigar el comportamiento temp
de las sBales a@sticas, aiscomo sus distribuciones espaciales en planos paralelos a la superficie de los transductores. El experiment
enfod en la regbn Fresnel donde el efecto de diframej debido a los bordes de los transductores, afecta a la distnibdeila pregin
adistica. Las lecturas experimentales fueron realizadas considerando transductor@siadsasrculares con las mismas cardstias
geonttricas y frecuencias de resonancia de 3.5 MHz y 5 MHz.

Descriptores: Respuesta al impulso; campo de raddacadistica; caracterizaon de transductores.
PACS: 43.20.Bi; 43.25.Qp; 43.35.Yb

1. Introduction The Fresnel zone, the region immediately in front of the
An important feature of any ultrasonic instrumentation sys4ransducer, is characaterized by the rapid variations of the
tem is the transducer. This typically incorporates a piezosound field due to the adding contribution of the direct waves
electric element, which converts electrical signals into me-and the diffracted edge waves [2]. The direct wave propa-
chanical vibrations in the generation mode, and uses an ingates in the geometrical beam region and the diffracted edge
verse process for detection. Many ultrasonic applications inwave propagates in all directions from the edge of the trans-
volve transient or impulsive excitation of the active piezo-ducer. The resultant field es then a function of the dimensions
electric element. This extensive and varied range includes
material characterization, non-destructive testing, biomedical
imaging, tissue analysis and underwater viewing and position
fixing system.

The ultrasonic field from such transducers is often the —=
feature that determines the performance of a given system.

The study of the spatial and temporal characteristics of R
the acoustical pressure field allows a greater understanding
of the behavior of such devices. It is an important tool to
characterize and design ultrasonic transducers.

The acoustical pressure field analysis can be split into two
regions: the near-field or Fresnel zone and the far-field or
Fraunhoffer zone [1]. These two acoustical regions are illus-
trated in Fig. 1. FIGURE 1. Near-field and Far-field regions of a transducer (T/R).
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of the transducer and the transient motion of the transducer The time dependent velocity potential at an arbitrary ob-

face. servation pointr, in the half space can be determined by
The Fraunhoffer zone is the region in which the radiated

field decreases linearly with distance along a radial line con-

i
necting with the source [3]. p(r,t) = /dtO/U(rmtO)gﬂr —1o|,)dS,  (3)
Several methods have been developed to calculate the 0 s

pressure field and used as guidelings for the desi_gn and Ch%herev(ro, to) is the piston face velocity (2o, yo, z0) is a
acterization of transducer.geometnes [4]. The |mpulse "ehoint on the piston surfacs, andg(|r — ro|, t) is the Green’s
sponse method [5, 6], which gives an exact solution for &ynction of the a simple harmonic motion, dependent on the
transducer when considered as a planar piston, has prOV%undary conditions.

to be a very powerful tool to predict the temporal and spa- |t the velocity is considered uniform over the piston face,
tial acoustic pressure distribution in the regions in front of a5q the Green’s function is the solution of a pulse wave [9]

transducer with specific geometric properties. then the velocity potential can be written as
The impulse response is defined as a function of the ve-
locity potential at an arbitrary spatial point resulting from an p
impulsive velocity motion of a piston. As a result of the trans- o(r,t) = /v(to)dto /9(|r — 1o, t)dS
formation, an expression can be obtained for the impulse re- 0 S
sponse as function of the spatial coordinates and time for any — o(t) * (r, 1) @)

shape of piston radiator and also for different boundary con-

ditions [6-8]. wherew(t) is the mean velocity at the piston face, the op-

The aim of this work is to compare the transient fields ra'eration * represents the tempora' convolution md’ t) is
diated by pulsed ultrasonic transducers to those predicted Ryefined as the impulse response function,

the impulse response theory. The considered boundary con-
ditions are rigi_d, soft baffles and fr.ee-spa.ce. h(r,t) = /g(|r — 10|, )dS. (5)

The experimental and numerical estimates of the peak
voltage, peak-peak voltage and root mean squared voltage are
computed and compared. For that matter, both numerical antihe impulse response depends on the boundary conditions
experimental pressure waveforms for specific points in spacand the transducer geometry.

S

have been calculated. Substituting Eq. (4) in Eqg. (2), the acoustic pressure be-
Experimental readings have been carried out measuringomes
the pressure field at specific points in space, focusing in the b ) Oh(r,t)

near field region of the transducers. Numerical measurements?(T,t) = po, (v(t) * h(r, 1)) = po,v(t) * —2—. (6)
h b duced idering th i tal set d
ave heen protiiced considering the experimenta’ setup an The spatial component due to the diffraction effect can be

boundary conditions. A comparison made between experi- ted f the t I t roduced by the bi
mental and simulated data allowed to characterize the trang<Parated Irom the temporal component produced by the pis-

ducer behavior as rigid or soft baffle or as a combination otton face V|brat|on. using the mpulse response met.hod. This
both boundary conditions. implies that the vibration amplitude at a certain point on the

surface does not depend on time and the amplitude of the
2. Acoustic theory vibration, therefore is not influenced by the shape of the ex-
The time-dependent acoustical pressure in the half-spaastation.
z > 0 (see Fig. 1), originated by the velocity of the piston
vibrating in an isotropic medium, with constant velocity of 2.1. Boundary conditions
propagation €), and assuming that the piston is mounted on ) )
an infinite planar baffle , can be formulated as a classicail this work, we used the common boundary condi-
boundary value problem. tions [10-12]:

By choosing the appropriated boundary conditions to the
wave equation for the velocity potential(r, ¢), the emitted
acoustic radiation is

a) Free-space. When the baffle matches the properties of
the propagation medium, then the acoustic impedance
of the medium is equal to the acoustic impedance of the

1 0%¢(r,t) baffle, and the fields are continuous across the bound-

2 —
Vie(r,t) - 2 o2 0. @ ary interface. The best-suited Green’s function of the
From Eq. (1) the acoustic pressuyie, ¢) can be obtained outgoing fundamental solution is
from ) etlwt=k: (r—ro)) ;
r—ro|,t) = —F——7"—
Bl gr = rol, ) = = W
where w is the angular frequency of the vibrating

wherep is the equilibrium density of the medium. source and is the wave-vector.
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Rigid baffle. If a piston is embedded on an infinite rigid 2.2. Impulse response for a circular transducer:h(r, t)
baffle the only part able to vibrate is the piston face, it

means that the normal velocity must go to zero on theI der t luate th " the i |
boundary. The Green'’s function for this condition is n order lo evaluale the acoustic pressure, the Impulse re-

: sponse for a particular geometry must be determined. The
given by ; . :
impulse response for a circular transducer of radiu$o-
g(r,t) = g(|r —ro|,t) + g(|r —ro — 2z[,t), (8) cated at, = 0 embedded on an infinite rigid baffle, was first
where is the normal distance from the piston face to ©Ptained by Obberhettinger (1961) [7], who noted that the
the observation point. response to an grbltrary excitation gould be obtalneq by con-
) ) volution. Stepanishen (1971) [5] pointed out that the impulse
Soft baffle. The acoustical potential must be zero at thgesponse of any baffled piston could be obtained by calculat-
boundary, then the pressuregt= 0 IS zero 0Ut§'de ing the length of the circular arc on the piston face whose im-
the transducer surface. An appropriate Green's funcp|se radiation would arrive at each instant of time in-phase
tion can be at a given field point. The impulse response when the piston
g(r,t) = g(|r —ro|,t) — g(|r — ro — 22[,1). (9) is immersed on an infinite rigid baffle is stated as follows:

0 t<ty,
c t1 <t <tg,
heo(r,t) =4 cog1 3, + () = 2% —a? b<t<ty (10)
™ 274y ((ct)? — 22)1/2 - =
0 t > ts.

wherer,, is the projection of into the transducer plane. The temporal limits are given in Table |, which depend on the
position ofr,,, as shown in Fig. 2.

The impulse response of a circular transducer for a soft baffle as a boundary condition, at which the normal stress is ze

zo = 0 and outside the transducer, corresponds to the analysis of the diffraction given by the Rayleigh-Sommerfeld [9] surf
integral. Rodiguez and co-workers [12] proposed an impulse response with soft baffle boundary conditions as follows:

0 t<t,

[ Za bt et

t g2 1S 2,

2 2_,2_ 42 t t 2 2 .2 .2
hsb(r t) = Z 1 [ Tzy + (Ct) z a Pz z 1 Tay + (Ct) Z a (11)

‘ ’ — oS —dt ——COoSs dt to <t <t

tm 21y ((ct)2 — 22)1/2 JZ{ 2 ﬂ{ 2 2y ((ct)2 — 22)1/2 Per=

t2 ts 2 r2 4 (ct)? — 22 —a?

—dt+ [ty—=—cos™ [ 2¥ dt t > ts.
Jattt e <2mA@wﬂ—ﬁwﬂ ’

After dimensional analysis of Eq. (11), we can observe a disagreement for the impulse responge when We

introduced this correction and reformulated Eq. (11) as follows:

0 t<ty,
- +jt’ dt thst<t
n 0 t2 1> 2,
2 2,2 2 2 2,2 2
z re, +(ct)* — 2 —a t2 2 t oz rz, 4+ (ct)* —2z* —a
—1 [ =y -1 [ =y
= cos dt oS dt ta<t<t
hap (r, ) tmw < 2ryy ((ct)? — 22)1/2 th{ t2 +t‘£ 27 274y ((ct)? — 22)1/2 2=5tsts (12)

t2 2 ts r2, + (ct)? — 2% —a?
—dt ——cos | 2 dt t>t3.
J ettt ] e <2mAWP—%W2 ’

when the transducer plane coincides with theplane, thenz, = 0, the Green’s function for a rigid baffle becomes
g(r,t) = 2¢g(|r — rol,t) and a soft baffle is zero, then the free-space can be defined as the arithmetic mean between the r
baffle and the soft baffle solutions.
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TABLE |. Temporal limits for numerical evaluation éfr, ¢).

Dray < a 1W)Tey > a
z
t1 = - t1 = t2
(2% + (a —14y)*)"/?
ty =
C
2 2y1/2 L L .

ts = (" + (a+72y)%) FIGURE 2. The projection ofr : a) r,,,, inside and by, outside

¢ of the transducer surface.

3. Simulation of the impulse response

ERSIHOINNG COMPUTER)

To investigate the spatial and temporal pressure distributions s
Yz, 2

due to the excitation of a circular transducer, it is necessary to

study its impulse response considering the transducer geom

etry and specific boundary conditions. To simulate the im-

pulse response of circular transducers, MATLAB programs

were written based on rigid-and-soft baffles boundary con- W
ditions [Eq. (10) and Eq. (12)]. The velocity of the pis-

ton surface used in this process was experimentally acquired

The temporal evaluation of the impulse response was varied —
at certain steps depending on the sampling rate, until the dis- Under
tance of interest was fully covered. The pressure field distri- _—
bution (P.[n]) for a number of points in the half-space, was e Hehons AR
calculated using Eq. 6. Some of the important parameters
which can be derived from a pressure waveform are: a) the
peak acoustic pressuté,), defined as the maximum posi- FIGURE 3. Ultrasonic scanning system with a water tank of size
tive (p,) or maximum of the modulus of the negatige ) 70 x 20 x 15cms.

instantaneous acoustic pressure, b) the peak to peak acous-
tic pressure(p,, ) qlefined by the_: '_“00'“'“5 of th_e difference This system is able to control a motor to move the hy-
betwee_n the maximum and minimum of the |nstantaneouarophone (PZT-Z44-0400) along the- azis, y — azis and
acoustic pressure and c) the root mean s_,quared (?f the mstazr)-_ axis with a 1Qum step. The system is also able to store
;acr;iosl:ii zgﬁjustlc pressutE,.) at a particular point in an the waveforms, calculate the parameters and display a graph-

ical representation of the experimental data .
These parameters can be calculated as follows:

TRANSMITER|
UNDER TEST

DIGITAL
BBEEAMELIEIER OSCILLOSCOPE

In a typical experiment, the transducer and the hy-
Py=py or Py=Ip_[, Pp=I|pt —p-| drophone are immersed in a water tank, then an ultra-
sonic transducer is excited producing a pulse, the computer-
controlled motor moves the hydrophone point by point, and
a oscilloscope records the corresponding signal from each
_ point and stored. The transmission and triggering of the ul-
P, and P, are parameters related to the acoustic pressurgasonic pulse of the transducer under test were controlled via
intensity, and a very important tool for ultrasonic imaging, 5 pulse-eco card MATEC SR9000.
while the P,.,,,, measurements correspond to the power of the

pressure field at a specific point and a useful measurement }o The experimental scanning area is dghmngd to the near
determine the ultrasonic dosimetry. leld of the tested transducers by the- axis, which corre-

sponds to the beam axis of the transducer, anditheaxis
is an arbitrary axis normal to it.

4. Materials and methods The characteristics of the two ultrasonic transducers un-

The experimental work was carried out with a Hydrophoneder test, commonly used in a non-destructive testing opera-
scanning system (Specialty Engineering Associates SEAJion immersed in water, are given in Table I1.

two Personal computers, and a digital oscilloscope (TDS-340 The sampling rate used in these experiments is 100 MHz
Tektronix). A schematic of the experimental set up is showrand the velocity of propagation in water is approximately to
in Fig. 3. ¢ = 1500 m/s.
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tive aperture at certain normal distances from the transducer
plane, within the Fresnel limitz) [1] given by

TABLE Il. Transducer Characteristics: resonant frequef@and
radiusa

2
ze%ZGQi, (14)
C
Panametrics MHz mm Type .
JIMHz] afmm] P where) is the wavelength.
1 3.5 4.76 v3g3-suU The Fresnel limit [Eq. (14)], for the transducer operating
2 5.0 4.76 V326S

at 3.5 MHz is 52.9 mm and for the 5 MHz resonant frequency
is 75.60 mm. The chosen normal distances within the Fres-
nel zone, to compare numerical and experimental data were
1 mm, 7 mm and 45 mm for the first transducer and 1.5 mm,

The acoustic pressure distribution defined by Eq. (6) depend®? mm and 41mm for the other. Theposition varied from
on the velocity at the face of the transducer and the deriva=2-5 mm to 5.5 mm covering the transducer effective area.
tive of the impulse response for a specific boundary condi- )

tion. The velocity of the transducer face is calculated as arp-1-  Circular transducer at 3.5 MHz of resonant fre-
average of signals acquired at a plane parallel to the vibrating ~ 4U€NcY

surface, at a normal dlsta_n ce on.S mm fro_m It The_vel(_)c'tyTheoreticaI pressure waveforms were calculated and then
of each transducer, used in the simulation, is shown in Fig. 4

P, P,, and P,,,,, were computed. Numerical data and ex-

The computed and experimental pressure distributions . : : ;
X . _ erimental readings are shown from Fig. 5 to Fig. 7, respec-
were obtained by scanning the— axis, covering the effec- E g ¢ ¢ P

5. Results and discussion

015} a) 5.1.1. Peak acoustic pressure
ol In the first column of Fig. 5 (Figs. 5a, 5b and 5c), shows
that the experimental readings have no uniform profile as
sketched by the soft baffle situation (Fig. 5b) or two main
o5 lobes at the outermost points of the effective area of the trans-
ducer, as shown in Fig. 5a. However an overall amplitude of
- W/\/JMW‘” e the experimental data is within 0.15, which is closer to the
soft baffle pressure distribution calculations.
st
z=1 mm 7= 7 mm 7z=45 mm
2 N 018 0%
I 015
G 02
D 15‘ 1 1 1 1 1 1 1 1 1
0 05 1 1§ 2 25 3 35 4 45 1™ a d g
HLE <1a® D
b) B.| 43 0x[mm]4.8 -4.8 Oxmm4.8 -43 0 x[mm]4.8
015 0t oTs 0k
S
a1l 0O o " 02
oozl FI~ b e h
T
uwwwj Wﬁw«--wﬂﬂmmwwm
B.
-4.8 0x[mm]4.8 -4.8 0xmm]4.8 -438 0x[mm]4.8
g £ 0B 0T 0%
wal E)( 015 "
115 v ¢ f i
. D
A h . I} A A L A A
o5 1 1& 2 3% 5 3L a4 ag T
s 1ot Al 438 Oxmm4.8 -4.8 Oxmm[4.8| -4.8 0 xmm4.8

FIGURE 4. Face Velocity: a) 3.5 MHz and b) 5 MHz, transducer FIGURE 5. Theoretical and experimental results Bf parameter

frequencies.

for 3.5MHz transducer.
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z=1 mm z=7 mm z=45 mm
R 032 03 05
. 029 0%
G a d 5 d
1
D
B.| 13 OXmmAg -48 OXmmE.8 48 O xmm8
024 03] 046
g 0.2
O 0.6
r % b e h
T
B.
-4.8 0xmm}4.8 -4.8 0x[mm]4.8/ -4.8 0 x{mmJ4.8
E |03 0 0%
029
;( 0.6
" 102 c f [
D
A
T
A -4.8 0x[mm]4.8| -4.8 0 x[mm]4.8| -4.8 0 xmm]4.8

FIGURE 6. Theoretical values and experimental readingspf

parameter of a 3.5MHz transducer.

z=1 mm z="7 mm z=45 mm
R 0% ole] 0051
! 0025, 0029
G " 0035
I a d g
D
B.| 43 O0ximm]4.§ -4.8 0xmm]4.g -4.8 0 x[mm]4.8
0029 02 D05
S P05
0 0032
F b e pocs h
T
B.
-4.8 0xmmj4.g -4.8 Oximml]4.8 -48 0x[mm]4.8
F. P03 P04 PO
p0A
X e
P. -
c f : [
D
A
T
iy -5 0x[mm]5| -4.8 0xmm]4.8 -4.8 0 x[mm]4.8

FIGURE 7. Theoretical and experimental.,,s parameter calcula-

tions of a 3.5MHz transducer.

Fig 5e). The experimental pressure distributiory at7 mm,
consists of two main lobes at the same position of the one
calculated for the soft baffle case, and a minor lobe close to
z=0.

And the last column plots the numerical and experimental
pressure distributions close to the Fresnel limit. The differ-
ences between the numerical calculations (see Figs. 5g and
5h) is the amplitude at = 0, and the length of the nar-
rower peak. Experimental pressure distributions show a good
agreement with the numerical distribution when a piston is
immersed in a soft baffle, since its maximum value is about
the same and has a very short peak length.

5.1.2. Peak-to-peak acoustic pressure

The peak-to-peak measurements contribute on the increment
of the pressure intensity at any point. However the distribu-
tion profile (see Fig. 6) itself is similar to the plots shown in
the last section. The amplitude and the profile of the exper-
imental pressure distributions, at different normal distances
from the transducer plane, show a good agreement with the
numerical values computed considering the transducer to be
immersed on an infinite soft baffle.

5.1.3. Root mean squared acoustic pressure

The P,,,s measurements represent the power of the trans-
ducer at any region, therefore produces a different profile
from the other two parameters.

Figure 7 plots the power of the numerical and experimen-
tal pressure distribution. It is worth noticing that the power
is very low, since this transducer is for imaging purposes.
The comparison between numerical values produced by the
two boundary conditions, when the observation point is at
z =1 mm, is that the power of the first boundary condition
(see Fig. 7a) is concentratedaat= 0, while in the second
boundary condition (see Fig. 7b) isat~ +a, and increas-
ing smoothly until reaches its maximumat= 0. The ex-
perimental data coincides to the second boundary condition,
because of the maximum amplitude value and the amplitude
difference between the power at~ +a and atz = 0 (see
Fig. 7c).

5.2. Circular transducer at 5 MHz of resonant frequency

Numerical pressure waveforms were produced and then
P,, P,, andP,,,s were computed from them. Numerical and
experimental readings are shown from Fig. 8 to Fig. 10.

5.2.1. Peak acoustic pressure

Numerical pressure distribution intensities produced by both
boundary conditions are similar, when the observation point

In the second column (Figs. 5d, 5e and 5f), we can se thas atz =1.5 mm and: = 20 mm (shown in Figs. 8a, 8b, 8d
the main difference between the rigid and soft baffle condi-and 8e), with the exception of a small incrementcat 0
tions is found at: = 0, where the contribution of the direct for the rigid baffle (see Figs. 8a and 8d) and the maximum
wave is attenuated by the edge wave for the second case (samplitude value is lower for the soft baffle case.
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z=1.5mm 7= 20 mm z=41mm 7=1.5 mm Z=20 mm z=41mm
022 023 05 p034 004 0047
Rlo1g 019 R 0042
I ' 019 I hos 003
G G
I a d g I a d g
D D
B.| 43 Ox[mm]4.8l -4.8 0x[mm}4.8 -43 0 x[mm]4.8 B.| 43 Ox[mmjd8 -48 Oxmmi4.8 -4.8 0 x[mmj4.8
017, 018 024 0024 034 02
S 015 02 S |oog 0025 i
O O '
F b e h F b e h
T T
B. ) B. . .
-4.8 Ox[mm]4.8 -4.8 0xmm]4.8 -4.8 0xmm]4.8 -4.8 0>x[mm]4.8 -4.8 0X[mm}4.8 -4.38 0x[mm]4.8
L 0z 02 o E [0 003 P04
019 p0%
X 019 02 X s
P. P.
(o2 f i c f [
D D
A A
T T
Al 48 0x[mm]4.8| -4.8 0x[mm]4.8| -4.8 0 x[mm]4.8 A -438 Ox[mm]4.8/ -438 0x[mm}4.8 -4.8 0 x[mm]4.8

FIGURE 8. Theoretical and experimental results Bf parameter

for a 5 MHz transducer.

z=1.5 mm /=20 mm z=41mm
039 04 04
R 0% 037 0%
I
G
I a d g
D
B.| 13 0 ximm]4.8 -4.8 0x[mm]4.8 -4.8 0 x[mm]4.8
03 033 044
g 029 03
0.35:
O
F b e h
T
B.
-4.8 0x[mm}4.8 -4.8 0x[mm]4.8/ -4.8 0xImm]4.8
E (035 04 02
0% 037
X 0.3
P.
c f i
D
A
T
A -4.8 0 x[mm]4.8 -4.8 0xmml}4.8| -4.8 0 x{mm]4.§|

FIGURE 9. Theoretical values and experimental readingspf

parameter of a 5 MHz transducer.

FIGURE 10. Theoretical and experimental.,,s parameter calcu-
lations of a 5 MHz transducer.

and c) the amplitude difference between the maxima and the
following minima. A completely different pressure profile

is found atz =41 mm, in Fig. &. It shows two well de-
fined main lobes symmetrical to= 0 mm, while in Fig. &

the pressure intensity is concentrated in one lobe around
2 = 0 mm. The two main lobes, plotted in Fig.g8and a
single lobe in Fig. 8, are due to the fact that edge and direct
waves are in-phase, so their amplitudes are added. The ex-
perimental intensity distribution plotted in Fig: 8onsists of

two main lobes as in Fig. 8.

5.2.2. Peak-to-peak acoustic pressure

The theoretical and experimental results are plotted in Fig. 9.
From a general comparison of the pressure distribution am-
plitudes between all cases, it can be said that the rigid baffle
amplitude and the experimental readings are larger than the
one computed for the soft baffle boundary condition. Also the
rigid baffle data and the experimental measurements show a
lower contribution of the edge and direct wavesrat 0,

than the contribution of edge wave at~ a, while the op-
posite pattern was found for a soft baffle boundary condi-
tion. Then the amplitude and pressure distribution profiles of
the experimental data tend to behave more like the computed
acoustic pressure distribution when rigid baffle is considered
as boundary condition.

Experimental intensities, measured at these observatiof 2 3. Root-mean-squared acoustic pressure

points (shown in Figs. 8c, and 8f), have the following similar

characteristics respect to the rigid baffle situation: a) the maxFigure 10 shows the acoustic power for several observation

imum intensities, b) an intensity increment aroung: 0 mm

points. The maximum amplitude, computed numerically, is
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located atr = 0, due to the fact that direct and edge waves A comparison between experimental and theoretical data
are added constructively (see Figs. 10a, 10b, 10d, 10e, 10gcluding peak, peak to peak and root mean squared parame-
and 10h). The main differences between the numerical valuggrs for each boundary condition was done. The pressure dis-
produced by the two boundary conditions are: a) the amplitributions of the transducers, when these parameters are com-
tude difference between the main maxima to the followingputed for every boundary condition, show that the transducer
minima is larger for the rigid baffle case, and b) when theat resonant frequency of 3.5 MHZ has very similar behavior
observation point is very close to the transducer, the maxito a soft baffle situation, while the transducer at 5 MHz of res-
mum power is concentrated around= 0 mm as plotted in  onant frequency is closer to the bahaviour expected when im-
Fig. 10a, while in Fig. 10b it increases across ttdirection  mersed in a rigid baffle. The acoustical pressures of the two
until x = 0 mm, where the maximum value is located. Thetransducers spread in different ways, even though the only
experimental readings (see Figs. 10a, 10f and 10i) show difference between them is the resonant frequency.
good agreement with the rigid baffle case, with the exception The pressure distributions when peak and peak-to-peak
of the missing peaks at= 0 mm (Figs. 10f and 10i). Possi- parameters were computed have the same profile but differ-
ble explanations are: a) when scanning at fixed positions thent amplitudes. Also, their maxima intensities are not located
hydrophone did not acquire the signal at which the maximunat x = Omm, while theP,,,s parameter calculations show
amplitude occurs or b) the transducer plane is not normal tthat the power of the acoustical pressure is concentrated on
the hydrophone axis. the transducer normal axis & 0 mm).
Finally, this works has demonstrated that simulation of
the acoustical pressure distribution produced by a vibrating
) circular surface can be used as guideline to design ultrasonic
6. Conclusions transducers. Also, it gives the theoretical fundament to pre-
dict the effects on the pressure distribution when more than
A comprehensive study of the acoustic pressure distributiomne pulsating surface is vibrating.
has been carried out for pulse-eco ultrasonic transducers of
r_esonant frequencies of 3.5 MHz and 5 M_Hz. A S'm”|a'AcknowIedgements
tion process was developed based on the impulse response
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