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Abstract

In this article the calculation, along with practical examples of near and far fields of acoustic antennas are presented. Knowing
the near and far fields is important because the radiation patterns and physical measurements of the antennas depend on them. These
antennas designed for measurements in air consist of transducers in flexural vibration, which give the best possibility to match acoustic
impedances between air and the transducer. Specific type of transducers for acoustic antennas is described along with their schematic
diagrams. Optimal design of the antenna is achieved when the near and far fields of the transducer are available. The near and far fields
are described by the distribution of acoustic pressure in the area around the transducer. The necessary expressions for calculating
acoustic pressure are supplied. In addition, diagrams of acoustic pressure distribution in chosen planes and lines of the environment are
presented. Unidirectional radiation of the evaluated transducer in flexural vibration is achieved by a relatively small increase in the
physical dimensions of the antenna. Schematic diagrams of actual antennas along with their radiation patterns are presented. A method
for eliminating peripheral radiation of these antennas is also described.
Keywords: Near field, far field, acoustic antenna, acoustic measurements, piezoelectric transducer, flexural vibration, acoustic
impedance, radiation pattern, parallel nodal lines, distribution of acoustic pressure

Introduction vibration [12-17]. Their working surfaces must be thin-
walled and rectangular.

When designing acoustic antennas, piezoelectric
ceramic rectangular thin-plate transducers in cosinusoidal
flexural vibration can also be used [11, 14, 16]. As will be
mentioned below, the required radiation patterns for these
antennas can be easily obtained.

The relatively easily manageable radiation patterns can
be obtained when nodal lines of vibration on the surface of
the rectangular bimorph transducer are straight and parallel
to one another [11, 12, 14-17]. The radiation of these
transducers in a plane perpendicular to the surface of the
transducer and parallel to the nodal lines of vibrations is
the same as an acoustic field generated by an oscillating
piston. In a perpendicular plane, if the flexural transducer
is flat and is fixed on an infinite flat baffle, this transducer
reveals a primary two-leaf radiation pattern and the
inclination angle a between the surface of the transducer
and a plane, perpendicular to the direction of radiation.

For measurements in air (gas) environment,
piezoelectric ceramic transducers in flexural vibration are
widely used [1-12]. By using transducers in a flexural
vibration there is a best possibility to match acoustic
impedances between air and the transducer, because
flexural transducers are characterized by a sufficiently low
acoustic impedance. It is then possible to achieve optimal
transmission and reception of measurement signals to air
and back to the transducer.

Flexural vibrations are generated most efficiently by
using unimorph, bimorph or multimorph piezoelectric
transducers [1-16].

When measuring in an air environment, unidirectional
transmission and reception of signals is preferred.
Additionally, the peripheral transmission-reception should
be as minimal as possible, because it is disruptive and
produces measurement errors. Therefore, acoustic antennas
consisting of piezoelectric transducers in flexural vibration This angle depends on the ratio of velocities of

are d§SIgned with a minimal peripheral transmission- acoustic waves in the transducer and in air [14-17]:
reception. sA
The radiation pattern, along with the shape and the size singyy =% > la > &
of acoustic antennas, depend on the near and far fields .
. . where a is the angle between a normal to a flat surface and
created by electro-acoustically active elements. The near o e ) . .
direction of radiation; 4, is the length of acoustic wave in
air; k; 1s the number of nodal lines on the surface of the

and far fields are described by the distribution of acoustic
pressure in the area around the transducer. The near and far transducer; / is the length of a transducer in the direction of
flexural vibration.

fields depend on the shape of vibrations on the transducer‘s
As described in [14-16], after choosing special

surface [14-28].
The radiation patterns of piezoelectric ceramic . . . . . >
P piez dimensions for piezoelectric ceramic and elastic plates,
resonance flexural vibration can be excited in the elastic

transducers were investigated in papers [29-39].
plate, which is fixed on a rectangular frame along the

It is possible to achieve unidirectional radiation of
iezoelectric transducers by using rectangular bimorph . . .
piez ' . y using gu 1morp whole perimeter. The design of such transducer is
presented in Fig. 1.

piezoelectric transducers with parallel nodal lines of
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Fig.1. Symmetric bimorph piezoelectric ceramic transducer with

fixed edges: 1 — rectangular elastic plate; 2 — piezoelectric
ceramic plate; 3, 4 — rectangular frame; 5 — electric
excitation

The piezoelectric ceramic transducer (Fig. 1) consists
of one rectangular piezoelectric ceramic plate of normal
polarization. The plate is mounted on a thin rectangular
elastic plate, which is fixed on a rectangular frame along
the whole perimeter. When electric pulses are applied to
the electrodes of the piezoelectric ceramic plate,
cosinusoidal flexural vibrations are being excited in the
ceramic plate. Nodal lines of the flexural vibration are
always present transversely and longitudinally on the
surface of the piezoelectric ceramic plate.

In practical applications we have noticed that the third
mode of cosinusoidal flexural vibration is the most
interesting (Fig. 2).

Fig.2. The shape of the third mode of flexural vibration transversely
to the surface of the transducer (Fig. 1)

In this case, the resonance flexural vibrations are
excited in the transducer, when the piezoelectric ceramic
plate resonates in the second mode (two nodal lines) and
the elastic plate resonates in the third mode (four nodal
lines).

Theoretical analysis

Optimal design of the antenna can be achieved when
the near and far fields of the transducer are available. The
near and far fields are described by the distribution of
acoustic pressure in the area around the transducer. When
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the near and far fields of the acoustic transducer are
available, then by specially phasing the vibrations of the
transducer and absorbing the unwanted peripheral
radiation, the optimal radiation pattern of the antenna is
obtained [14-17]. The following expression is used to
calculate the acoustic pressure p, originating from the
surface of the flat radiator, which is fixed on an infinite flat

shield [39]:
10¥7JJ§O

where £ is the imaginary v1brat10n velocity on the surface

jk}’

2

of the acoustic radiator, S is the surface area of the acoustic
radiator, 7 is the distance from the elementary surface dS of
the acoustic radiator to the required point in the
environment, k = 27/ is the wave number of the flexural
wave in the environment, 1 is acoustic wavelength in the
environment, o is the cyclic frequency, p is the density of
the environment, ;=./-1.

The following expression is used to calculate the
acoustic pressure P, originating from the elementary

surface dS of the acoustic radiator, which is fixed on an
infinite flat baffle, to the required point M, with
coordinates (xg, ¥y, zg) (Fig. 3) in the environment [39]:

ool
J@—mf+0—my+%
3)

where a, b are the half-width and half-length of a
rectangular transducer, &(x,y) is the imaginary vibration

5 +a +b

2 fetes

—a -b

+(Y‘Y0)2+Z§

dxdy,

velocity on the surface of the rectangular acoustic radiator.

M(X(),y(),Z())

Fig. 3. The position of the rectangular radiator in the Cartesian
coordinate system

The absolute value of the distribution of the complex
acoustic pressure in the environment is calculated using
expression [39]:

|34 PA? +B?, )
where
+a+b
A= J‘ J.go( \COSk\/X xO (y7y0)2+zgdxdy’ (5)
—a—b \/(x xo) (y yo) +Z§
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When calculating the radiation pattern of the
transducer shown in Fig. 1, the following expression is

used [14-17]:
Eol,v) = co{—i” -fj - ™
a

Along the x-axis, the distribution of the amplitude of
vibration is cosinusoidal. Along the y-axis, the distribution
of the amplitude of vibration is constant. This is because
the nodal lines of vibration are distributed parallel to this
axis.

The distribution of acoustic pressure amplitudes in the
environment is calculated using Eq. 4. These values,
calculated in chosen planes and lines of the environment,
are presented in Fig. 4 — 9. The calculation was made for
normalized x and y coordinates with respect to the
transversal dimensions a and b of the transducer.
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Fig. 4. The distribution of acoustic pressure amplitudes (normalized
values) in the plane aedc of environment whena =b =1

In Fig. 4 the distribution of acoustic pressure
amplitudes (normalized values) in the plane aedc of the
environment, when a = b = [ is presented. As seen from
Fig. 4, the distribution of acoustic pressure amplitudes has
three different amplitude maximums of the acoustic
pressure: I, II, III. The acoustic pressure along the y-axis
reduces quickly. When y = 3, the acoustic pressure is

practically zero.

Practical evaluation

In Fig. 5 the distribution of the acoustic pressure
amplitude on the transducer’s surface along the x-axis is
presented.
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Fig. 5. The distribution of acoustic pressure amplitude on the
transducers surface along the x-axis

With respect to the z-axis the distribution of the
acoustic pressure P is symmetric.

At the distance of X 10, the amplitude of the
acoustic pressure approaches zero.

In Fig. 6 the distribution of the acoustic pressure
amplitude on the line, which begins at zero coordinate and
which is in a plane z0x, and which is equally tilted from the
axes x and z at 45 degrees, is presented.

0 t t t t t t t
1.2 x=x/1

Fig. 6. The distribution of the acoustic pressure amplitude on the line,
which begins at zero coordinate and which is in a plane z0x,
and which is equally tilted from the axes x and z at 45°: I —
theoretical; I1 — experimental

It can be seen from Fig. 6, that the near field of the
transducer ends at approximately X 0.8. For
comparison, the near field of an oscillating piston is more
than twice as long.

In Fig. 7 the distribution of the acoustic pressure
amplitude on the line, which is parallel to x-axis, and
which is in the plane z0x, and when Z=6,8,10and X =0
is presented.
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Fig. 7. The distribution of the acoustic pressure amplitude along the
line, which is parallel to x-axis, and which is in the plane z0x

The curves show that when Z increases, the minimum
of the acoustic pressure amplitude decreases, and the width
of the radiation pattern increases.

In Fig. 8 the distribution of the acoustic pressure,
calculated using Eq. 3, in a plane, tilted at 45° to x-axis,
and which is beginning from y-axis, is presented.
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Plane: x—z =0

Fig. 8. The distribution of the acoustic pressure amplitude in a plane,
tilted at 45 degrees to x-axis, and which is beginning from y-
axis, at the distance of )y =10 from 0 coordinate

In Fig. 9, the distribution of acoustic pressure of the
transducer in a plane z0y, at the distance of y = 10 from

the zero coordinate, is presented.

From the calculated results we conclude that
unidirectional radiation of the evaluated transducer in
flexural vibration is achieved by a relatively small increase
in the physical dimensions of the antenna [15, 16]. The
schematic diagram of such antenna is presented in Fig. 10.

To achieve maximum radiation of the antenna, the
vibrations of the transducers must be specially phased.
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Fig. 9. The distribution of acoustic pressure amplitude in a plane, z0y,
at the distance of )y =10 from the zero coordinate
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Fig.10. Cross section of unidirectional acoustic antenna: 1
rectangular bimorph piezoelectric transducers; 2 — absorber
of acoustic radiation

The papers [16, 17] show that the near acoustic field of
a bimorph in flexural vibration is shorter than the field
produced by an oscillating piston. It is possible to use this
property to eliminate peripheral radiation by using sound-
absorbing elements (Fig. 11).
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Fig. 11. Cross section of unidirectional acoustic antenna: 1 — bimorph
piezoelectric unidirectional transducer (or an array of such
transducers like in Fig. 10); 2 — absorber of acoustic radiation
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The length L; of the absorber must meet this condition:
Ly =(F/2)-ctg®, (®)
where @ is the angle between the maximum and the first
minimum of radiation pattern; F is the aperture of the
acoustic antenna.

In the antenna (Fig. 11) the absorber of acoustic
radiation also serves as an element for matching acoustic
impedances.

In Fig. 12, radiation patterns of the antenna (Fig. 10)
are presented. The transducers were operating at the
frequency 17 kHz. In this case, the distance L; was 130mm
and the distance L, was 75mm. In Fig. 12a, the
constructive elements of the reflector are made of metal. In
Fig. 12b, the constructive elements of the reflector are
made of styrofoam.

b

Fig.12. Radiation patterns of the antenna (Fig. 10): a — metal reflector
of acoustic waves; b — styrofoam absorber of acoustic waves

As seen from these experimentally measured radiation
patterns of the antenna, only the main leaf of radiation
pattern is transmitted through the aperture to decrease the
peripheral radiation. The peripheral radiation is damped by
the constructive elements.

Conclusions

The near field of rectangular piezoelectric ceramic
transducers with parallel nodal lines of vibration is
significantly shorter in the direction of maximum radiation
than of an oscillating piston.

The bimorph rectangular transducers with straight and
parallel nodal lines of vibration can successfully be used
when designing unidirectional acoustic antennas. The
unidirectional radiation pattern of such antenna can be
obtained by damping the peripheral radiation with
constructive elements.

By using various passive constructive elements,
physical dimensions of the acoustic antenna can be
reduced to practically accepted sizes.
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Anteny i§ staciakampiy lankstymeosi virpesiy pjezoelektriniy keitikliy
artimojo ir tolimojo lauko skaitiavimas

Reziumé

Nagrinéjamas akustinés antenos, sudarytos i$ lanks¢iai virpanciy
pjezokeraminiy keitikliy, artimasis ir tolimasis sukuriamo slégio laukas.
Sis laukas apibrézia antenos metrologines charakteristikas ir jgalina
sukurti optimalias akustines antenas. Apzvelgiami praktiniai kryptingumo
charakteristiky pagerinimo siekiant i§vengti matavimams trukdancio
periferinio spinduliavimo-priémimo klausimai. Pateiktos rekomendacijos,
kaip lanksciai virpancius keitiklius panaudoti akustinése antenose, kad
galima buty realizuoti vienkrypti spinduliavima. Pateikti antenomis
sukuriamo akustinio slégio terpéje gauti skai¢iavimo ir eksperimentiniai
matavimy rezultatai ir pasitilytos matavimams tinkamos pjezokeraminiy
keitikliy konstrukcijos.
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