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ABSTRACT: It is hoped that this book will be useful to
accoustic engineers and experimenters in the field, as the
author presents some of the results obtained by himself and
his colleagues in research on pizzoceramic sound recelvers.
The author thanks V. A. Berezin, V. A, Basov, Ye, V, Vavilov,
A. N. Sapry*gin, and A, V, Sosnov for their experimental work.
Thanks are expressed to Academician N, N. Andreyev and to
Doctor of Technical Sciences V. S. Grigor'yev for their helpful
attention to the experimental work and the preparation of the
manuscript. Finally, the author acknowledges the assistance of
Mechanics A. V. Prakhov and P, D. Kholin, who sometimes played
a decisive role in the practical development of the sound

. - ,receivers, The Chapters of this translation are as follows:
J 1/»‘tvt;. Dielectric and Piezoelectric Properties of Ceramics
B of Barium Titanate; Chapter-IIl. Methods of the Determination
¢ of Characteristics of Sound Receivers; Chapter 111,

Nondirectional Brocad-Band Sound Receivers; Chapter.IV.
Broad-Band Sound Receiver with Flat Receiving Diaphragms;
Chepter V. Spectra of Natural Frequencies of Piezoceramic
Spherical and Cylindrical; Chaptes ¥I. Resonance Sound
Receivers with Ceramic Piezoelectric Elements. English
translation; 165 pages. /
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Eszentially it does not matter what medium is used for the creation of the
excess pressure; it is possible to use both gas and liquid. In our experiments
we used a measuring device in which the tested sound receiver was placed in a
vessel filled with oil or water; however, the excess pressure in the liquid
was created owing to the excess air pressure above the free surface of liquid.
For this purpose & common piston air pump with a manual drive was used. The
excess pressure was measured with the help of a precision manometer, and the emf
with the help of a one-string electrometer of the Edel'man-Lutz type. An
electrometer of this type is convenient in that it permits changing the
sensitivity either by a suitable selection of the potential difference between
the fixed electrodes (knives) or by means of a micrometric change in the distance
between them. The measured emf with our experiments is usually from a tenth of

a volt to units of volts.

'] 53 4 . Not only was the measurement of
a4 ¢

2&2&2&32?2___ 2% the static sensitivity of sound
S§$§§S&\ & §§ receivers in assembled form produced
N 3 N
§ % § by the described method, but also
AN
§ § a preliminary check of the sensitivity
N
§ § of ceramic piezoelements. However,
N A N
N o = N for the checki. of the sensitivit
DI TN e 4
YV 4 of cylindrical piezoelements with

different forms of polarization
Fig. 9. Device for the creation of static
pressure on the lateral surface of a it turned out to be more convenient
cylindrical piezoelectric element
1¥ cylindrical chamber; 2) outlet to the to use & device whose diagram is
pump; 3) rubber shell; %) giezoelectric
element; 5) edge of shell; 6) flange. shown in Fig. 9. In the cylindrical
chamber 1 filled by air excess pressure is created with the help of pump 2
connected to the pipe. The tested cylindrical piezoelement 4 tightly stretches
the shell of thin rubber 3, The folded edges of the shell 5 are pressed to the
body of the chamber with the help of flanges 6, which ensures the necessary
airtightness. 'The dercribed device permits creating an excess pressure on the
lateral surface of the cylindrisal semple without the necessity of assembly of

the sound receiver as a whoie.
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Fig. 13. Coordinate and turning device for fastening
converters during measurements in a basin.
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Fig. 14. Dependence of the amplitude of the receiving
signal on the depth of submersion during calibration
of flat converters with the use of the reflection from
the free surface of the water,
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The recorder of directional characteristics 10 is & cathode-ray tube with
a screen large in diameter, on which the directional characteristic of the tested
sound receiver is deplicted and from which it is photographed. The rotation of
the sweeping system of the recorder is carried out with the help of an electrical
shaft connecting the recorder with 1ifting and turning device 6.

The lifting-turning device 6 permits not only carrying out the automatic
rotation of the tested converter 5 but also the adjusting of its position in
depth. The working range of frequencies of electronic circuits of the measuring
installation 1s from 10 to 500 kilocycles. The duration of the pulses can be
changed from 0,2 to 2.0 milliseconds and the frequency of pulsing from 1 to 50 cps.
The timer 12 permits opening the receiving circuit with the corresponding delay
of time at an interval of time equal to or smaller than the duration of the
sending and thereby avoiding the influence of undesirable reflections. The
due.l-beam cathode-ray oscilloscope 8 permits observing a picture of the useful
signals and reverberation in the reservoir and also selecting with the help of a

gate marker the necessary moment of the opening of the receiving circuit.

The delay time can be changed from 0.2 to 20
milliseconds, which permits selecting any distance of
the radiator from the tested converter within the
length of the barge laboratory. The speed of rotation
of the turning device‘é was selected at about one
turn per minute, which permitted not only the examining
of the directional characteristic on the recorder 10
visually but also the recording in sufficient detail
of the directional characteristic of the converters
with a high degree of directivity, for instance,
possessing an apex angle of the directional charac-
Lteristic of an order of units of degrees,

In our experiments the distance between the
radiator 4 and the tested sound receiver 5 was changed
from 0.5 to 7 m, for which the radiator was fastened

with the help of a vertical rod to a carriage

travelling on rails along the opening in the deck of

.Fig. 16, FExample of the
directional ChgracLerisLic the barge laboratory. Fig. 16 shows photographs of
of a converter,
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Fig. 18. Directional characteristic of the sound
receiver in the form of a cube of ceramics of
barium titanate 10 mm x 10 mm x 10 mm in dimen-
sion. Numbers on the figures are tLhe frequency
in kilocycles.

undesirable. It would be more correct, certainly, to Zo by way of the creation of
sensitive piezoelements with a radial symmetry of form which appeared possible

when we started to use plezoceramics,.

In 1950 by the proposal of N, N. Andreyev and V. S. Grigor'yev at the

i}

Acoustic Institute of the Academy of Sciences of the USSR spherical radial-

1 I
¢

polarized elements were made from ceramics of barium titanate which allowed the

making of the first dummy (model) of a nondirectional sound receiver for ultrasonic

frequencies (up to 100 kilocycles) [44]. The

test of this first variant of the

spherical sound receiver showed promise of the selected direction of the work.
P




The appearance of the first dummy of nondirectional spherical sound receiver |
of ceramice of barium titanate ie shown in Fig. 19. The receiving element constitutes

two hollow hemispheres of ceramics of barium titanate with electrodes applied to the

external and internal surface of the
hemispheres by the method of silver
brazing. The outlet of the conductbr
from the internal electrode 1s accom-

plished through a small hole in one of

!
the hemispheres in which a thin ceramic .
-Fig. 19. The first dummy of nondirectional
spherical sound receiver of ceramics of tube is glued serving simultaneously
barium titanate.
for the bracing of the sensing device.
The spherical radial-polerized element is placed in & plexiglas housing
1
filled with transformer oil. The sensitivity of the first dummy sound receivers
of this type, with an external diameter of the sensing device at 14 and 16 mm and
thickness of the wall of the sphere at 2 mm was small, The static sensitivity
was about 1.7 uv/bar, and the field sensitivity from 0.6 to 1.7 pv/bar.
The capacity of the piezoelectric elements with an external diameter of 14
and 16 mm was equal to 1000 and 1400 pf. It is possible to judge the frequency
dependence of sensitivity eccording to data of Table 8 pertaining to one of such

sound receivers.

Table 8
0 (stats |
Frequency, ko nﬁ-.nr.o-a 2 » [ l @ | 100
ments ) | |
Sensitivity 1.7 0,608 | 1,6{ 1,7 l 1,25 | 1,45
uv/bar "

Exemples of directional characteristics of the first dummy of the spherical
sound receiver are given in Fig. 20. The solid curve shows the directional
characteristics of the receiver in a plane in which the full symmetry of the
construction is retained and the dotted line represents the directional charac-
teristics in a plane passing through the bracing elements of the spherical sensing
device. Subsequently we will conditionally call these planes horizontal and
vertical respectively.

Directional characteristics of even the first models of the spherical sound

receivers in & horizontal plane could be recognized satisfectory as compared to
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it is possible to attain increase in the sensi-

tivity with a corresponding decrease in capacity.
The configuration of the sections on the surface
of the sphere should be such that the area of

the sectior - are identical. Sections of the

Fig. 4. Example of a series shell between the sections free of electrodes
connection of separate sectlons
of a spherical ceramic shell should be larger in dimension than the thickness

with radial polarization.
of the shell.

Tangential polarization naturally cannot be obtained for all the shell &s &
whole; the corresponding electrodes should be in some way or other distributed by
the external surface of the shell. Fig. 35 shows the
possible configuration of the electrodes. Assuming that
the regions with the tangential polarization elmost
wholly fill the surface of the sphere, it is possible
to write the expression for the sensitivity of the
spherical sound receiver with tangential polarization

in the form

LNAFHIG NUI

E <
;;-Sklgu.

It is obvious that other things being equal the

Fig. 35. Photograph of '
two halves of a tangen-
tially polarized spheri-
cal piezoelectric
element of ceramics of
barium titanate.

use of tangential polarization more suitable, since in
the expression for sensitivity there is the piezoelectric
modulus d33.

Thus it can be said that the greatest sensitivity is ensured by the use of
cylindrical and spherical shells with tangential polarization. In this case
besides an increase in the sensitivity owing to the transformation of mechanical
stresses (which takes place with any method of polarization of & thin-walled shell)
it is possible to use the longitudinal pilezoelectric modulus d33 which more than
twice exceeds the transverse piezoelectric modulus d31 = d32. Moreover, with the
assigned coefficient of transformation, i.e., with the defined ratio R/6, and
with tangential polarization it is possible to increase the distance between the
electrodes 1. In other words, with tangential polarization of the shells it is
possible to increase the sensitivity of the piezoelement owing to the increase in

the ratio R/6, the increase in 1, and the use of the piezoelectric modulus d33.
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Table 14

Dimension of the .
shell 2 - w e
- ° ° E g
«E] «edle >
e8| §9s= {
Fore of the shel Material dism= jthickness jDimsnsions 8 < B2 TE
ster, [of wall, |of the “91 2 ::22
e = piezoe sment 22 bl i
exl gHY52 <
o8 SO =S >
Cylindrical Steel 38 2,0 2 X6X40 mm1C0 | 9.5 57
Ddameter
¢
Spherical Glass 50 1.5 30 W) 371 7.5 37
" 29 1.5 thickness, 37| 4.8 37
2m

=

The metallic shell could naturally simultaneously serve as &an electrostatic

shield. The application of a glass shell (or any other shell of electric

insulating material) requires an introduction of an additional shield, which in

such cases we accomplished in the form of a silver covering applied to the

internal surface of the shell by & chemical process,.

Fig. 45. Directional characteristics

of the sound receiver with a spherical
receiving shell and built-in sensitive
ceramic piezoelements. Numbers on the
figure denote frequency in kilocycles.

Figure 45 gives directional charac-
teristics of a sound receiver with a
glass spherical shell 5 cm in diameter.
The diameter of the built-in ceramic
piezoelement in this case was equal to
1 em, Zero directions of the reading
of angles on the directional diagrams
are shown by arrows; they corrsspond to
the position of the receiver tested. The
piezoelement was built into the back
side of the shell where the fastening of
the shell was accomplished constructively
to the turning device with the removal
of the directional characteristic. It
is easy to see that at frequencies of
45-150 kilocycles the directional
characteristics are close to circular in
the front hemisphere and noticeably
distorted in the rear hemisphere, which

was conditioned, apparently, by the

deviation in asymmetry in the construction owing to inclusions in the symmetric
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a plezoelement of another material with other elastic constants.
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T'he second series of experiments was for the purpose of clarifying how much

the form of' the directional characteristics is distorted because of the presence
of elements necessary for the reliable hermetic sealing of the lead from the
internal electrode.

fgure a glves the initial directional characteristic taken in the
equatorial plane at a frequency of 40 kilocycles for & sound receiver 3.4 cm in
diameter and Fig. 50 b-h, directional characteristics at the same frequency
obtained with a patch on the equator of the sphere of disks of nonceramic
materials. T'he thickness of these disks was 1.5 mm; the diameter in fractions
of the wave length in water at 40 kilocycles is shown for every case in Fig.
Additional elements on the surface of the spherical sensing device, as can be

seen from the figure, considerably influence the directional characteristic.

Fig. 50, Directional characteristics of a spherical sound receiver with a
diameter D; part of the receiving surface is closed by a screen with a diameter

!
a) spherical sound receiver (D =~ \); b) brass (D = 0,25) ); c) organic glass
1 ! 1
(D =~ U.35) ); d) organic glass (D =~ 0.8) ); e) plug (D =~ 0.35) ); f) lead
(D =~ 0.8\ ); g) microporous rubber (D = 0.7) ); h) plug (D =~ 0.8 ).

On the basis of the described experiments it is possible to conclude that

for nondirectional sound receivers it is possible to use spherical sensing devices

with an equatorial seam; in order to decrease the distortion of the directional
characteristic in the plane containing the lead of the internal electrode, it is

necessary with the fulfillment of the hermetic lead to obtain as far as possible
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Fig. 59. Diagram
of fastening the
small spherical
sensing device of
the sound receiver
to the holder. 1)
ceramic piezoele-
ment; 2) metal
covering by g
enamel; 4) g
welding of t
seam; 5) glass
passage insulator;
5) rubber decoup-
ling element
(waterproofing);
7) rod lead from
the internal elec-
trode; 8) tube of
the holder; 9) in-
sulating bushings;
10) bonding by
carbinol glue,
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Directional characteristics in the

plane of the spherical ceramic sound
diameter D
in kilocycles.

figure denote

directional characteristic sound receivers we can turn

to ig. V1 where the equatorial

characteristics for a sound receiver

with an outer diameter
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. ‘ rectional characteristics of “he cylin«
-1 ind recelver of ceramics titanate with
ar 1 1 ¢ haracteristi are taken in
a plar per ndicular t the axis of the cylinder.
frequer 5 Showr n kilocye -
rectiona haracteristics of cylindrical sound receivers, with a rigidly
secured sensing de e and with soft ng in a plane perpendicular to the
axis, differ little from the circular up to very high frequencies (350-450 kec)
when dime of e sound receiver become considerably larger than the wave
lengtl or instance, when the diameter D ~ 6A at the working frequency of 300 kc
the directional characteristic differs from the circular by no* more than #15%,
i.e., ~ 1. ib. qually the nd receivers with rigid and soft bracing differ
little from each other in angular widt! f the main lobe. The width of the main
lobe coincides well with the calculation which one can see from Fig. 00 where the
theoretical dependence of the width of the main lobe on the frequency (dotted
urve) 1s ziven for the ylinder ff final length; dots denote the correspondin;
experimental values obtained with rigid bracing of the piezoelement,

The experimental sound receiver shown in Fig. 65 made it possible to clarify
the inf'luence onditions of bracing on the frequency response of the sound
receiver, I s the frequency ‘urves of the sensitivity
(taken in a plane perpendicular to the axis in water) for three identical sound
receivers with rigid bracing of the plezoelement. U Ye } gives the corresponding
characteristic for the piezoelement identically applied in these sound receivers
but with the sof't bracing of it to the cable,
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Fig. 04, Directional characteristics of the cylin-
drical sound receiver with rigid bracing of the
sensitive radial polarized ceramic element.
Characterlstics are taken in the axial plane of the
cylinder. Numbers on the figure denote frequency
in kilocyce

=1
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to see that with sof't

o

racing up t
the approach of resonance the frequency response 1
obtained considerably more even than with rigi
bracing. Fi re 'b shows two clearly expressed

resonances.,

Fig. 65, Cylindrical As 1s known, the cylindrical shell can have
sound receiver with sof't

bracing of the sens

ing three systems of natural resonances; 1) determined
device to the cabl
1) ceramics; 2 and 3) by average the dlameter of the shell D, (condition

rubber, N
of the first basic resonance of this type has the

form wD, = \); 2) determined by oscillations of the cylinder with height h (condition

of the first basic resonance |

‘orm h = 3/2); 5) connected with oscillations










Fig. 68. Ccon-
structive dia-
gram of a
cylindrical
ceramic sound
receiver with
face cover
plates. 1)
piezoelement;
2) external
metallic cover

ing; 3) internal

metallic cover-
ing; 4) front
end washer; 5)
reer metallic
end washer; 6)
stuffing box,.

spherical sound receivers with soft bracing. Such a construction
is schematically shown in Fig. 71.

Sound receivers of such type were constructed by us with
diameters of the plezoelement from 3 to & mm. Figure 72 shows
one of these sound receivers.

In certain special cases we nevertheless fastened the
miniature cylindrical piezoelements directly to the cable. Thus
in 1959 we constructed a sound receiver for the Therapeutic
Institute of the Academy of medical sciences designed for
insertion into the heart cavity during the investigation of
heart noises. The external diameter of this sound receiver was
3 mm. The appearance of the first dummy intracavity sound
receiver for diagnostics of heart disease and components of it
are shown in Fig. 73.

Broad-band cylindrical sound receivers with radial polarized
sensitive ceramic elements at present already are widely used
along with spherical nondirectional sound receivers. They

possess, as it was shown, sufficiently great natural capacity

and satisfactory sensitivity in a wide frequency band and also nondirectionalness

in one plane,

The process of manufacture of cylindrical piezoelements (especially

miniature and subminiature) and the procedure of assembly of cylindrical sound

receivers in a number of cases are noticeably simplified as compared to the

manufacture of spherical sound receivers.

et d.

Fig. 09. A collection of broad-band cylindrical sound
receivers of ceramics of barium titanate.
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Fig. T1. Fig. T2.

Fig. 71. Fastening a miniature sensitive cylindrical piezo-
element to the holder., 1l piezoelement with face washers of
ceramics of barium titanate; 2) glass welding; 3) external
and internsl metallizing; lz external covering by glass
enamel; 5) glass partition insulator; ©) rubber washer; 7)
tube-holder; 8) rod conductor; 9) insulators in the tube-
holder; 10) bonding by carbinol glue.

Fig. 72. Miniature measuring cylindrical sound receiver,

The increase in sensitivity of the sound receiver with the use of tangential
polarization occurs according to the following causes: 1) with the use of a
thin-walled cylinder the great coefficient of mechanical transformation K is
realized; 2) the maximum piezoelectric modulus of ceramics d” is used; 3) it is
possible to increase the distance between electrodes not changing the thickness
of the wall and diameter of the cylindrical shell.

It is necessary to make a few preliminary remarks with respect to the design
features of sound receivers with cylindrical piezoelements with tangential polari-
zation., The fact is that such sound receivers cannot have a solid external
electrode which could serve as an electric shield. The shield of a sound receiv\or

designed for work in air can be easily made in the form of a cylindrical

-110-



e e —— g

sound-transparent grid sufficiently remote from electrodes
applied to the surface of the piezoelement. Therefore, any

simple constructions of piezoelements with an external, internal,

L | 4 or combined application of the electrodes are permissible here.
/ There 1s another position for sound receivers designed
for work in water. The water medium will inevitably form an
" additional electrode, which with the application of the
electrodes to the internal surface of piezoelement can lead
to the essential impairment of the parameters of the sound
‘i‘_‘__:Zu; receiver, Therefore, for hydroacoustic sound receivers with
iigé112; rggund tangential polarization it is necessary to apply an external
:ig:c:% gg:posea insulating covering of a dielectric with a small dielectric
Qﬁ:zs;}ctggsti- constant and only on the external side of such a covering is
gg::::zugrof he it possible to place a sound-transparent (for instance, mesh)
USSR.

shield.
We developed a number of variants of cylindrical sound receivers with
tangential polarization of piezoelements designed for use in air ard water. Since
the application o1 face washers with tangential polarization is inexpedient,
because the sensitivity of the sound receiver decreases, then all the sound ]

receivers of a given type developed by us provided protection of the faces from the

influence of sound pressure,

Fig. 74. Appearance of a cylindrical piezoelement
of ceramics with tangential polarization (a) and
examples of possible location of the electrodes
(b, ¢).
Figure 75 pives a typical construction of such a sound receiver designed for

vperation in water,
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Fig. 75. Diagram of
the fastening of the
sensitive cylindrical
piezoelement with
tangential polariza-
tion to the holder.
1) cylindrical
plezoelement; 2)
rubber covering; 3)
external mesh shield;
4) internal metallic

part; 5% constructive ‘
parts; 0) stuffing Fig. 76. Hydrophone with a cylindri-
box for lead-in of the cal tangentially polarized ceramic
cable. element,

Table 17

Dimensions of Static sensitivity, Sensitivity | Opersting

tha oylinders, 1L /oar with redial frequency

e Thacknass | Capacity, polarization | band up to,

_'T :;:. 2l > U v/bar ko

hetat | star = . oulated :v.:::::d

40 52 1,5 500 264—238 234 17 20

4 52 1,5 500 264—238 250 17 20

Ly 52 1.5 500 264—238 240 17 20

L 52 3,0 900 132110 135 16,2 20

4 52 3,0 900 132110 108,5 16,2 20

« 52 3,0 900 132110 104,5 16,2 20

40 30,9 0,9 600 1275115 | 101 10,9 50

A0 32,0 1.5 3 84,4 10,7 50

23,6 | 14,8 1,0 - 19 - 4,75 100

We usually covered piezoelements for air sound receivers only by a film of
glass enamel for protection from outside humidity,

Figure 76 shows a hydroacoustic cylindrical sound receiver,
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Fig. 77. Directional characteristics of
a sound receiver with a sensitive cylin-
drical tangentially polarized piezoelement
taken in a plane perpendicular to the
axis. External diameter of the piezo-
element, 50 mm, n = 12, Numbers on the
figure denote frequency in ke,

Iet us turn to the examination of directional characteristic of the described
sound receivers. As an example Fig. 77 gives the directional characteristics
teken in water (in a plane perpendicular to the axis) for a sound receiver 50 mm
in diameter, and Fig. 78 shows such characteristics for a sound receiver 32 mm in
diameter. Both sound receivers had a plezoelement divided into 12 sections.

In comparing these characteristics with those for cylindrical receivers with
radial polarization we see that with tangential polarization the range of frequencies
in which the directional characteristics preserve a satisfactory form is narrower
than with radial polarization, Here, undoubtedly, the fact is that with radial
polerization the piezoelement has an axis of symmetry of the order of m, while
with the tangential polarization the axis of symmetry has a finite order. Therefore,
the influence of diffractional phenomena should be considerably more with tangential

polarization than with radial polarization,

244

2%




-

It is natural that approximately
simultaneously with the disturbance of
the form of the directional characteristic
there appear irregularities in the
course of the frequency response of the
sound receiver. Therefore, the actual
working range of frequencies for
receivers with tangential polarization
is somewhat narrower than for receivers
with radial polarization; the upper
cutoff freguency is determined now not
by the approach of the first resonance
of the shell but by the appearance of
the indicated irregularities of' the
frequency response. As an example
Fig. 79 gives the frequency-response

curve of sound receivers with tangential

Fig. 78. Directional characteristics of
& sound receiver with a sensitive
tangentially polarized piezoelement
taken in a plane perpendicular to the
exis. HExternal diameter of the pilezo-
element 32 mm, n = 12, Numbers on the
figure denote the frequency in ke,

polarization with the diameter of the
piezoelement at 50, 30, and 15 mm.
Here the irregularities of the charac-
teristic appearing earlier than the
first resonance are clearly evident,

Nevertheless sound receivers with tangential polarization permit obtaining
a sufficiently wide working range of frequencies and satisfactory directional
characteristics in this range of frequencies. Therefore, in virtue of their high
sensitivity they can find an even wider application than receivers with radial
polarization.

In conclusion we will discuss the question about the use of cylindrical
plezoelements with longitudinal polarization in the construction of sound receivers.
As follows from what has been said (see section 2) such piezoelements with identical
geometric dimensions of the ceramic shell have parameters intermediate as compared
to those for cases of radial and tengential polarization. However, they, Just as
piezoelements with tangential polarization, recuire the use of & dielectric

protective layer on the external surface of the cylinder and from this point of
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With longitudinal and tangential polarization a decrease in the thickness
of the shell leads to an increase in the sensitivity but owing to the decrease
in the capacity. With an equal thickness of the shell, form the point of view of
the capacity of the piezoelement the radial polarization is the most advantageous.
Figure 82 ghows a sound receiver of the type
described with diaphragms made of brass (D = 30 mm);
the elastic element providing mobility to the
diaphragm was girdling groove in the brass part
forming the diaphragm. Figure 83 shows a sound

receiver with the same external diameter but with

diaphragms made of ceramics of barium titanate.
Fig. 82, Sound receiver with
two receiving metallic dia- The suspension of the diaphragms is carried out
phragms.

here on rubber collars.

Fig. 83. Sound receiver and piezoelement with
receiving ceramic diaphragms. 1) housing of the
sound receiver; 2) diaphragm; 3) cylindrical
plezoelement,

In the sound receivers described we used cylindrical thin-walled piezoelements
both with radial and with longitudinal polarization. In the first case, naturally,
the electrodes were applied to the internal and external surface of the cylinder;
In second case we used, for the most part, the application of electrodes to the
external surface of the piezoelement in the form of a double helix about which
will be described in detail below [201].

Table 18 gives basic data of several models of monotypic sound receivers for

the case of radial polarization of a piezoelement with a diameter of the receiving
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diaphragm at 30 mm. The dimensions of the sensitive ceramic element are the

following: external diameter 2b = 4 mm; height h = 12.7 mm; thickness of the wall
6 = 0.3 mm.
It is natural that the directional charac-
Table 18
Sound Capacity (ﬂmtiu?; teristics of sucl sound receivers at any high
measursd ),
S i fv/bar frequencies should be worse than for sound
q 2420 18,1 receivers with a spherical receiving element.
B 2500 21,7 This can be s2en from Fig. 84 where directional
3 2350 26,7

characteristics are given of the sound receiver

with a diameter of the diaphragms of 20 mm and a
length of the cylindrical sensitive piezoelement of 16 mm, Therefore, it is
impossible to consider such sound receivers at high frequencies as absolutely
nondirectional and when using them in measuring work one should observe the

definite orientation of the sound receiver,

Fig. 84, Directional characteristics of a
sound receiver with two flat receiving dia-
phragms. On the figures the frequency is
shown in kilocyecles.
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Fig. 85. System of the connection of electrodes. a) with polarization; b) with
operation of the piezoelement,

Fig. 86. Solid electrodes for polarization of a ceramic diaphragm in depth.
Fig. 87. Form or electrodes with tangential polarization of the diaphragm.
1) annular electrode along the periphery of the diaphragm; 2) central electrode.
In this case and with tangential polarization the form of the electrodes (which,
of course, can be applied to one side of the diaphragm) is obtained simply (Fig.
87).

With tangential polarization and the pinched edge of the diaphragm such &

simple system of electrodes in the process of polarization is impossible to use,

since we would obtain & decrease in the sen-
Connection during
@ b sitivity. Therefore, in this case with
S, O
2 ’ <> polarization there is used a system of
Jemiaton dosing electrodes shown in Fig. 88a, b ensuring the
tebtheebed o various directions of polarization in the
W central and perirheral regions of the diaphragm.

- Fig. 88, System of electrodes With the operation of the sound receiver only

for tangential polarization in
opposite directions of the cen-
tral peripheral diaphragm.

peripheral and central electrodes (Fig. 88c,)
are used. We investigated sound receivers of
the type described with a diameter of the diaphragm of 50 mm and & thickness of
0.3-0.35 mm. The stetic sensitivity of such sound receivers with polarization in
depth on the average is 40-50 yv/var, and the capacity is 60-7C thousand pf.
With tangential polarization the sensitivity attains 6000 pv/bar with a capacity
of 10-20 pf [203].?

In conclusion let us note that sound receivers of the type described are more

useful for use in an air medium (for instance, as microphones) in virtue of the

lyery recently Tomita and Yanaguti published & work dedicated to the use of
thin ceramic piezoplates with polarization in depth in sound receivers designed
for telephony [20#5.
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Fig. 101. Longitudi-
nally polarized ceramic
piezoelement for a
resonance sound receiver,
1 — diaphragm; 2 —
ceramic cylinder;
electrodes,
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CHAPTER Vi
ONAN UND RECEIVERS WITH CERAMIC PIEZOELECTRIC ELEMENTS
1 Re sonan ound Receivers with a Flat Recelver Diaphragm
and Cylindrical Plezoceramic Elements
estigated several types of resonance sound receivers with a converting
eram f barium titanate and first turned to the use of plezoelements
orm longitudinally or radially polarized cylinders connected by a
ethod with the receiving diaphragm.
nverter wit different resonance frequencies were used, for example, as
for creating a sound field in measuring hydroacoustic tubes or with a
kind measurements in a hydroacoustic basin (with calibration by the
recipre Ly a reversing converter or auxiliary radiator, and so forth).

SRS T



diaphrag
frequency

rure 100 shows a re

type investigated by us; par

internal mechanism of the

The rubber pack

front ' the diaphragm 1 ope

figure shows a sound receiver

101 shows separately the plez

longitudinal polari

surfaces

one of the

oV
Wi
oed

. he
rad
nt
apt
re.

y " o
diaphragm
elems I
1 polari

v suct

ilver elec

vlinder

44—

trodes

in

"

1€

cf ¢

anda

form

Mﬂ‘!’

s -a-s WNJ

DADIP

A5

are

of a

PuuuJuiBLE

RE

double

helical










s e e .

secondary lobes. 1t was more expedient for us to use with a large diameter of the
diaphragm a "mosaic" of several cylindrical piezoelements. An example of such

construction is shown in Fig., 105, Here we see a steel flat diaphragm and 13

ceramic cylinders with radial polarization; the cylindrical piezoelements were
thoroughly matched in resonance frequency and were glued by the ends to the
diaphragm by means of carbinol glue. The diaphragm was installed in the housing

of the sound receiver with the help of a rubber packing ring.

Fig. 105. "Mosaic" of ceramic cylinders with a resoace
frequency of 27 kilocycles.

Figure 106 shows the frequency-response curve in conditions of radiation of
such a converter with the diameter of the dlaphragm, 32 cm and resonance frequency,
&7 kllocycles,

Let us note that the rear ends of cylindrical plezoelements in the given

construction remained free,
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Fig. 106, Frequency-response curve

of a "mosaic" converter with cylindrical
elements.

"Mosalc" converters of such type are easily manufactured and can be made
practically for any resonance frequency in a range of frequencies approximately

from 10 to 200 kilocycles,. i
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