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TION SUITABLE FOR. OPERATION iN DEE?P
WATER
Frank Miassa, Cohasset, Norfolk, Mass., assignor, by
mespe. assignments, to Dypamics Corporation of
Ameriea, Mew York, N.Y.; a corporation of INew York
Filed Apr. 20, 1961, Ser. No., 164,426
16 Claims. (CL 246—10)

This invention relates generally to underwater sound
transducers and more particularly to new and improved
electro-acoustic transducers adapted for the conversion of
electrical energy to acoustic energy and also for the con-
verison of acoustic energy to electrical energy.’

It is well known in the art that an efficient electro-
acoustic transducer may be designed by employing piezo-
electric materials for the conversion of electrical signals
to mechanical vibrations. A conventional design of such
a transducer makes use of an assembly of piezoelectric
expander plates, cut from ammoniom dihydrogen phos-
phate or some other suitable piezoelectric material, which
are operated at their natural resonant frequency as illus-
trated, for example, in U.S. Patent 2,521,642 Such a de-
sign is limited to relatively high frequency efficient opera-
tion because the natural frequency of typical prior art
crystal plate assemblies usually falls in the frequency
range above 15,000 cycles per second. For lower fre-
quencies, the plates of these prior art arrangements be-
come impractically long in their dimensions and are sub-
ject to easy fracture when their assembly is attempted.

Accordingly, it is a general object of this invention to
improve the construction of underwater transducers, and
especially transducers operating at frequencies generally
in the region below approzimately 15,000 cycles per sec-
ond. .

Another object of this invention is to provide a new
and highly efficient transducer construction which is pres-
sure equalized so that satisfactory operation can be
achieved at great submerged depths under water.

It is still another object of this invention to provide a
transducer of an efficient size wherein the radiating sur-
face occupies a large portion of the housing dimensions.

It is another object of the invention to provide a trans-
ducer unit that may be conveniently assembled in multiple
arrays whereby a very large radiating surface may be
achieved with low manufacturing cost.

Other objects of the invention will become obvious
to those skilled in the art from the following description
in which the novel features which characterize the inven-
tion are set forth with particularity in the appended claims,
The invention, itself, however, both as to its organization
and method of operation, as well as advantages ‘thereof,
will best be understood from the following description
of several embodiments thereof taken in conjunction with
the accompanying drawings wherein:

FIGURE 1 is an end view showing the radiating surface
of a new transducer embodying the invention;

FIGURE 2 is an elevational view, partially in cross
section, of a new transducer taken along the line 2—2 of
FIGURE 1;

FIGURE 3 is a partial sectional view, similar to FIG-
URE 2, showing another illustrative embodiment of ac-
tive transducer element adapted for use in the transducer
assembly of the present invention;

FIGURE 4 is. a perspective view of one of the crystal
plates used in the embodiment of FIGURE 2, and
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FIGURE 5 is a perspective view of a split polarized
ceramic cylinder which may be used as an alternative con-
struction to the illustrative embodiment of FIGURE 3.

Referring now to the drawings, and more particularly to

IGURE 1 thereof, the reference numeral 16 identifies
the radiating plane surface of a transducer assembly 12,
Although the radiating surface 16 is showa as a square, it
will be appreciated that any other configuration, such as
a circle or a polygon could be used.

Referring now to FIGURE 2, the transducer assembly
12 is shown as comprising a vibratile plate member 14
mounted within the frame-like portion 6 of the housing
structure and flexibly attached to the housing structure
by the molded rubber member 18, The rubber member 18
also 'is molded over the front radiating surface of the
vibratile plate member 14 to provide a protective surface
29 for permitting improved long-life performance under
water.

Advantageously, a cylindrical housing member 22 is
secured as by brazing or any other suitable means, to the
frame-like portion 16 to provide a completely sealed

_housing to enclose the active transducer assembly. In ac-
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cordance with a feature of this invention, the unique trans-
ducer structure comprises the vibratile plate member 14
and an assembly of piezoelectric crystal plates 24, such as
45° Z-cut ammonium dihydrogen phosphate, or 45° X-cut
rocheile salt, or any otker piezoelsciric crystals which
may be set-into vibration by the apnlication of an alternat-
ing voltage to a set of electrodes 26. - The crytsal plate
assembly is firmly bonded to a prepared flat face 84 of
the vibratile plate member 14, and to a similarly pre-
pared flat surface 86 of a weight 28 as shown in FIGURE
2. . A thin insulating Bakelite sheet (not shown) may be
interposed and securely bonded between the ends of the
crystal plates 24 and the surfaces of the adjoining plate 14

~and weight 28, if desired.

The purpose of providing the weight member 28 to load
the crystal structure is to resonate the vibrating crystals at
a lower freguency than would be possible were the load-
ing weight omitted. In order that the crystal vibration
amplitude may be held at a minimum with the corre-
sponding advantageous reduction in stress, it is advantage-
ous to maks the vibratile plate 14 as light as possible,
while making most of the load for frequency reduction
reside in the non-radiating weight member 28. The
vibratile plate 14 therefor, in one illustrative embodi-
ment, is made of aluminum and, in cases where still fur-
ther weight reduction is desired, the aluminum may be
cast as a porous sponge-like mass which will preserve the
rigidity of the plate, which is essential for satisfactory
radiaticn of sound under water. The vibratile plate 14
illustrated in FIGURE 2 is shown as a porous sponge-
like aluminum mass having inclusions of gas pockets 88
dispersed through its volume whereby its demsity is re-
duced.

The magnitude of the weight 28 is adjusted to result
in a combined resonant frequency of the crystal plates 24,
and the masses of the plate 14 and weight 28 as desired
for the operating frequency of the transducer. - Advan-
tageously a fiexible spider member 36 is securely fastened
to the center of the weight 28 as by the threaded fastener
32 and spacer 34, and is also secured at its periphery
to a ring member 3§, which, in turn, is secured by any
suitable means, such as brazing or welding, to the inner
periphery of the housing structure 22. In accordance
with the invention, the spider member 3% has transverse
rigidity and keeps the weight 28 from being sheared off
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at thee bonded crystal surface during shock and vibration
wf the transducer.

An end cap 38 is fastened to the housing 22, as by
means of the radially disposed screws 48. Advantageously
an C-ring 42 provides a seal between end cap 38 and
housing 22, as shown. Insulated terminals 44 are pro-
vided to permit transfer of the electrical connections
from the electrodes 26 of the crystal plates 24 to the
external cable 45. A cable gland housing 48 is fastened
‘to the end cap 38 as by means of the screws 58 and
and O-ring 52 provides the necesary underwater seal. The
cable 4% is sealed by the assembly of the compression
rubber gland 54, the washer 56 and the nut 58. Those
-skilled in the art will appreciate that nut 58 is tightened
sufficiently to provide compression of the gland 54 %o
the surface of the cable 4§,

In order to pressure equalize the assembly so that the
structure will not be damaged due to the higher static
wressure developed in-deep water, it is a feature of this
invention to provide a flexible rubber sleeve 6% which is
isealed to opposite ends of- the cylindrical housing 22, as
by means of the metallic bands 62 or other suitable
means. An orifice 64 is formed through the wall of

. the housing 22, as shown, to provide communication be-
tween the inner enclosure of the housing 22 and the reser-
voir enclosure 66 defined by the sealed rubber sleeve
€0 and the outer surface of housing 22. A suitable fluid,
such as castor oil, fills the inner enclosure of the trans-
«ducer assembly and the reservoir enclosure 66 of the as-
:sembly.  The oil may be poured into the transducer be-
fore the. attachment of the end cap 38, and the rubber
sleeve €8 may be pulled out from the housing as by
means of a vacuum, to allow the oil to run into the formed
TeseTvoir enclosure 66.

In accordance with a further feature of this invention,
ia low acoustic impedance member 88, such as cork, is
placed inside the transducer structure. The members 68
- serve as a pressure release during the vibration of the
- plate 14 during operation of the transducer and prevents
sound pressure from radialing through the rear or
through the housing of the assembly. The pressure re-
lease fumction is achieved because the air cells that are
trapped within the cork act as springs which are com-
pressed when vibration is set up within the fluid. In
-other words, the compression of the air cells prevents
tthe pressure from being built up in the fluid, and there-
fore, serves as a pressure release.

The above description of the new low frequency trans-
-ducer contemplates the use of piezoelectric crystals form-
ing the vibrating transducer material. An illustrative de-

tailed showing of a 45° Z-cut ammonium di-hydrogen -

phosphate crystal which is suitable for use in the inven-
tion is shown in FIGURE 4 of the drawing. A pair of
metaliic electrode surfaces 26 are cemented to the op-
posite faces of the crystal plate 24 as shown. When
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“potential surface.

) from the true spirit and scope of the invention.
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crystal structure. The electrical conducting leads 70’ anfi
72’ connect the polarized ceramic cylinder 74 to the termi-
nals of a suitable power cable so that electrical operating
power may be supplied to the transducer. )

In accordanc¢e with another feature of this invention,
it has begn found advantageous to split the outer cylin-
drical electrode into two separate semi-cylindrical half-
electrodes 78 and 8 as illustratively shown in FIGURE 3.
In polarizing the ceramic cylinder, the D.-C. polafizing
potential is applied between the half electrodes 78 and
88, and a center tap from the polarizing potential is
connected to the inner continuous cylinder electrode 82.
By this polarizing arrangement, the two A.-C. connections
will remain on the external surfaces 78 and 8¢ of the
ceramic cylinder and thereby inereasé the convenience of
the assembly. It will be appreciated by those skilled in
the art that it is, of course, equally possible to po!arize
the ¢etamic cylinder in a conventional manner using a
continuous outer cylindrical electrode for one potential
surface and the inner cylindrical electrode for the seécond
The inner eleétrodé connecting wire
would thén be passed through a hole that would be pro-
vided through the loading weight 28 in order to permit
electrical connection to be established between the inner
surface of the cylinder and the terminals 44.

While there has been shown and described several
specific 'embodiments of the present invention, it will
of course, be understood that varicus modifications and
alternative constructions may be made without departing
There-
fore, it is intended by the appended claims to cover all

" such modifications and altérnative constructions as fall
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alternating potentials are applied to the electrodes 26,

the crystal plate will vibrate correspondingly in a man-
mer well known in the art. Advantageously, a plurality
©of crystal plates 24, as shown in FIGURE 2, may be
provided with all the positive polarities connected to-
gether as shown. Suitable electrical conducting leads 7¢
and 72 conect the crystal plate electrodes 26 to the
terminals 44 so that electrical operating power may be
supplied to the transducer, through the cable 46.

As an alternate transducer material which may be
utilized in the invention, the crystals of FIGURE 2 may
be replaced by other materials, as for example, a stack
of magnetostrictive elements or by a polarized poly-
crystaline ceramic such as barium titanate or lead zir-
conate as illustrated in FIGURE 3. As shown in FIG-
URE 3, the crystal plates 24 of FIGURE 2 have been
replaced by the polarized ceramic cylinder 74. The load-
ed ceramic cylinder 74 will operate at reduced resonant
frequency for the same reason described abeve with the
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within their true spirit and scope.
What is claimed as the invention is: _
L. The improvement of an electroacoustic transducer

“assembly for genierating underwater sound comprising the
- combination of electromechanical transducer means hav-

ing first and second plane surfaces spaced from each
other and capable of being set into vibration by the appli=
cation of an alternating current to said transducer meafis,
a fixed housing structure defining an enclosure for said
transducer means, a vibratile plate‘ﬂexibly'm()unted 1o

~said housing structure, and secured to said. first plane

surface of said transducesr means, a solid weight member

“having a plane surface secured to said second plane sur-

face of said transducer means, flexible suspension means
for supporting said solid weight member in said housing
structure, a flexible chamber member defining an exte-
riorly sealed compartment, said exteriorly sealed com-

-partment being in internal fluid communication with the

enclosure of said housing structure through a passageway
formed in said housing structure, a fluid disposed within
the enclosure of said housing structure and within said
exteriorly sealed compartment, said fluid being capable of
casily flowing between the enclosure of said housing
structure and the exteriorly sealed compartment, and
electrical terminal means on said housing structure for
connecting external electrical power to said transducer
means.

2. The improvement of an electroacoustic transducer
assembly for generating underwater sound comprising the
combination of electromechanical transducer = means
capable of being set into vibration by the application of
an alternating current, a fixed housing structure deﬁm’ng
an tanclosure, for said transducer means, a vibratile plate
flexibly mounted to said housing structure and secured
to said transducer means, a solid weight member attached
to said electromechanical transducer means, flexible sus-
pension means for supporting said solid weight member
from' said housing structure, a flexible chamber member
defining an exteriorly sealed compartment, said exteridrly
sealed compartment being in fluid communication with
the enclosure of said housing structure through a passage-
way formed in said housing structure, a fluid disposed
within the enclosure of said housing structure and within
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said exteriorly sealed compartment, said fluid being capa-
ble of easily flowing between the enclosure of said hous-
ing structure and the sealed compartment through said
passageway, and electrical terminal means on said hous-
ing structure for connecting external electrical power to
said transducer means.

3. The improvement of an electroacoustic transducer
assembly for gemerating underwater sound comprising
the combination of electromechanical transducer means
capable of being set into vibration by the application. of
an alternating current, a fixed housing structure defining
an enclosure for said transducer means, a vibratile plate
flexibly mounted to said housing structure and secured
to said transducer means, said vibratile plate being formed
with cellutar inclusions of gas to reduce the density of
said plate, a solid weight member attached to said electro-
mechanical transducer means, flexible suspension means
supporting said solid member from said housing structure,
a flexible chamber member defining an exteriorly sealed
compartment, said sealed compartment being in fluid
communication with the enclosure of said housing struc-
ture through a passageway formed in said housing struc-
ture, a fluid disposed within the enclosure of said housing
structure and within said sealed compartment, said fluid
being capable of easily flowing between the enclosure of
said housing structure and the sealed compartment through
said passageway, and electrical terminal means on said
housing structure for connecting external electrical power
to said transducer means.

4. The improvement of an electroacoustic transducer
assembly in accordance with claim 3 wherein said housing
structure and sealed enclosure are filled with a. liquid.

5. The improvement of an electroacoustic transducer
assembly for generating underwater sound comprising
the combination of electromechanical transducer means
having first and second spaced apart plane surfaces capa-
ble of being set into vibration by the application of an
alternating current, a fixed housing structure defining an
enclosure for said transducer means, a vibratile plate
flexibly mounted to said housing structure and attached
to said first plane surface of said transducer means, a
solid weight member having a plane surface attached to
said second plane surface of said electromechanical trans-
ducer means, flexible suspension means for supporting
said solid weight member in said housing structure, and
electrical terminal means on said housing structure for
connecting external electrical power to said transdicer
means. )

6. The improvement of an electroacoustic transducer
assembly in accordance with claim 5 wherein said vibratile
plate is formed with cellular inclusions of gas to reduce
the density of said plate.

7. The improvement of an electroacoustic transducer
assembly in accordance with claim 5 wherein one face of
said vibratile plate is exposed to the exterior of said hous-
ing structure and further comprising a flexible water
impervious material covering the exposed face of said
vibratile plate.

8. The improvement of an electroacoustic transducer
assembly for generating underwater sound comprising
the combination of electromechanical transducer means
formed of a plurality of stacked piezoelectric plates capa-
ble of being set into vibration by the application of an
alternating current, a fixed housing structure defining an
enclosure for said transducer means, a vibratile plate flex-
ibly mounted in said housing structure and attached to
said transducer means, a weight member attached to said
electromechanical transducer means, flexible suspension
means for supporting said weight member from said hous-
ing structure, a flexible chamber member defining an
exteriorly sealed compartment, said sealed compartment
being in fluid communication with the enclosure of said
housing structure through a passageway formed in said
housing structure, a fluid disposed within the enclosure
of said housing structure and within said sealed com-
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partment, said fluid being capable of easily flowing be-
tween the enclosure of said housing structure and the
sealed compartment through the passageway and elec-
trical terminal means on said housing structure for con-
necting external electrical power to said transducer means.

9. The improvement of an electroacoustic transducer
assembly for generating underwater sound comprising
the combination of electromechanical transducer means
formed of polarized ceramic material capable of being
set into vibration by the application of an alternating
current, a fixed housing structure deéfining an enclosure
for said ‘transducer means, a vibratile plate flexibly
mounted to said housing structure and attached to said
transducer means, a weight member secured to said
electromechanical transducer means, flexible suspension
means for supporting said weight member from said
housing structure, a fiexible chamber member defining a
sealed compartment, said sealed compartment being in
fizid communication with the enclosure of said housing
structure through a bassageway formed in said housing
structure, a fluid disposed within the enclosure of said
housing structure and within said sealed compartment,
said fluid being capable of easily flowing between the
enclosure of said housing structure and the sealed com-
partment through said passageway and electrical terminal
means on said housing structure for connecting external
electrical power to said transducer means.

16. The improvement of an electroacoustic transducer
assembly in- accordance with claim 9 wherein said
polarized ceramic material is in the form of a polarized
ceramic cylinder having first and second plane surfaces
respectively at opposite ends of the cylinder, said first
plane surface being attached to said vibratile plate and
said second plane surface being attached to said solid
weight member.

11. The improvement of an electroacoustic transducer
assembly in accordance with claim 18 wherein said
polarized ceramic cylinder is provided with at least two
electrically separated metallic eléctrodes,

12. The improvement of an electroacoustic transducer
assembly for generating underwater sound’ comprising
the combination of eleciromechanical transducer means
having a pair of parallel plane surfaces capable of being
set into vibration by the application of an alternating
current, a fixed housing structure defining an enclosure
for said transducer means, a vibratile plate flexibly
mounted in said housing structure and attached to one of
said parallel plane surfaces of said transducer means, a
weight member secured to the other parallel plane sur-
face of said electromechanical transducer means; flexible
suspension means for supporting said weight member
from said housing means, a flexible chamber member
defining a compartment, said compartment being in fluid
communication with the enclosure of said housing struc-
ture, a fluid disposed within the enclosure of said housing
means and within said compartment, said fluid being
capable of easily flowing between the enclosure of said
housing structure and the compartment.

13. The improvement of an electroacoustic transducer
assembly in accordance with claim 12 characterized in
that said weight member is of greater mass than said
vibratile plate.

14. The improvement of an electroacoustic transducer
assembly for generating underwater sound comprising
the combination of electromechanical transducer means
having first and second, spaced-apart, parallel plane sur-
faces, electrical conductor means connected to said trans-
ducer means for applying an alternating current to set
the transducer means into vibration, a housing structure
defining an enclosure for said transducer means, a vibratile
plate - flexibly mounted in said housing structure and
attached to said first parallei plane surface of said elec-
tromechanical transducer means and a weight member
secured to said second parallel plane surface of said
electromechanical transducer means:
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15. The improvement of an electroacoustic transducer tromechanical transducer means is maintained under a
assembly in accordance with claim 14 wherein the mass static pressure bias between said vibratile plate and said
of said weight member is greater than the mass of said weight member.

vibratile plate. No references cited.

16. The improvement of an electroacoustic transducer

assembly in accordance with claim 14 wherein said elec- CHESTER L. JUSTUS, Primary Examiner.




