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ABSTRACT OF THE DISCLOSURE

An electromechanical transducer having broad band
audio response for use as an uaderwater loudspeaker.
The transducer includes an open-ended hollow piston hav-
ing an electromechanical driving element positioned lon-
gitudinally in the interior of the piston with one end of
the element rigidly supported and the other end being
substantially unsupported and in contact with a compli-
ance element on the inner end of the piston.

This invention relates to an electromechanical trans-
ducer., More particularly, this invention relates to an
electromechanical transducer which is adapted for receiv-
ing or transmitting sonic emergy from a body of liquid
such as water.

Previously, considerable difficulty had been experienced
in producing satisfactory underwater transducers having
broadband audio response suitable for use as an under-
water loudspeaker. In general, previous devices operated
at too high a frequency for voice or music. Also, these
previous devices were generally of excessive weight and
size.

It is an object of this invention to provide an electro-
mechanical transducer capable of operating in the range
of from about 150 cycles to 4,000 cycles per second.

It is an object of this invention to provide a relatively
lightweight electromechanical transducer capable of op-
erating under water in the range of from about 150 cy-
cles to 5,000 cycles per second with nearly uniform re-
sponse. .

Broadly, the electromechanical transducer of this in-
vention comprises a stepped sonic energy radiating means
which has a hollow interior, a closed end and an open
end. An electromechanical transducer or driving element
is rigidly supported in the hollow interior of the stepped
sonic emergy radiating means. A compliance element is
positioned in contact with the interior surface of the
closed end of the sonic energy radiating means. The op-
posite side of the compliance element is in contact with
the transducer element.

In order to work effectively, men must be able to com-
municate with one another. In working under water, this
is extremely difficult because normal speech is impossible.
According to this invention, an electromechanical trans-
ducer is provided which serves both as a hydrophone and
an underwater loudspeaker. This device is useful for
audio communications underwater for training purposes,
for safety purposes, for coordinating the efforts of work-
men, for entertainment purposes, for experimentation
with marine life and underwater acoustic measurement
and calibration. The electromechanical transducer of this
invention may be used as a high force driver, for exam-
ple, to determine the resonance of a structure.

When desired, a number of electromechanical trams-
ducers of this invention may be employed together to
increase the volume of sonic enmergy radiated or to in-
crease the bandwidth of the radiation.

The use of a stepped sonic energy radiating means in
the electromechanical transducer of this invention is par-
ticularly important in that this reduces the overall weight
of the electromechanical transducer and aids in obtaining
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a broader operating bandwidth in the vicinity of the
fundamental resonant frequency of the device.

For a more complete understanding of this invention,
reference is made to the following drawings in which:

FIG. 1 is a cross-sectional view of an electromechanical
transducer of this invention;

FIG. 2 is a perspective view of the exterior of the elec-
tromechanical transducer shown in FIG. 1;

FIG. 3 is a side elevation of a polycrystalline piezo-
electric cylinder useful as the electromechanical trans-
ducer element used in this invention and a portion of a
wiring diagram;

FIG. 4 is an exploded perspective view of an electro-
mechanical transducer of this invention;

FIG. 5 is a cross-sectional view of two stepped sonic
energy radiating means of this invention in which the
steps are tapered;

FIG. 6 is a cross-sectional view of two sonic energy
radiating means of this invention which have a plurality
of steps;

FIG. 7 is a cross-sectional view of two sonic energy
radiating means of this invention which have general
hemispheric configurations with a piston step about the
circumference of each thereof;

FIG. 8 is a plan view of a sonic emergy radiating
means which has hexagonal radiating surfaces;

FIG. 9 is an enlarged cross-sectional view of a sealing
and energy absorbing means between the mating surfaces
of two piston steps;

FIG. 10 is an enlarged cross-sectional view of a sealing
and energy absorbing means between the mating surfaces
of two piston steps.

Referring particularly to FIG. 1 there is shown an
electromechanical transducer of this invention which is
symmetrical about node plate 10. An elongated piezo-
electric cylinder 12 is positioned axially between nocde
plate 10 and compliance element 14, Piezoelectric cylin-
der 12 is bounded to node plate 10 and is securely po-
sitioned on the inward face of compliance element 14 by
shoulder 16. Compliance element 14 has a generally disc
shaped configuration and is provided at its periphery with
an outwardly extending flange 18 which contacts the in-
ward face of piston end 20 of a stepped piston indicated
generally at 22. Stepped piston 22 serves as a sonic energy
radiating means. Compliance element 14 is separated
from the interior face of piston end 28 by gap 24 except
at flange 18.

In addition to piston end 29, stepped piston 22 is pro-
vided with piston side wall 26 and piston step 28. Pref-
erably, piston end 20, piston side wall 26 and piston step
28 are welded together or cast as one integral unit. Ele-
ment 30 is an electrical transformer for stepping up the
voltage applied, to piezoelectric element 12. The other
half of the electromechanical transducer is substantially
identical to the half just described. A stepped piston in-
dicated generally at 32 is connected at its inward face
to a compliance element 34 which is in turn connected
to piezoelectric element 36 which is bonded to node plate
16. Compliance elements 14 and 34 are secured together
by stress bolt 38. A space 40 is provided between co-
axially aligned stepped pistons 22 and 32. Space 40 is
sealed with an energy absorbing seal 42. Seal 42 serves
to seal the interior of stepped pistons 22 and 32 as well
as providing an energy absorbing member between these
two pistons. Piston end 20 and the exterior surface of
piston step 28, which surface is parallel to said piston end
20, are the radiating surfaces for stepped piston 22. Very
little sonic energy radiates from side wall 26. '

Referring particularly to FIG. 2 there is illustrated a
perspective view of the exterior of the electromechanical
transducer shown in section in FIG. 1. In FIG. 2 the ends
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of the recessed bolts 44 are shown in piston end 20. Re-
cessed bolts 44 hold piston end 20 and flange 18 together.
Referring particularly to FIG. 3 there is shown one
embodiment of piezoelectric element 12, shown in situ in
FIG. 1 in which silver stripes 46 are shown on the bare
surface 48 of this polycrystalline piezoelectric element.
Alternate silver stripes 46 are connected in parallel by
flexible electric wires 45. Flexible wires 45 are connected
to the secondaries 47 of a step-up transformer. The pri-
mary windings 49 are connected to an amplifier, not
shown. If more than one polycrystalline piezoelectric ele-
ment is employed, flexible wires 45 are also connected
to the additional polycrystalline piezoelectric elements.
Referring now particularly to FIG. 4, there is illus-

trated an exploded perspective view of the node piate 10, |

piezoelectric element 12, compliance element 14, and
stepped piston 22 of this invention. These elements are
shown assembled in FIG. 1.

Referring particularly to FIG. 5 there is illustrated an
embodiment of this invention in which the stepped piston
indicated generally at 50 has a tapered side wall 52, and
a tapered piston step 54. Space 56 is sealed by a hollow
O ring 58 which is positioned between stepped piston 50
and stepped piston 60. The hollow O ring 58 sets in a

recess 62, in piston step 54. Adequate sealing is provided ¢

by the single groove in stepped piston 50, no correspond-
ing groove is necessary in stepped piston 60. The exterior
surface of the end of the piston and the exterior surface
of the piston step 54 are the same energy radiating sur-
faces of this piston. Very little sonic energy radiates
from side wall 52.

Referring particularly to FIG. 6 there is illustrated a
stepped piston indicated generally at 64 which has a plu-
rality of piston steps. Piston steps 66 and 68 are joined
to one another through piston side wall 70 and piston
step 68 is joined to piston end 72 by piston side wail 74.
Piston end 72 and piston steps 66 and 68 provide the
radiating surfaces for this piston. The space 76 between
the two pistons is sealed with a center member or support
flange 78 which has energy absorbing hollow O rings 73
and 75 on either side thereof set in recesses in the mating
surfaces of each of the piston steps and liquid seals 77
and 80 set in recesses in support flange 78. Support flange
78 may be affixed to a suitable mounting means not
shown.

Referring particularly to FIG. 7 there is illustrated an ¢

embodiment of this invention in which the sonic energy
radiating means are in the form of stepped hemispheres.
Stepped piston 82 has a continuous hemispherical wall
84 which serves in different portions as both the piston
side wall and piston end. Hemispherical wail 84 termi-
nates in piston step 86. Hemispherical stepped pistons in-
dicated generally at 82 and 88 are separated from one
another by space 90 and the opening provided by space 90
is sealed with an energy absorbing seal 92. Seal 92 is a

resilient flexible elastomeric ring extending around the :

ciccumference of the piston steps 86 and 94. A single
electromechanical driving element 79 is secured by stress
bolt 81 between first compliance element 83 and second
compliance element 85. Compliance elements 84 and 85
are of identical configuration. The configuration of com-
pliance element 83 will be described and it will be under-
stood that this description applies equally to compliance
element 85. Compliance element 83 is provided with an
annular mating surface 87 which rests against and con-
forms to the shape of the inner surface of hemispherical
wall 84. The open end of driving element 79 fits over
and is securely positioned in place by a generally disc-
shaped projection 89 which is formed in the inward fac-
ing side of compliance element 83, concentrically with
annular surface 87. The outwardly facing surface of com-
pliance element 83 is provided with a generally disc-
shaped stiffener 91 which projects outwardly from the
surface and is concentric with annular surface 87. Stiff-
ener 91 inhibits the bending of compliance element 83 in

the region where it contacts driving element 79, thus con- 7
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tributing to the maintenance of good contact between ele-
ments 79 and 83. Annular surface 87 may be secured to
stepped piston 82 by means not shown, including, for ex-
ample, mechanical fasteners such as screws and bolts,
bonding agents, adhesives and the like.

Referring particularly to FIG. 8 there is illustrated an
embodiment of this invention in which the stepped piston
96 has a hexagonal configuration. The stepped piston is
shown as viewed axially from the exterior of the piston.
The recessed bolts by which piston end 98 is connected
to a compliance element are clearly shown at 100. The
hexagonal configuration is also carried by piston step 102.

Referring particularly to FIG. 9 there is illustrated a
preferred embodiment of an energy absorbing seal in en-
larged cross-section. Piston steps 104 and 106 are spaced
apart from one another by space 108, which space is
sealed by the resilient band 110 and the hollow resilient
O ring 112. Resilient band 110 is set in recesses 114 and
116 of piston steps 104 and 106, respectively. The hollow
O ring 112 is set in recess 118 in piston step 104.

Referring particularly to FIG. 10 there is illustrated
a seal between piston steps 120 and 122 sealing space 124
between these piston steps. An elastomeric band 126 hav-
ing in general an E-shaped cross-section completely sur-
rounds the periphery of piston steps 120 and 122. Legs
128 and 130 of elastomeric band 126 are set in recesses
132 and 134 in piston steps 120 and 122, respectively.

In general, the radiating surfaces are those exterior sur-
faces of the sonic energy radiating means which are gen-
erally perpendicular to the direction of vibration of the
electromechanical transducer element. The sonic energy
radiating means should be rigid enough to insure that all
of the radiating surfaces move in unison. The use of
stepped sonic energy radiating means improves the radia-
tion loading with a minimum addition of vibratory mass,
overall weight and size. In general, the several elements of
the total radiating surface of the sonic energy radiating
means should have approximately equal area and be dis-
placed from one another by a distance comparable to the
diameter of the outermost surface. Tn general, such dis-
tance should be from about 0.5 to 1.5 times such diameter
and the area of one step may vary as much as about 0.5
and 1.5 times the area of the other step. For the transducer
shown in FIG. 1, the addition of step 28 to piston end 20
increases the radiating area by a factor of about 1.8. This
change increases the radiation resistance by a factor of
about 3.2. Also, the stepped piston exhibits approximately
half the radiation mass expected of a simple piston in an
infinite baffle.

Since in general the largest step on the sonic energy
radiating means is positioned adjacent the open end, the
interior surface of this step provides a convenient location
for the placement of a seal or energy absorbing means.
Sealing between two sonic energy raidating means is con-
veniently accomplished by the use of hollow rubber O
rings. These hollow O rings allow the sonic energy radiat-
ing means to pulsate over a considerable range of travel
without breaking the seal and with a minimum of energy
required to deform the rings. When desired, the hollow
rings may be so constructed that they also serve as energy
absorbing devices.

When it is desired to dampen the resonance of the elec-
tromechanical transducer element, this can be conven-
fently accomplished by coating the transducer element
with energy absorbing material. When the electrome-
chanical transducer element is a hollow piezoelectric cyl-
inder, the interior of the cylinder may be filled with energy
absorbing material if desired. Suitable energy absorbing
materials include, for example, rubber, cork, polyurethane
compounds and the like.

As illustrated in the drawings, the electromechanical
transducer or driving element is an elongated piezoelectric
eylinder. This invention is not limited to any particular
electromechanical transducer or driving element, for ex-
ample, piezoelectric cylinder 12 can be replaced by any
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driving element which has an electrical response reflecting
longitudinal stress fluctuations therein. Suitable electro-
mechanical driving elements include for example, mag-
- petostrictive devices, stacked piezoelectric crystal ele-
ments, motor-driven devices and the Iike.

When it is desired to use only one sonic energy radiat-
ing means, node plate 10 (see FIG. 4) is replaced by a
heavy rigid structure, often referred to as a backing mass,
and only one stepped piston is used with a mechanical
transducer element in the interior thereof. The stepped
piston is sealed to the rigid structure with a resilient seal
such as that shown, for example, in FIG. 5. One end of
the electromechanical transducer element is rigidly at-
tached to the backing mass while the other end is affixed to
the stepped piston through a compliance element. The
stepped piston is resiliently mounted so that it can fluc-
tuate in response to the stress fluctuations in the trans-
ducer element. The backing mass may be recessed in the
area of the transducer element to permit the use of a
longer element.

When first and second sonic energy radiating means are
employed, each having an electromechanical transducer
element in the interior thereof, the two electromechanical
transducer elements are balanced against a node plate,
so that only the outer ends of the elements are free to
transmit fluctuations to the pistons. Because they are bal-
anced each transducer element is rigidly supported by the
node plate.

The use of a compliance element causes the transducer
to resonate at a lower frequency and also increases the
power output of some versions of the transducer by im-
proving the loading of the driving element. Preferably,
the compliance element is in the general form of a disc
which has a flange extending outwardly from the first face
of the disc. In general, this flange should be at or about
the periphery of the disc. This flange is adapted to con-
tact the interior side of a radiating surface of the sonic
energy radiating means. Preferably, the outwardly ex-
tending flange is radially disposed as far from the center
of the compliancec element as the interior dimensions of
the sonic energy radiating means will permit. In general,
only the flange portion of the compliance element contacts
the sonic energy radiating means.

The second side of the generally disc shaped compliance
element is adapted to contact the electromechanical trans-
ducer element. When the transducer element is a piezo-
electric cylinder, the diameter of the cylinder is preferably
substantially less than that of the outwardly extending
flange. The outwardly extending flange on the compliance
elements supports the interior side of a radiating surface
as would a larger piezoelectric cylinder.

Compliance elements in the form of discs may be slotted
for higher compliance if desired. Several discs can be used
in tandem as compliance elements. The compliance ele-
ments can be made integral with the sonic energy radiat-
ing means if desired. In general, in order to obtain a low
resonant frequency, a wide bandwidth response and an
overall lightweight structure, the area of the sonic energy
radiating means should be maximized and the length of
the piezoelectric element, when piezolelectric cylinders or
slabs are used, should be relatively long and of small cross-
section. In general, the ratio of the cross-sectional area of
the actual material of the piezoelectric cylinders or slabs,
measured in a direction parallel to the radiating surfaces,
to the exterior area of the radiating surfaces ranges from
about 20 to 200 and preferably from about 100 to 200.

As will be understood by those skilled in the art, what
has been described are preferred embodiments of this in-
vention; however, changes and modifications may be made
therein without departing from the spirit and scope of the
accompanying claims.

‘What is claimed is:

1. An electromechanical transducer comprising:

a piston having an open end, a closed end, and a hollow

interior;
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an electromechanical driving element positioned in said
hollow interior of said piston, one end of said ele-
ment being adapted to be rigidly supported and the
other end being substantially unsupported;

a force-transmitting compliance element in contact with
the interior surface of said closed end and said un-
supported end of said driving element.

2. The electromechanical transducer of claim 1 where-

in said piston is a stepped piston.

3. The electromechanical transducer of claim 1 where-
in said compliance element has a generally disc-shaped
configuration with an outwardly extending flange at about
the periphery thereof, said compliance element being in
contact with said interior surface of said closed end
only through said flange.

4. The electromechanical transducer of claim 1 where-
in said piston is of hemispherical configuration provided
with piston steps adjacent said open end.

5. The electromechanical transducer of claim 1 where-
in said piston is a stepped piston with the largest diam-
eter step positioned adjacent said open end, said open
end being positioned adjacent a backing mass;

a resilient seal adapted to be positioned between said
open end and said backing mass to seal said hollow
interior.

6. The electromechanical transducer of claim 1 where-
in said hollow interior is sealed with a resilient seal, which
seal comprises a hollow O ring retained in a groove in
a surface at the open end of said piston.

7. An electromechanical transducer comprising:

a first stepped piston having an open end, a closed end,

and a hollow interior;

a second stepped piston having an open end, a closed
end, and a hollow interior, said stepped pistons be-
ing positioned coaxially with, and slightly apart from
one another with the open ends facing one another;

a resilient seal between said open ends;

a first electromechanical driving element positioned in
said hollow interior of said first stepped piston;

a second electromechanical driving element positioned
in said hollow interior of said second stepped pis-
ton; and

a node plate positioned between said open ends, said
first and second electromechanical driving elements
being balanced against said node plate.

8. The electromechanical transducer of claim 7 in-
cluding a center member positioned between said stepped
pistons and a resilient seal between each of said open
ends and said center member.

9. The electromechanical transducer of claim 7 in-
cluding:

a first compliance element in contact with the interior
surface of the closed end of said first stepped piston
and said first driving element; and

a second compliance element in contact with the in-
terior surface of the closed end of said second stepped
piston and said second driving element.

10. An clectromechanical transducer comprising:

a first stepped piston having an open end, a closed end,
and a hollow interior;

a second stepped piston having an open end, a closed
end, and a hollow interior, said step pistons being
positioned coaxially with and slightly apart from
one another with the open ends facing one another;

a first compliance element in contact with the interior
surface of the closed end of said first stepped piston;
and

a second compliance element in contact with the in-
terior surface of the closed end of said second
stepped piston;

a resilient seal between said open ends;

an electromechanical driving element positioned in said
hollow interiors of said first and second stepped
pistons, one end of said driving element being in
contact with said first compliance element and the
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other end of said driving ciement seing n contact 1304534 /1967 SykeS oo 340—10
with said second compliance :iement. 3308423 3/1967 Massa oo 340—8
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