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"The present invention relates to a tuned com-
pressional wave vibrator in which the interchange
of energy between mechanical and electrical os-
cillations is obtained through a piezoelectric crys-
‘tal of the Rochelle salt or other similar type.

The principles of the present invention may be
applied either to.a unit of a small radiating sur-
face, in which case the vibrator tends to be non-
directional or to a vibrator which has large linear
dimensions in comparison to the wave length to
be transmitted in the propagating medium which
may ‘be air or water, but preferably water, to
which the present invention is readily adapted.

In the present invention the piezcelectric oscil-
lator is so.arranged that it is vibrated or vibrates
‘longitudinally in response to the application of
oscillating or varying electrical potential across
opposite faces of the crystal perpendicularly to
thelongitudinal vibrations. The crystal as a lon-
gitudinal vibrator is made to vibrate by compres-
sional wave forces exerted at the crystal ends
which act to vary the crystal length. Further,
in order to eliminate spurious modes of vibrations
it is desirable that the frequency of the lowest
‘longitudinal mode of the crystal be higher than
the operating frequency of the oscillatory struc-
ture in which it is mounted.

‘In the present invention the crystals may be
arranged in triangular, rectangular, hexangular
or other group patterns and these units, each
comprising a single longitudinal vibratory struc-
ture, may be nested together on a plate which is
designed so that the mass of the plate associ-
ated with each structure produces the desired
sharpness of resonance. As the groups are dis-
tributed over the whole surface of the plate, the
radiating face of the plate is vibrated in unison
over its whole surface even though the plate is
not inherently stiff enough itself to act as a piston.

The merits and advantages of the present in-
vention will be more fully learned and understood
from the description in this specification of an
embodiment of the same described in connection
with the drawings in which Fig. 1 shows g sec-
tional elevation through the center of the device
taken on the line (—{ of PFig. 2; Fig. 2 shows a
plan view as seen from the top of Fig. 1 with the
back casing removed; Fig. 3 shows a perspective
view of one of the units of Figs. 1 and 2; Fig. 4
shows.a detailed section taken on the line 4-——4
of Fig. 2; Fig. b shows an elevation of a single
“unit .as viewed in the direction of the arrow 5
of Fig. 2; Fig. 6 shows a perspective view corre-
'sponding to Fig. 3 of a rectangular unit; and Fig.
7 shows in section a further modification.

In Figs. 1 .and 2 there is a plurality of units
8, .8, 8, etc., mounted in hexagonal fashion on
a -heavy plate 9 the opposite side of which may
*be in- contact with water and serve as the radi-
ating surface providing thereby a proper seal so
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that the vibrating elements operate in air. The
plate 9 is supported through a thin flange 18.and
a heavy periphery ring {{ to the .casing {2 by
means of a series of bolts i3 spaced around the
flange. A gasket [i’ hetween the flange ii and
casing makes the casing watertight. The units
8 are nested together in & hexagonal pattern in
such a way as to substantially cover the plate 8
which itself is hexagonal in shape. For other
forms of plates different nestings and arrange-
ments of units may be employed and the rectan-
gular unit shown in Fig, 6, for instance, will cover
a rectangular plate surface more completély than
the unit of Fig. 3. The unit 8, which may be
made from & solid piece of material, has a tri-
angular center section 14§ with flat faces {4’ which
may have a plurality of outwardly projecting ribs
i6 which keep the piezoelectric crystal 16 from
resting against the wall surface {4’ and thereby
reducing frictional forces between the crystal and
this surface. At the ends cof the triangular sec-
ticn {4 there are provided mass sections {7 and
18, each having outwardly exiending flanges.
The elements IT and (8 are preferably of sub-
stantially the same shape as the triangular sec-
tion 14, This manner of construction of the unit
8 permits the mounting of three piezoelectric
crystals one against each face {4’ of the triangu-
lar .section. These crystals 16 are cemented
against the ribs 15 and to the surfaces of the end
bearing projecting flanges in such a way that
they are firmly fixed to the metallic structure so
that no play can exist between the flange and
the ends of the crystal. These crystals are so cut
that changes in length brought about by varying

pressures applied lengthwise of the crysials at

their upper and lower ends will set up electrical
variations in potential between the electrodes {8
and 28 mounted on opposite crystal faces.

Each unit is supported to the plate in the man-
ner indicated in Fig. 4. A hole 2{ is bored
through the center of the unit and at the lower
end is provided with a shoulder 22 against which
the head of the screw 23 bears as it is screwed
into the plate 24. It is also essential to cement
the unit to the plate between the contacting sur-
faces at 25 as it is essential to provide a contin-
uous .acoustic path to make the plate 24 a part
of the longitudinal vibratory acoustic structure.

Cther methods of coupling the unit § to the
plate may be employed as, for instance, a fluid
coupling of some plastic or viscous material.
However, the method indicated here has proved
to be preferable in this construction.

The crystals mounted in each unit may be con-
nected in parallel or series parallel by proper
insulation of the crystal electrodes. In this case
the electrodes 8 on the outside surfaces of the
unit may be all connected together by a band 26
which is connected to a terminal connector 27
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mounted by means of the insulating block 29 on
the flat surface 28 at the junction of the faces
of the triangular section. The metal of the unit
itself forms the connection for the electrodes on

the inner faces of the crystals. The electrodes

may also be extended to form leads.

In the unit shown in Fig. 6 the structure is

quite similar to that in Fig, 3 with the exception
that the unit provides only two crystals 30 and
31, one on each of two opposite faces of the unit.
The unit 32 of Fig. 6 is provided with end masses
33 and 24 which have projecting flanges 35 hang-
ing over and bearing upon the ends of the crys-
tals. In the operation of the device the metallic
structure of the unit 8 with its base portion as,
for instance, the section indicated by 24 in Fig. 4,
forms a longitudinal vibratory structure at a
definite resonant frequency.

The nodal point may either be between the
lines A and B, referring to Fig. 4, or the nodal
point may be outside of this section although
where the units are attached to a large diaphragm
or plate in order to prevent transverse vibra-
tions in the plate, it is for the most part desirable
to have the nodal peint outside or practically out-
side of the large plate. )

In order to reduce spurious vibration modes
at high frequencies the crystal 18 is cemented at
its ends to the metallic flanges and the natural
crystal frequency is chosen to have a lengitudinal
reschance well above that of the resonance of
the metallic vibratory structure. Since, however,
the crystal itself is firmly united with the metallic
element to form a single unitary structure, the
unit when assembled has only a single resonant
point. which is close to the resonance of the me-
tallic system.

In the operation of the oscillator when the
plate 9 is vibrated at the proper resonant fre-
frequency for the system, longitudinal vibration
is set up in the unit 8, compressing and expand-
ing the crystals {5 by action at their ends where-
by the crystals 16 expand and follow the motion
of the surfaces A and B. The end surfaces of
the crystal will always keep in contact with the
surfaces of the metal., When the metallic unit
is vibrated, electrical potentials:are set up across
the electrodes t9 and 206; and conversely when
electrical potentials are set up across the elec-
trodes as when the device is used for transmit-
ting compressional waves, the ends of the crystals
exert pressure against the metallic surfaces A
and B and produce longitudinal vibrations of the
unit 8 in the plate 9.

In Fig. 7 a unit is shown in which the lower
bearing surface for the crystals 49 and &1 is fur-
nished by the plate 42 of the radiating member
against which the crystals are cemented. The
mechanical unit 43, which with the plate 42 is
designed to form a resonant structure at the
desired frequency, is held to the plate in the same
way as explained above by means of the screw
44 which is screwed into the plate.

Having now described my invention, I claim:

1. A piezoelectric oscillator adapted to be used
for transmitting and receiving compressional
waves comprising a resonant longitudinally vi-
bratory element having a recess with the shoul-
ders of the recess at opposite sides of a node in
the longitudinal system, a piezoelectric -crystal
having its ends cemented to said shoulders, said
crystal having its mechanical axis parallel to the
plane of longitudinal vibration and its electric
axis transverse thereto.

2. A piezoelectric oscillator adapted to be used

4

for transmitting ‘and receiving compressional
waves comprising a resonant longitudinally vi-
bratory element having a recess with the shoul-
ders of the recess at opposite sides of a node in
the longitudinal system, a piezoelectric crystal
having its ends cemented to said shoulders, said
crystal having its mechanical axis parallel to
the plane of longitudinal vibration and its elec-
tric axis transverse thereto, said crystal having a
natural free resonance above that of the longi-
tudinal vibratory unit.

3. A piezoelectric oscillator adapted to be used
for transmitting and receiving compressional
waves comprising a resonant longitudinally vi-
bratory member formed with two end masses
substantially greater than the portions of the
member between the ends, a piezoelectric crys-
tal mounted upon said member with its ends bear-
ing upon said masses, the composite longitudi-
nally vibratory structure so formed having a
node between said end masses and having a res-
onant frequency substantially lower than that
of the free resonant frequency of the piezoelectric
crystal by itself.

4. A piezoelectric oscillator adapted to be used
for transmitting and receiving compressional
waves comprising a resonant longifudinally vi-
bratable metallic structure having a central ele-
ment with elements formed at each end provid-
ing heavier masses than the central element,
said metallic structure having a node in said
central element at the resonant frequency, said
end masses forming parallel bearing surfaces, a
piezoelectric crystal mounted between said bear-
ing surfaces, said crystal being adapted to pro-
duce electrical variations between electrodes po-
sitioned in' a plane substantially normal to the
planes of said bearing surfaces.

5. In a piezoelectric compressional wave oscil-
lator, an oscillator unit comprising a plurality of
piezoelectric crystals, a longitudinal structure
having a substantially rectangular sectional
shape with a plurality of mounting surfaces form-
ing the faces of said rectangle, said unit having
flanges extending at each end of the crystal, said
piezoelectric crystals each mounted on one of
said faces, said crystals having their ends and
side cemented respectively to the said flange sur-
faces and faces whereby longitudinal vibration of
59 said structure will produce corresponding vibra-

tions in said crystals. ’ P

6. In g piezoelectric compressional wave oscil-
lator, an oscillator unit comprising a longitudinal-
ly vibrating resonant metallic system having a

55 central longitudinal member connected to end
masses providing opposing surfaces substantial-
ly normal to the longitudinal direction and a
piezoelectric crystal mounted securely against
said opposing surfaces,

7. In a piezoelectric compressional wave oscil-
lator, an oscillator unit comprising a resonant
longitudinally vibrating metallic system having a
central longitudinal member connected by end
masses providing opposing surfaces substan-
65 tially normal to the longitudinal direction, a

plurality of piezoelectric crystals mounted se-

curely against said opposing surfaces and having

their compressional axes substantially parallel to

the longitudinal axis of the metallic vibratory
70 system,

8. In a piezoelectric compressional wave oscil-
lator, an oscillator unit comprising a resonant
longitudinally vibrating ‘metallic element sym-
metrically constructed with respect to the cen-

75 tral longitudinal axis, said element having  end

14

10

15

20

25

30

30

40

60




2,406,792

5

masses providing flange surfaces opposite one an-
other exfending around said metallic element,
and a plurality of piezoelectric crystals mounted
with their compressional axes substantially par-
allel to said longitudinal axis between said op-
posite surfaces about said element.

9. In & piezoelectric compressional wave oscil-
lator, an oscillator unit comprising = resonant
longitudinally vibrating metallic element, said ele-
ment having end masses providing flange sur-
faces opposite one another extending around said
metallic element, and a plurality of piezoelectiic
crystals mounted between said opposite surfaces
around said element with their compressional
aXes substantially parallel to the longitudinal axis
“of said element. - o ' ’ B

10. In a piezoelectric compressional wave oscil-
lator, an oscillator unit comprising a resonant
longitudinally vibrating metallic element, said
element having end masses providing flange sur~
faces opposite one another extending around szig
metallic element, and a plurality of piezoelectric
crystals mounted between said opposite surfaces
around said element with their compressional
axes substantially parallel to the longitudinal axis
of said element, said longitudinal vibratory struc-
ture providing mounting supports against which
the piezoelectric crystals rest.

11. In o piezoelectric compressional wave 0s-
cillator, an oscillator unit comprising g rescnant
longitudinally vibrating metallic element, said
structure having end masses providing flange sur-
faces opposite one another extending around said
metallic element, and a plurality of piezoelectric
crystals mounted with their compressional axes
substantially parallel to the longitudinal axis of
said element and between said opposite surfaces
arcund said element, the portion of said element
bhetween said end masses providing surfaces par-
allel to the longitudinal axis of the element, said
surfaces having a plurality of projecting ribs
against which said piezoelectric crystals rest,

12. In a piezoelectric compressional wave os-
cillator, an oscillator unit comprising a resonant
longitudinally vibrating metallic element, said
structure having end masses providing flange sur-
faces opposite one another extending around said
metallic structure, and a plurality of piezoelec~
tric crystals mounted with theif compressional
axss substantially parallel to the longitudinal
axXes between said opposite surfaces about said
structure, said structure being triangular in shape
and providing three surfaces extending parallel to
the longitudinal axis, said surfaces having pro-
jeeting ribs against which said crystals are
mounted.

13. A piezoelectric compressional wave oscil-
lator comprising a plate having g thin support-
ing web at the periphery thereof, a plurality of
oscillator units each comprising a resonant lon-
gitudinally vibrating metallic element having end
masses extending normally from the central por-
tion. of said vibratory element and providing op-
posed surfaces about the centra]l portion of the
vibratory element, a plurality of piezoelectric crys-
tals cemented securely against said opposing sur-
faces and means acting through the axis of said
longitudinal vibratory element securely holding
said element to said plate, said plate and said
oscillator unit combining to form each a resonant
longitudinal vibratable structure with a node be-
tween the radiating surface and rear surface of
the oscillator unit.

14, A piezoelectric compressional wave oscil«
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lator comprising a plate having a thin support-
ing web at the periphery thereof, & plurality of
vibrator units each comprising a resonant longi-~
tudinally vibrating metallic element having end
masses extending normally from the central por-
tion of said vibratory element and providing op-
vosed surfaces about the central portion of the
vibratory element, a plurality of piezoelectric
crystals mounted securely against said opposing
surfaces, said vibrator unit having a bore extend-
ing through the center of said unit along the
lengitudinal axis, means acting in said bore to
clamp the unit to said plate and means cement-
ing together the clamping surfaces between the
plate and said vibrator unit, said plate and said
vibrator unit combining to form each g resonant
longitudinally vibratable structure with the node
hetween the radiating surface and the rear sur-
face of the vibrator unit.

15. A piezoelectric compressional wave oscil-
lator comprising a plate having a thin support-
ing web at the periphery thereof, a plurality of
oscillator units nested together over substantially
the whole plate surface, means clamping said
oscillator units directly to said plate and each
said unit forming with the section of plate ad-
joining the end a resonant longitudinally vibra-
tory structure vibrating normal to the surface
of the plate, each of said vibratory units provid-
ing end masses, said masses having bearing sur-
faces for mounting g plurality of piezoelectric
crystals for compressional vibration with the me-
chanical axes parallel to said longitudinal axes.

16. An underwater compressional wave oscil-
iator comprising a watertight casing having one
side formed as a plate the outer face of which is
adapted to act as a radiating surface, a plurality
of vibrating elements mounted on the inner sur-
face of said plate in close proximity to each other
and each comprising a polyhedral structure hav-
ing a longitudinal axis perpendicular to said plate
and forming with g portion of said plate g reso-
nant longitudinal vibrator, said polyhedral struc-
ture having a recess in one or more faces thereof
and piezoelectric crystals mounted within said
recesses with their ends cemented to the shoul-
ders of said recesses and with their mechanical
axes parallel {o the longitudinal axis of the struc-
ture.

17. A piezoelectric oscillator adapted to be used
for transmission and reception comprising waves
including a vibrator comprising a resonant longi-
tudinally vibratable element having recesses
forming mass portions at each end of said ele-
ment and Rochelle salt piezoelectric crystals
mounted within said recesses and having their
ends abufting and acoustically joined to the
shoulders of said recesses with the mechanical
axes of the crystals paraliel to the longitudinal
direction of said element whereby the crystals
and said element form a unitary longitudinal vi-
krator having a natural fundamental resonant
frequency with a node between the ends of the
vibrator.

18. In a piezoelectric compressional wave oscil-
lator, an oscillator unit comprising a resonant
longitudinally vibrating metallic element having
recesses in a plurality of its sides, a plurality of
piezoelectric crystals mounted between and se-
curely against the shoulders of said recesses and
having their compressional axes substantially
parallel to the longitudinal axis of the metallic
vibratory element.

HUGO BENIOFF,



