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The present invention relates to the rod-mounting of
oscillating or transducing siructures. The term “trans-

“ducer” will hereinafter be used generically to indicate
{ any device capable of producing physical vibrations or

converting applied physical vibrations into some other
form of energy.

There are many instances where transducers must be
located remote from the point where the oscillations are
to be rendered active or sensed. Means must be pro-
vided for zccurately transmitting the vibrations between
the transducer and that point. Such means may com-
prise a rod, wire, or other elongated structural member
(hereinafter generically designated by the term “red”).
Tt is a prime object of the present inventicn to mount
a transducing element in such a way as to facilitate the
transfer -of vibratory energy between itself and the vi-
bration-transmitting rod.” It is a further prime object
of the present invention to simplify the construction and
arrangement of transducing assernblies.

To these ends, the transducing elements.are in the
form of plates or sheets adapted, when suitabiy actuated,
to vibrate or oscillate in a direction substantially per-
pendicuiar to their normal shap.. The plates are
mounted directly on the rod which is to transmit vibra-
tions between the transducing elements and some remote
point. ‘The rod physically supports the transducing ele-

ents, and constitutes substantiaily the entire support
therefor. The areas of these elements remote from the
points where the elements are physically mounted on
the rod are thersfore free to vibrate, the inertia of the
ransducing elements themselves conveying these vibra-

- tions to the rod.

An assembly of this type is particularly well adaptcd
for the mounting of an array of transducing elements
on a rod, the elements being appropriately spaced along
the rod so as to not to interfere with one another. By
means of such an array, appreciable amounts of power
may be handled by the assembly, while at the same time
relatively inexpensive and easily assembled units may
be produced.

While the structure of the present invention is of quite
broad applicability to any system where vibrations are
to be transmitted between remote points by means of a
rod or the like, the fact that the transducing. elements
are carried only by the rod, and that a plurality of rela-
tively small transducing elements may-be combined in an
array, makes the present invention particularly appiicable
for use in self-contained and readily: manually manipu-
latable oscillatory devices, such as probes or supersonic
drills.

In accordance with the present invention, multilaminar
plates are employed as ‘the transducing elements, those
plates being formed of materials of such types and so
arranged as to alter their physical dimensions in different
ways as electrical signals are applied thereto, the con-
joint effect of these dimensional changes being such as
to cause the plates to flex. Since the plates are sup-
ported on the rod or other structural clements substan-

~tially only at a single point, that point preferably being

at their center of mass, the vibration of these plates as
the electrical signal applied thereto varies will, because
of the inertia of the plates themselves, be transmitted to
the rod on which they are mounted, thereby causing that
rod to vibrate in a corresponding manner. In one em-
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bodiment here illustrated, the plates are formed of piezo-

electric material, two layers of which arg so polarized—

and so electricaily connected that, upon the application
of a given electrical signal to the opposite electrodes of

each layer, one layer tends to expand radially while the —~

other layer tends to contract radially. " This causes the
plate- to tend to “dish,” the maximum amplitude of the
dishing movement occurring at the center of the plate,
where it is mounted on the rod. In a second illustrated
embodiment in which the same type of movement is
realized, each transducing element is formed of a plu-
rality of layers of thermo-electric material, some of
those layers tending to expand and' others tending to
contract when a current is passed therethrough, expan-
sion or contraction depending upon the direction in
which that current flows.

Through appropriate mechanical design, the assembly
may be made to resonate at a predvtermmed frequéncy,
and it will mB§tEciently transduce oscillations at
that frequency. The resonant frequency of a given as-
sembly may be varied within limits by the application
thereto of simple leading elements which may readily
be -attached or detached.

To the accomplishment of the above, and to such
other obiects as may hereinafter appear, the present
invention relates to a transducer structure, as defined in
the appended claims, and as described in this specifi-
cation, taken together with the accompanying drawings
in which:

FIGURE 1 is a cross- -sectional view of one embodi-
ment of the present invention, the elecirical connec-
tions thereto being schematically shown;

FIGURE 2 is a schematic view of ‘the electrical con-
nections to and the electrical polarization of a single
transducing element of the assembly of FIGURE I;

FIGURE 3 is a cross-sectional view on an enlarged
scale of an alternate embodiment of the present inven-
tion;

FIGURE 4'is a fravmentary cross-sectional view illus-
trating one way in which the resonant frequency of the
transducing eclements of the embodiments of FIGURES
1 or 3 may be modified; and

FIGURES 5 and 6 are front elevational views of two
different ways in which an array of transducing elements
may be arranged and electrically connected.

In the embodiment of FIGURES 1 and 2, the indi-
vidual transducing elements, generally designated 2; are
each composed of a pair of layers 4 and 6 of piezo-electric
ceramic materisl such as barium titanate or lead zir-
conate. These layers are in the form of similarly shaped
plates or sheets, preferably circular in periphery, pro-
vided with registering apertures 8 passing therethrough,
the apertures 8 preferably being at the centers of the
sheets 4 and 6. Electrodes 19 and 12, formed of some
suitable conductive material, are provided on. the end
faces of the sheets 4 and &6, and the material of which the
sheets 4 and 6 are formed is electrically polarized as in-
dicated in FIGURE 2. The electrodes 10 and 12 are
ring-shaped, and extend only part-way toward the center
of the sheets 4 and 6, as may be seen from: FIGURE 1.
The sheets 4 and 6, compnsm* the two layers of which
the transducing element 2 is formed, are securely bonded
together as shown, and appropriate electrical connections
are made to the electrodes 19 and 12. Thus, cne ter-
minal 14 of an external circuit may be connected by
lead 16 to the abutting electrodes 18 and 12 between the
two sheets 4 and 6, while other terminal 18 of an external
circuit may be connected via leads 28 to the electrodes 18
and 12 exposed on the end faces of the bi-laminar ele-
ment 2,

Ons or more of the elements 2 are adapted to be mount-
ed on a rod 22 or othgr structural mounting member.
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The end 24 of the rod 22 is externally threaded and is
adapted to pass substantially snugly through the aper-
tures 8 in the transducing elements 2. A back-up nut 26
is positioned on the threaded rod end 24, transducing
element 2 is abutted thersagainst, a spacer 28 is posi-
tioned cn the left hand end of the transducing elements
2, another transducing element is moved into position,
and so on to desired length, the entire array of transducing
elements 2 being firmly clamped in place on the rod end
24 by means of lock nut 38, Since piezo-electric ceramic
transducer elements generally present high electrical im-
pedance at low frequencies, polarization of the bi-laminar
elements 2 to produce vibrations when electrically con-
nected in parallel is preferable, and this is the arrange-
ment shown.
In the embodiment of FIGURES 1 and 2, application
of a voltage between the common center electrodes 10,
12 and the outer electrodes 18 and 12 respectively will,
when the layers 4 and 6 are polarized as shown in FIG-
URE 2, cause one of the layers 4 or 6 tend to expand
radially while the other layer § or 4 will tend to contract
radially. Whether a given layer tends to expand or con-
tract depends upon the direction in which the voltage is
applied across that layer. These oppositely acting di-
mensional changes will cause the elements 2 to “dish” or
buckle. As the voltage applied varies (alternates), the
~degree (and direction) of this buckling will change, and
{ the element will vibrate. If the applied voltage varies
. (alternates) at the mechanical resonant frequency of the
" elements 2, highly efficient energy transducing will result.

Since the elements 2 are unsupported except insofar as
they are rigidly mounted upon the rod 22, they will cause
that rod to vibrate in a direction of its axial length, as
indiczted by the arrow 32 of FIGURE 1. The red 22
will therefore serve to mechanically transmit the vibra-
tions generated in the elements 2 to some appropriate
remote point.

When more than one transducing element 2 is secured
to the rod 22, as here specifically disclosed, the elements
2 are spaced aloag the rod 22 so as not to physically
interfere with one another as they vibrate. With such
an array of elements 2, the resonant frequency of the
array will be different from the resonant frequency of
each individual element 2 considered alone, since there
will be some acoustical interaction of the individual ele-
ments 2 of the array with one another and with the rod
end 24, but the rescnant characteristics of the elements
2 themselvss will constitute the major factor determining
the overall resonant frequency of the array.

FIGURE 3 discloses an alternate embodiment, in
which the transducing elements 2’ are formed of thermo-
electrical material. Each element 2’ comprises a center
layer 4" of P-type material such as lead antimonide, while
the outer layers 6’ bonded thereto may be formed of
N-type material such as bismuth antimonide, or vice
versa. The terminals 14 and 18 of the external electrical
circuit may be connected by leads 16’ and 28’ respec-
tively to the outer surfaces of the outer layers 6’. Since
layers 4 and 6’ are themselves conductive, they should
be insulated from the rod end 24. Hence, the apertures
8’ formed on the center of the elements 2’ are somewhat
larger than the rod end 24 which passes therethrough,
and insulating spacers 34 are located between the rod
end 24 and the inner surfaces of the apertures 8'. The
elements 2’ are separated from one another by insulating
spacers 28" and they are separated from the back-up nut
26 and lock nut 39 by insulating spacers 35 and 38 re-
spectively.  Since thermo-electrical transducer elements
generally present a relatively low electrical impedance,
they may be electrically connected in series, the facing
layers 6’ of adjacent elements 2’ being electrically con-
nected by leads 49.

With thermo-electrical transducing material of the type
here described, the passage of electrical current axially
through each composite plate 2’ will cause heating at
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one boundary between adjacent layers 4/ and 6 and
cooling at the other boundary. The resulting thermal
expansicn will cause the element 2’ to “dish” or buckle
in 2 manner similar to that previously described in connec-
tion with the embodiment of FIGURES 1 and 2. The
application of alternating current will cause the clement
2’ to vibrate. The heat generated or removed from a
boundary is not dissipated appreciably by conduction
from the nearby material, so that high transducing effi-
ciency is attained.

The resonant frequency of any given transducing ele-
ment 2 or 2’, or the resonant frequency of an array form@d
of plurality of such elements, may be varied within limlgs
by loading the elements, as by increasing their mass. This
may readily be accomplished by pressing or otherwisq se-
curing one or more metal loading rings 42 to the periph-
ery of an element 2 or 2’, as shown in FIGURE 4. For
purposes of illustration, a piezo-electric element 2 is there
specifically iliustrated, but it will be understood that a
thermo-electric element 2’ could be employed.

As has been previously mentioned, a plurality of trans-
ducing elements 2 may be mounted on the rod 22 in an
array in order to increase the power-handling capabilities
of the assembly. Under normal circumstances, if the
length of the array, measured along the rod 22, exceeds
one-quarter of the wave length in the array of the resonant
frequency vibrations, computing the wave length on the
basis of the velocity of sound axially in the array (that ve-
locity being less than the velocity of sound in the free por-
tion of the rod 22), then some of the elements 2 will
oppose or cancel out the vibratory effect of others of the
elements 2. This may be avoided by the use of either of
the arrangements iilustrated in FIGURES 5 and 6.

In FIGURE 5, all of the transducing elements 2 are
similarly electrically connectad, the elements and connec-
tions being the same as shown in FIGURES 1 and 2.
The elements 2 are arranged in two groups, each shown as
consisting of seven elements 2, each of those groups hav-
ing a length along the axis of the rod end 24 which is one-
guarter of the wave length of the resonant frequency vi-
brations, computed in accordance with the velocity of
sound in the overall array. These two groups are sepa-
rated by a space also equal to one-quarter of that wave
length. With this spacing, the vibratory action of each
group of elements will reinforce the vibratory action of
the other group of elements.

In FIGURE 6, the array is formed of the same two
groups of elements 2, which groups are not spaced from
one ancther along the rod end 24. Instead, the electrical
connections to the first group are reversed relative to the
electrical connections to the second group.

Hence, the vibrations of the elements 2 of one group
will be 180° out of phase with the vibrations of the other
group, so that their resultant will be additive.

The arrangement of the present invention permits the
transmission of vibratory signals or power over a rod or
wire 22 between a transducing station and a station re-
mote therefrom. It also can be utilized in the construc-
tion of a readily manuaily manipulatable drilling or lap-
ping tool. Appreciable amounts of energy may be handled
with apparatus of minimum size and through the use of
components which may be readily manufactured and as-
sembled at low cost. The design factors are such that ap-
preciable variations in resonant frequency may be attained
with the use of standard components. In most instances,
the transducing action will be reversible. Thus, although
the description above set forth is primarily in terms of the
application of electrical signals to the transducing elements
2 in order to generate vibrations therein, which vibrations
are then imparted to the rod 22 on which the elements 2
are mounted, it will be understood that the mechanical ap-
plication of vibrations to the rod 22 can be transformed -
by the elements 2 into correspondingly fluctuating electri- -
cal signals. - -

While but a limited numbar of embodiments of the pres-
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ent invention have been here specifically disclosed, it will
be apparent that many variations may be made therein, all
within the scope of the inveriion as defined in the follow-
ing claims.

I claim: ‘

1. A transducer comprising a rod and a plurality of
transducing plates mounted on said rod with their bodies
spaced from one another axially of said rod so that each
of said plates may vibrate independently of the other, said
rod mounting constituting substantially the only mount-
ing of said plates, said plates thereby being free to vibrate
and to transmit their vibrations to said rod, and electrical
connections to said transducing plates, in which said
plates are multi-laminar in a direction substantially per-
pendicular to said rod, the nature of the laminations being
such, in conjunction with the electrical connections there-
to, as to cause the laminations to react differently upon
the application of a given potential to said electrical con-
nections, said plates thereby changing their shape.

2. The transducer of claim 1, in which said laminations
comprise piezo-electric material polarized from one side
surface thereof to the other.

3. The transducer of claim 1, in which said laminations
comprise piezo-electric material polarized from one side
surface thereof to the other, said laminations being elec-
trically connected in parallel.

4. The transducer of claim 1, in which said laminations
comprise piezo-electric material polarized from one side
surface thereof to the other, said laminations being elec-
trically connected in parallel, said plates being electrically
connected in parallel with one another.

5. The transducer of claim 1, in which said plates com-
prise a plurality of laminations of thermoelectric material
of different characteristics.

6. The transducer of claim 1, in which szid plates com-
prise a plurality of laminations of thermo-electric material
of different characteristics, said plates being electrically
connected in series with one another.

7. A transducer comprising a rod and a plurality of
transducing plates mounted on said red substantially at
their centers with their bodies spaced from one another
axially of said rod so that each of said plates may vibrate
independently of the other, said rod mounting constitut-
ing substantially the only mounting of said plates, said
plates thereby being free to vibrate and to transmit their
vibrations to said rod, and electrical connections to said
transducing plates, in which said plates are multi-laminar
in a direction substantially perpendicular to said rod, the
nature of the laminations being such, in conjunction with
the electrical connections thereto, as to cause the lamina-
tions to react differently upon the application of a given
potential to said electrical connections, said plates there-
by changing their shape.

8. The transducer of claim 7, in which said lamina-
tions comprise piezo-electric material polarized from one
side surface thereof to the other.

9. The transducer of claim 7, in which said lamina-
tions comprise piezo-electric material polarized from one
side surface thereof to the other, said laminations being
electrically connected in parallel.

10. A transducer comprising a rod and a plurality of
transducing plates mounted on said rod substantially at
their centers with their bodies spaced from one another
axially of said rod so that each of said plates may vibrate
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independently of the other, said rod mounting constitut-
ing substantially the only mounting of said plates, said
plates thereby being free to vibrate and to transmit their
vibrations to said rod, and electrical connections to said
transducing plates, in which said plates-comprise a plu-
rality of laminations of thermo-electric material of dif-
ferent characteristics.

11. A transducer comprising a rod and a plurality of
transducing plates mounted on said rod with their bodies
spaced from one another axially of said rod so that each
of said plates may vibrate independently of the other,
said rod mounting constituting substantially the only
mounting of said plates, said plates thereby being free
to vibrate and to transmit their vibrations to said rod,
and electrical connections to said transducing plates, in
which said plates are mounted on said rod in a plurality
of sets of plates, at least one of said sets having an-axial
length along said rod equal to one-quarter of the wave
length of the vibrations produced by the combination of
said set of plates and said rod, said sets of plates being
relatively positioned along said rod and electrically con-
nected to one another so as to reinforce their respective
vibratory actions.

12. The transducer of claim 11, in which the plates
of each set are oppositely electrically connected and said
sets are axially adjacent one another along said rod.

13. The transducer of claim 11, in which the.plates
of each set are similarly electrically connected and said -
sets are spaced from one another along said rod by a
distance equal to one-quarter of the wave length of the
vibrations  produced by the combination of said one of
said sets of plates and said rod. -

14. A transducer comprising a rod and a plurality of
transducing plates mounted on said rod substantially at
their centers with their bodies spaced from one another
axially of said rod so that each of said plates may vibrate
independently of the other, said rod mounting constitut-
ing substantially the only mounting of said plates, said
plates thereby being free to vibrate and to transmit their
vibrations to said rod, and electrical connections to said
transducing plates, in which said plates are mounted on
said rod in a plurality of sets of plates, at least one' of
said sets having an axial length along said rod equal to
one-quarter of the wave length of the vibrations pro-
duced by the combination of said set of plates and said
rod, said sets of plates being relatively positioned along
said rod and electrically connected to one another so as
to reinforce their respective vibratory actions.

15. The transducer of claim 14, in which the plates
of each set are oppositely electrically connected and said
sets are axially adjacent one another along said rod.

16. The transducer of claim 14, in which the plates
of each set are similarly electrically connected and said
sets are spaced from one another along said rod by-a
distance equal to one-quarter of the wave length of the
vibrations produced by the combination of said one of
said sets of plates and said rod.
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