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This invention relates to vibratory apparatus, and espe-
cially to apparatus for the efficient generation, transmis-
sion and utilization of vibrations in the sonic and ultra-
sonic range (also known as the supersonic range), adapted
for treatment of articles and substances by the action of
acoustic waves. It is particularly directed to improve-
ments in apparatus and methods for the creation, in a
body of liquid, of waves suitable for promoting the ¢lean-
ing of articles immersed in the liquid, as well as for other
purposes.

While the use of such waves in liquids for various
operations is known, previous apparatus for this purpose
has had limited utility because it has not been capable
of producing useful cavitation in a sufficiently large body
of liquid to be commercially practical on an adequate
scale. While assertions and claims to the contrary have
been made in patents and literature, they have not been
borne out in practice.

A main purpose of the invention is to provide effective
wave action in the sonic-ultrasonic range in a larger body
of liquid with adequate energy to accomplish the desired
effect on articles in the liquid; or on the liquid itself,
throughout the liguid body. A further object is to pro-
vide a system for introducing effective ultrasonic energy
into larger bodies of liquid than has heretofcre been
practicable. A more specific object is to provide effective
cleaning of solid objects by the effect of sound waves in
all parts of such a larger body of liquid.

In seeking to accomplish thess results, it was found
that sonic-ultrasonic energy was dissipated in a number
of ways not heretofore properly recognized. When a
glass container was placed on a transducer, with the con-
tacting surfaces carefully ground to produce a maximum
contact, there was a large loss of energy at the junction,
even when cil was used to bridge any slight gaps. Even
when the container was held in apparently tight engage-
ment with the transducer by weights, springs, screws,
bolts, or the like, a similar energy loss occurred.

It is believed that these losses are due to the reflection
of energy which takes place at the junction between two
mediums of different acoustic impedance, or by discon-
tinuities caused by the presence of oil, air or other acous-
tically different medium, even though the thickness of
the latter medium is so extremely small that it would
not normally be considered as creating a gap or discon-
tinuity. The significance of this condition has not hereto-
fore been appreciated in this type of apparatus. When
waves in the indicated range arrive at such a junction, a
proportion of the energy is reflected which bears a definite
functional relationship to the difference in acoustic im-
pedance, and is dissipated as heat. When the waves pass
from the metal of a magnetostrictive transducer to oil,
over four-fifths of the energy is reflected. When they
pass to glass, about a third is reflected and lost. When a
threaded connection is employed, as much as three-
quarters of the energy may be lost, believed to be due
to the presence of a very thin layer of air over a sub-
stantial part of the contiguous areas of the threads. This
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effect has been masked by the fact that enough energy
is passed to produce a recognizable action as well as by
the surprising extent to which even extremely thin layers
of oil or air, for instance, reflect the waves and thereby
reduce their transmission through the layers.

An object of the invention is therefore to improve the
efficiency of wave energy transmission from the trans-
ducer in the indicated range by providing an effective
transmission path through mediums of similar acoustic
impedance.

Another purpose is to provide improved joints between
the transducer and the elements through which the waves
are transmitted to the liquid or other material or object
to be treated, that will minimize the loss of wave energy
at the joints, including loss by wave reflection. This is
in gemeral accomplished by providing a continuous path
through metal elements connected to each other by metal-
lic joints formed by welding, brazing or soldering with
suitable bonding metals. The connection is made so that
there is continuity through solid metal between said ele-
ments, without any interferface with a non-metallic sub-
stance. A joint of this type is referred to herein as a
solid joint.

It has been found that solid joints may be formed with
the various known bonding alloys, provided they have
the requisite resilient qualities and strength for particular
installations. Silver and copper brazing metals have been
found to be especially suitable for such joints. The com-
position of these and other soldering or brazing metals is
known, being given, for imstance, in Technical Bulletin
T-34 (revised February 1953) published by The Inter-
national Nickel Company, Inc., 67 Wall Street, New
York, New York.

When the magnetostrictive stack itself is bonded to a
coupling member or directly to a load, however, the
temperature required for making a solid joint must be
below that at which the magnetostrictive properties of the
metal forming the stack are adversely affected, which
limits the metals that can be used, silver brazing metal
having been found especially desirable for this purpose.

An important purpose is to improve the efficiency with
which the sonic energy produced by a magnetostrictive
transducer is transmitted to the vibration-applying ele-
ment. The magnetostrictive action of the transducer in-
volves reciprocating physical movement as the stack
changes in length. A feature of the invention is the pro-
vision of a novel arrangement for translating this recipro-
cating motion into waves, and then transmitting the waves
to the vibration-applying element. With this arrangement
the energy can be transmitted through a large metal ele-
ment having relatively low acoustic impedance to the
waves and a mass which could not be reciprocated by
the transducer at the sonic-ultrasonic frequencies here in-
volved, but which will readily and efficiently transmit the
waves.

This is in general accomplished by connecting a metal
wave transmission block, having relatively high conduc-
tance for said ultrasonic waves, to a vibrating end of
the transducer by a solid joint, as already indicated. The
block advantageously extends across the entire end of
the magnetostrictive stack, so that all of the reciprocating
motion of said end is directly tramslated into acoustic
wave motion in the transmission block.

Another object is to provide an arrangement that will
increase the amplitude of the acoustic waves. This is
in general accomplished by tapering the block from the
end joined to the stack, thereby forming a zome of re-
duced area in which the wave energy is concentrated, the
angle of taper being sufficiently gradual to avoid sub-
stantial loss of energy by reflection. A feature of the
preferred arrangement is the connection of the block to
the wave-applying element, such as the bottom of a metal
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container or other metal diaphragm or sheet, at a point
immediately beyond the reduced area zone, advantageous-
ly with a lip on the block at the junction, arranged to
provide a degree of marginal flexibility at the joint which
will reduce the tendency to separate at the joint margin
under the stress of intensive wave action.

Moreover, this construction improves the efficiency of
wave transmission from the block to a diaphragm, con-
tainer bottom or other element joined to the block. It
has been found that with this construction the wave ener-
gy is effectively transmitted laterally along the element
to marginal portions thereof, so that useful vibrations are
transmitted over a substantial radial distance and are also
transmitted transversely from substantially the entire area
of said element to superposed liquid, whereas previous
constructions were able to produce such vibrations only
for a very limited distance from the area directly cou-
pled to the stack, and only to a limited portion of such
liquid immediately adjacent to said area. This is be-
lieved to be the result, at least in part, of the transmission
block censtruction which flares outwardly above the re-
stricted zone, thereby not only forming a more flexible lip
as indicated, but also a continuous path along which
waves traveling upwardly in the block, and guided or
deflected transversely by the tapering sides, have an
unbroken continuous path for lateral movement above
said zone, so that they can travel laterally into and along
the connected element with reduced loss of energy due
to change in direction.

Another important object is to provide a novel acoustic
wave generator comprising a magnetostrictive transducer
and a wave transmission block connmected by a solid
joint, In addition to the features already mentioned, one
important characteristic of this generator involves the
length of the transmission block. It has heretofore been
believed that important advantages are obtained by de-
signing the element connected to the transducer so that
its acoustical length is half of the wave length of the
operating frequency of the transducer, or a multiple there-
of, these presumed advantages being attributed to the es-
tablishment of a loop or antinode at the point of con-
nection. -A feature of the invention is the use of a trans-
mission block that is not a half wave length long. It
has been discovered that highly efficient wave transmis-
sion through the block is obtained, and that the block
length affects the operating frequency of the magneto-
strictive stack, even though the block has substantially
no magnetostrictive action, as already indicated. The fre-
quency of the transducer stack will in general be re-
duced, and a block length indicated by physical require-
ments. of design and arrangement may be used in combina-
tion with a magnetostrictive stack whose natural frequency
is. selected to produce the desired resultant frequency of
the transducer unit comprising the stack and the coupling
block. One advantage of this arrangement is due to-the
fact that the stack length decreases with increases in the
resonant frequency of the transducer, so that shorter
stacks may be used to produce a desired frequency of
generated acoustic waves. In one practical embodiment,
for instance, a transducer having a natural frequency of 25
kc. was connected to a suitable block of substantially
less than a half wave length to obtain the desired fre-
quency of 18 kc.

A further object is to provide an improved liquid con-
tainer having characteristics which cooperate with the
features already indicated to produce enhanced wave ac-
tion on the contents of the container. One characteristic
is the provision of a metal container bottom having the
proper degree of stiffness to transmit from its entire sur-
face a proportionate degree of wave energy applied to
its central portion.

This stiffness may be provided by selecting a metal
having the requisite rigidity and thickness. It should
furthermore have characteristics required for efficient
transmission of the wave energy. These include proper
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acoustc impedance and the optimum combination of a
high modulus of elasticity with low density resulting in a
maximum value of C in the equation:

C=/E/d
where:
C=Velocity
E=Modulus of elasticity
d=Density

It may also be aided by stiffening the margin of the bot-
tom, as by providing a transverse circumferential flange.
This is conveniently accomplished by a rigid connection
between the container walls and the bottom. Such a
construction does not utilize as a source of ultrasonic
energy in the liquid the “piston action” heretofore used
in such devices, according to which the margin should
be connected to the container walls by a flexible joint
that would leave the bottom free to vibrate with all sec-
tions of the bottom vibrating in phase, and to transmit
more wave energy, since damping by the side walls is
avoided. It has however been found unexpectedly that
a rigid connection between the bottom and walls produces
in fact a better transmission of the energy to the container
and to its contents. The walls and bottom may be in-
tegral, but preferably the walls are separately formed and
connected by a solid joint to the periphery of the bottom.

Another way in which the desired rigidity may be im-
parted to the container bottom is to provide a convex or
concave bottom, which possesses inherent stiffness even
when made of thin metal. This construction has been
found to be efficient in transmitting acoustic waves from
the transducer unit, and provides a curved path along
which the waves may travel from the transmission block
without any sharp change in direction.

A principal problem in obtaining efficient transmission
of wave energy from the transducer to the point of ap-
plication is to minimize the damping effect of supports or
other parts contacting the transducer or the elements
through which the energy is transmitted. It has there-
fore been proposed to arrange the transducer and the ele-
ments connected thereto so that nodes will exist at pre-
determined points, and to support the structure at these
points, where theoretically there is no motion. Such
arrangements have not been effective, since nodal points
are in effect so narrow that joints having structural
strength would overlap into adjacent active metal portions
beyond the nodal points. Moreover, they impose diffi-
cult design requirements in order to obtain the proper
conditions for nodal support, since the elements generally
must be a half wave length long, or a multiple thereof.
This imposes serious limitations on the size and arrange-
ment of the parts.

A feature of the invention is the elimination of lateral
supports for the magnetostrictive transducer stack and

5 wave transmission block, which together form a resonant

unit having a characteristic frequency. This unit accerd-
ing to the invention has only endwise support, and advan-
tageously is supported from only one end, which transmits
the acoustic waves to the supporting element. This ele-
ment may be the wave-applying member, such as a con-
tainer bottom. With this arrangement the endwise move-
ment of the magnetostrictive stack is free from damping
by lateral engagement. When the unit is supported en-
tirely by the transmission block, the end of the stack
joined to the block is free to transmit energy by wave
motion, while energy from the other end is not lost, as
said end is free for movement in a medium having an
entirely different acoustic impedance, such as air, so that
only a small amount of energy, or none at all, is trans-
mitted from the free end.

The support of the unit is advantageously pendulous,
a convenient arrangement when the unit is attached to the
bottom of a liquid container. In this embodiment a sim-
ilar object is accomplished by pendulously supporting the
container from its upper portion, so that the body of the
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container as well as the tratisducer supported thereby are
free from energy-dissipating contacts below the upper part
of the container.

A specific object is to provide a container suspension
that will have a minimum damping effect. This is at-
tained by supporting the container entirely on a resilient
or elastic mount engaging the upper part of the container.
This mount advantageously comprises a resilient element,
which may be rubber or other elastomer, which permits
the container to vibrate freely at the selected frequency
while providing adequate support.

Magnetostrictive transducers have been found to gen-
erate heat, and require cooling during operation. This
has been generally accomplished by employing streams of
water; but cooling in this manner requires a special ar-
rangement for this purpose, including the provision of
pumps, motors and piping, and restricts the location and
use of the apparatus, since a plentiful water supply and
discharge facilities must be provided. Moreover, water
is also objectionable because some magnetostrictive metals
rust very readily; also, the danger of shorting the high
voltage winding is increased.

An object of the invention is to provide an air-cooled
unit. This is accomplished by submerging the transducer
in a heat-transmitting liquid, and providing an improved
fin arrangement for dissipating the heat, especially suited
for use with a pendulously supported transducer.

In an arrangement of this type, in which a vibrating end
of the transducer is immersed in liquid, a substantial
amount of energy is lost by transmission from said end
to the liquid. An object of the invention is to minimize
this loss by covering said end with material that provides
acoustic insulation, that is, material that substantially
prevents transmission of acoustic waves to the liquid.
For this purpose the material should have acoustic im-
pedance differing substantially from that of the stack, so
that the maximum amount of wave energy is reflected
back into the stack toward the opposite end where it will
be useful. Elastomers have been effectively employed;
and where the material is submerged in oil, it should be
of a type not affected thereby, silicone rubber having been
found satisfactory.

Since an air interface will produce substantially total re-
flection of acoustic waves, the insulation is advantageously
arranged to provide such an interface. This may in-
clude an air space or spaces at the junction, from which
the oil is excluded; but a simple and effective arrangement
comprises a sheet of cellular rubber of proper type, hav-
ing a sufficiently large number of sealed air cells so that
all parts of waves entering the rubber will encounter such
cells and be reflected. When suitable acoustic insulation
is provided, there is substantially no loss of energy from
this end of the stack, when otherwise the loss may run
over ten percent.

An important purpose is to provide a magnetostrictive
transducer that will operate continuously for long periods
at substantially lower temperatures than previous trans-
ducers of this type. The tendency to heat up excessively
has been a principal objection to such transducers, and
at the best has required the use of an excessive amount
of circulating liquid coolant. Moreover, such heating
may raise the stack temperature to the Curie point at
which it looses magnetostrictive properties. With the
present invention the stack can operate efficiently without
any danger of approaching its Curie point, and can be
cooled much more easily, in many cases by air cooling.
Moreover, this feature makes it practical to use magneto-
strictive metals that have lower Curie points, such as
nickel, and which may be more attractive because of price,
rust-resisting properties or other considerations.

In many instances it is desirable to provide arrange-
ments for circulating the cleaning liquid, or liquid under
treatment, in the container, which presents a problem
in avoiding damping of the vibrations. An object is
to provide a circulation system that is practical and con-
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venient, and does not damp vibrations tfo any substantial
extent.

The waves referred to herein are acoustic or sound
waves. As far as effective generation and transmission
of these waves in accordance with this invention are con-
cerned, they may be of any frequency capable of genera-
tion by a magnetostrictive transducer, which includes
a range extending from the lowest tones to frequencies
well above 150 kilocycles per second. However, there are
two practical limitations on the frequencies that are
advantagecus. The low frequency limit is imposed by
the fact that up to about 15 kilocycles the waves are
audible, and with a powerful generator the sound pro-
duced is highly objectionable. The high frequency restric-
tion is due to the fact that the magnetostrictive stack
becomes shorter as the frequency rises, with a correspond-
ing reduction in the ability to dissipate heat generated in
the transducer, as well as a loss in stack activity due to
the lower amplitude of stack movement, and loss of space
required for the necessary winding, while the stacks
required to produce the lower audible frequencies are
so large as to be unwieldy and impractical for ordinary
purposes. Consequently, in the present state of the art,
it is advantageous to use a frequency only slightly above
the highest frequency that produces objectionable audible
sound, as stacks of the proper dimensions for generating
acoustic waves in this frequency range are sufficiently long
to produce an effective amount of energy, and sufficiently
short for practical use.

For convenience, acoustic waves in the range pertinent
to this invention are referred to herein as “ultrasonic,”
though they may include waves audible to human ears.

The invention therefore comprises a number of
features which cooperate to produce substantially great-
er effective wave energy at the point of application, and
especially greater cavitation, for cleaning or other pur-
poses, in a substantially larger body of liquid than has
heretofore been accomplished. Moreover, while previous
magnetostrictive vibration-generating arrangements have
been ineffective in producing useful cavitation in more
than about a pint of liquid per kilowatt of ultrasonic
power, apparatus embodying the present invention has
produced cavitation of very much greater intensity than
any previously obtained, throughout thirty quarts of
liquid, using only one kilowatt of power.

The invention therefore comprises also the combina-
tion of features which cooperate to produce these novel
results. These features include the transmission of
vibrations in the indicated range from a magnetostrictive
transducer through members of similar acoustic imped-
ance connected by solid joints; the use of an improved
wave-transmitting member connecting the transducer and
the vibration applying member, including the provision of
a zone of reduced area and a lip at the output joint;
endwise, and preferably pendulous support of the trans-
ducer; a transducer and wave transmission block unit free
from lateral contacts; pendulous support of the container,
and particularly a resilient support; a container with a
bottom arranged for vibration transmission, and rigidly
connected to the side walls; an improved air-cooling
arrangement including fins and liguid; vibration-blocking
insulation on the submerged end of the transducer; and
a circulation system for liquid in the container, arranged
to avoid damping of the vibrations.

The foregoing and other objects and advantages of
the invention will appear more fully hereinafter from a
consideration of the detailed description which follows,
taken together with the accompanying drawings, wherein
one embodiment of the invention and a single modifica-
tion are illustrated. It is to be expressly understood,
however, that the drawings are for the purposes of illustra-
tion. and description, and are not to be conmstrued as
defining the limits of the invention.

In the drawings:

Fig. 1 is a side view of an embodiment adapted for
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treatment by acoustic waves generated by a magnetostric-
tive transducer, of liquid or articles in liquid, and partic-
wularly for the cleaning of metallic or other solid articles
in this manner, the casing being shown in central vertical
section;

Fig. 2 is a central vertical section through the liquid
container and the attached magnetostrictive wave gen-
erating unit;

Fig. 3 is a similar fragmentary central vertical section
on line 3—3 of Fig. 2;

Fig. 4 is a horizontal section on line 4—4 of Fig. 1;

Fig. 5 is a top view of the entire unit; and

Fig. 6 is a fragmentary central vertical section through
a modified form of container bottom.

In the illustrated embodiment the wave generating
element is a magnetostrictive transducer 11, comprising
a stack 12 made up of laminations 13 and having a
longitudinal central opening 14 arranged to form two
stack legs 15 energized by windings 16. The transducer
11 may be constructed in known manner, with lamina-
tions 13 formed of appropriate magnetostrictive metal
cemented together. One satisfactory metal is composed
of two to four percent vanadium, the remainder consist-
ing substantially of about equal parts of iron and cobalt,
though the cobalt percentage may be as high as 60%.

A connecting vibration-transmitting block 17 is fixed
to the upper end of stack 12 by a solid joint. The joint
is advantageously formed by soldering or brazing with
a metal to produce a solid joint, the metal being selected
so that the joint-forming temperature will not be as high
as the minimum temperature at which the magnetostrictive
characteristics of the stack would be adversely affected.

The metal employed should also have an acoustic
impedance as close as is practical to the acoustic imped-
ances of stack 12 and block 17. Silver brazing alloys
‘have been found especially effective in forming this
joint. It has been found that a solid joint of this type
transmits vibrations with negligible loss of energy.

Block 17 may be made of stainless steel, though Monel
metal or nickel may be used.

Its base extends across the entire end of stack 12,
and preferably is of substantially the same area as said
end at the joint, but is upwardly tapered to a neck 18,
substantially smaller in cross section than the lower end
of the block, and advantageously substantially circular
when used to transmit vibrations to a circular element,
as in the form illustrated.

Neck 18 is connected to a vibration applying unit which
pendulously supports the block 17 and transducer 11. In
the form shown, this arrangement comprises a container
29 having a bottom 21 and a side wall 22, both formed
of metal. The illustrated container is cylindrical, and
the bottom 21 is flat and circular, connected at its periph-
ery to the side wall 22 by a solid joint, preferably by silver
or copper brazing. The bottom 21 is sufficiently thick
and rigid to transmit vibratory movement to its periphery
without serious loss of energy. When made of stainless
steel or Monel, a thickness of one-eighth inch with a
diameter of twelve inches has been found satisfactory.
The side wall 22 is connected to bottom 21 along a line
substantially in alignment with the vertical portion of
the side wall, so that vibrations from the bottom 21 are
transmitted substantially along wall 22 rather than trans-
versely thereto. The lower edge of side wall 22 may be
curved and soldered into a rabbet 23 at the edge of bottom
21 with a solid joint to provide a particularly rigid con-
nection.

Connecting block 17 engages the center of bottom 21,
and may have a positioning stud 24 fitting a central open-
ing in the bottom. Block 17 is advantageously provided
with a lip 25 immediately above neck 18, shaped to give
sufficient flexibility at this point to reduce the strain on
the joint during operation, and to transfer waves to the
bottom with minimum deflection. The upper end of
block 17 is advantageously connected to the container
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bottom 21 by a brazed solid joint, which may be formed

‘with silver or copper solder.

The container 20 is pendulously supported from its
upper- end. ‘This is conveniently accomplished by pro-
viding a casing 26 having an inwardly extending upper
end 27 with -an opening slightly larger than the container
20 and carrying a resilient support for the container. As
illustrated, this comprises a readily compressible elastic
ring 28 of rubber or similar elastomeric material, seated
in an annular recess 29 and projecting upwardly and in-
wardly from the casing end 27. Container 20 is formed
with an outwardly projecting lip 3¢ extending over and
bearing against the top of ring 28, which preferably fits
the curve of lip 30 and also bears laterally against side
wall 22. A centering ring 31, also made of resilient
material such as rubber or the like, is seated in recess
32 in casing end 27 a substantial distance below ring
28, and bears lightly against the container side wall 22,
being arranged to maintain the side wall out of contact
with the casing end 27 without material damping of vibra-
tions.

Casing 28, as illustrated, forms a container with a cylin-
drical side wall 33 and a bottom 34 located below the
bottom of transducer 11. The lower portion of the cas-
ing is filled with a liquid 35 having good heat transferring
properties, transformer oil or silicone oil being especially
suitable. The liquid level is maintained close to or above
the top of the transducer 11, but below the container 20.
The lower end of transducer 11, submerged in liquid 35,
is of course vibrated by the magnetostrictive action of the
transducer, and would normally transmit vibrations to
the liquid 35. To prevent this loss of energy an acoustic
insulating element extends across said end in contact there-
with. For this purpose insulating sheet 36 of vibration-
blocking material is firmly attached to the entire lower
end of stack 12, as by cementing. Sheet 36 is formed of
material that will reflect the vibrations of the stack end,
and 'will prevent acoustic waves generated thereby from
reaching the oil or other fluid surrounding the stack end.
Rubber or other elastomer may form the body of sheet
36, and of course must be of a type unaffected by the fluid.
When oil is used, silicone rubber is satisfactory. The
sheet should consist principally of closed air spaces, sealed
from the liquid, sufficienily numerous and overlapping
to block acoustic waves, which will be reflected back to
the stack without material loss of energy.

An arrangement may be provided for improving the
heat transfer to the casing 26. For this purpose, vertical
heat conducting fins 37 connected to the casing 26 extend
radially inward through liquid 35 to points adjacent to
but spaced from transducer 11. As shown, fins 37 are
in heat-transferring engagement with the side wall 33 and
the bottom 34 of the casing, and extend to points above
the level of liquid 35 but below the container 20. Since
the liquid immediately surrounding the transducer will of
course be heated to a higher temperature than the sur-
rounding liquid, it will rise, being replaced by cooler
liquid from below the transducer. This will produce an
upward flow along the transducer that will result in a
downward flow between the fins 37, which serve to pre-
vent ‘turbulence and form vertical channels for the cir-
culation of the liquid by convection.

Casing 26 is also provided with external heat radiat-
ing fins. In the form illustrated, these fins 38 extend
vertically in a radial direction at equally spaced inter-
vals around the side wall 33; and certain fins 38 at spaced
intervals are downwardly extended to form feet 39 which
support the unit. The leads from winding 16 are brought
out above the liquid level through side wall 33, to a
standard connecting plug 41 fixed to block 4@ which is
connected to side wall 33 and to contiguous fins 38.

The casing 26, including the projecting upper end 27,
side wall 33, bottom 34, fins 37 and 38 and block 40
are constructed and arranged so that they may be formed
from a single integral casting, and are made from a suit-
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able relatively light metal that is a good heat conductor,
aluminum or one of the well known aluminum alloys
being suitable.

An arrangement for conveniently supplying liquid to
and removing liquid from container 20 without damping
vibrations is advantageously provided, and may be ar-
ranged for continuous circulation of the liquid if desired.
For this purpose inlet and outlet openings 42 in container
bottom 21 each connect with a pipe L 43 fixed to the con-
tainer bottom 21 by a solid joint, as by silver or copper
brazing, the L 43 carrying a comnecting nipple 44. A
flexibie hose 45, which may be of synthetic rubber or
similar material unaffected by the hot oil, fits over each
nipple 44 and extends through a snugly fitting opening
46 in the casing wall 33 between fins 37 and above the
level of liquid 35.

The container bottom may likewise be transversely
curved, a construction which imparts rigidity even when
thin metal is used; and when the bottom is curved, it pro-
vides a path for the waves along the container bottom
and walls that is free from the sharp change in direction
at the junction of the bottom and the side wall that is
present in the embodiment heretofore described. A
modified container construction of this type is illustrated
in Fig. 6, having a convex bottom 21g integral with side
walls 22 of the container 20, the upper end of transmis-
sion block 17 being shaped to conform to the contiguous
surface of the bottom 21a, and fixed thereto by a solid
soldered joint, the construction and arrangement of con-
tainer 20, block 17, stack 13 and associated elements be-
ing otherwise the same as that already described.

In operation, the windings 16 of the magnetostrictive
transducer 11 are connected through plug 41 to a genera-
tor of standard type which applies to said windings a
polarizing direct current and an alternating current hav-
ing a frequency corresponding to the natural frequency
of vibration of the transducer 11 and block 17 combined.
-The resulting acoustic waves are transmitted from stack
12 through block 17 to the container bottom 21 and con-
tainer walls 22. The efficiency of this arrangement is
substantially higher than was heretofore attainable; and
to this end the stack 12, block 17 and container 20 are
constructed of metals having similar acoustic impedance,
and are connected by solid joints, advantageously by sil-
ver or copper brazing as already indicated. Liquid in
container 20 is thereby subjected to vigorous cavitation
throughout its entire volume. The cavitation will be suf-
ficiently vigorous for the effective loosening and removal
of dirt on objects immersed in the liquid, and in particu-
lar will effectively remove grease, abrasives, oxidation and
other objectionable material from the surface of objects
immersed in liquid in the container. In practical opera-
tion, this has been successfully carried out under plant
conditions with a volume of liquid amounting to twenty-
four quarts and only one kilowatt of ultrasonic energy,
effective results being obtained in an exceptionally brief
period of time owing to the vigor and good distribution
of the cavitation.

Because of the exceptional wave energy that may be
applied to the liquid, excessive cavitation may be ob-
tained which will interfere with effective cleaning or
other operation in the liquid; and the power applied to
winding 16 should be regulated for optimum action in
each instance. When the apparatus is used for clean-
ing solid objects, and especially for removing oxidation
or other incrustation or dirt from metal objects, the best
results have been obtained by operating at the threshold
of cavitation. This condition is identified by the fact
that cavitation takes place and can be observed, but the
surface of the liquid is not sufficiently agitated to pro-
duce turbulence resulting in visible surface flow of the
liquid.

The heat generated by the transducer 11 is effectively
dissipated by radiation into the air, so that the unit can
be located wherever desired without reference to a source
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of water supply or drain, or the use of ath éxpénsive heat
exchanger. When the unit is used for cleaning or other
purposes where a change in the liquid in container 20
during operation is desirable, the liquid can be fed through
one pipe 45 and removed through the other, carrying
solid contaminants which may be filtered out. The ar-
rangement is also useful for continuous treatment of
liquids by acoustic waves for any of the various known
purposes for which such treatment is effective. Articles
can be readily introduced into and removed from the
container 20, and said container and the attached trans-
ducer 11 may be easily removed from casing 26 simply
by disconnecting pipes 45 and plug 41.

For simplicity and clarity, acoustic waves within the
effective ranges heretofore indicated are referred to in
the claims as in the sonic-ultrasonic range, and endwise
supported portions of the container and transducer unit
that are not in lateral vibration-damping contact with
supports or other structural elements are described as
free.

The term “liquid” as used herein includes normally
solid materials in fluent state, such as molten metals,
plastics or other substances rendered fluent by heat, sol-
vents, piasticizers or otherwise, and solid particles so
finely divided that they have fluent characteristics.

Although but one embodiment of the invention has
been iltustrated and described in detail, it is to be ex-
pressly understood that the invention is not limited there-
to. Various changes can be made in the design, arrange-
ment and constituents of the parts without departing from
the spirit and scope of the invention, as the same will
now be understood by those skilled in the art.

1 claim:

1. Vibratory apparatus, comprising a generator of
vibrations in the sonic-ultrasonic range, a vibration trans-
mitting member fixed to a vibrating surface of the gen-
erator by a solid joint, and a vibration applying member
fixed to the transmitting member by a solid joint, the
acoustic impedance of the generator, transmitting mem-
ber and applying member being similar.

2. Vibratory apparatus, comprising a magnetostrictive
transducer, a vibration transmitting member fixed to a
vibrating surface of the transducer by a solid joint, and a
vibration applying member fixed to the transmitting mem-
ber by a solid joint, the acoustic impedance of the gen-
erator, transmitting member and applying member be-
ing similar.

3. Vibrating apparatus, comprising a magnetostrictive
transducer, a vibration transmitting member fixed to a
vibrating surface of the transducer, and a vibration ap-
plying sheet member of rigid material extending trans-
versely to the transducer and centrally fixed to the vibra-
tion transmitting member by a solid joint, the transmit-
ting member being provided with an integral relatively
flexible lip extending laterally from the sides of the trans-
mitting member, terminating in a thin margin and at-
tached to the sheet member from the margin inwardly
by said solid joint.

4. Vibratory apparatus, comprising a magnetostrictive
transducer, a vibration transmitting member fixed to a
vibrating surface of the transducer, said member having
a zone spaced from the transducer of less cross-sectional
area than its cross-sectional area at the transducer, and
an outwardly extending lip beyond said zone, and a vibra-
tion applying sheet member of rigid material extending
transversely to the transducer and centrally fixed to said
lip by a solid joint.

5. Vibratory apparatus having a selected vibrating
frequency, comprising a magnetostrictive transducer, in-
cluding a metal stack having a natural frequency of vi-
bration higher than said selected frequency, and a vibra-
tion transmitting member of similar acoustical impedance
fixed to the generator stack by a solid joint and forming
with the stack a unitary vibrating element having the
selected frequency of vibration.
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‘6. Vibratory apparatus comprising a magnetostrictive
transducer including a stack, and a metal vibration-trans-
mitting member fixed to the stack by a solid brazed joint
having low vibration-damping characteristics, formed sub-
stantially from a brazing metal having a brazing tempera-
ture below the minimum temperature at which the mag-
netostrictive action of the stack is permanently affected
by the brazing.

7. Vibratory apparatus, comprising a support, 2 con-
tainer for material to be treated by vibration pendulously
carried by the support, including a rigid vibrating dia-
phragm in contact with said material, and an acoustic
transducer pendulously supported by the diaphragm in
vibration transmitting relationship.

8. Vibratory apparatus, comprising a support, a con-
tainer for material to be treated by vibration pendulousiy
carried by the support, including a rigid vibrating dia-
phragm in contact with said material and a magneto-
strictive transducer pendulously supported by the dia-
phragm in vibration transmitting relationship.

9. Vibratory apparatus, comprising a metal container
for material to be treated by vibration, a support engag-
ing the container only adjacent the upper margin of the
container and extending along said margin in supporting
engagement therewith for at least a major part of its
periphery, the remainder of the container being free, and
a magnetostrictive transducer pendulously supported by
the container, arranged to transmit vibrations to the con-
tainer.

10. Vibratory apparatus for liquid treatment with vi-
bration in the sonic-ultrasonic range, comprising a liquid
container including a bottom and side walls rigidly con-
nected to the bottom, said bottom and side walls being
formed of rigid wave-transmitting material, and a mag-
netostrictive transducer centrally connected to the con-
tainer bottom by a solid joint in vibration-transmitting
relationship to said bottom and walls.

11. Vibratory apparatus for liquid treatment with vi-
bration in the sonic-ultrasonic range, comprising a liquid
container having rigid side walls and a bottom integral
with the side walls, and a magnetostrictive transducer
having an end connected to the container in vibration-
transmitting relationship to said bottom and side walls,
the other end of the transducer being free.

12. Vibratory apparatus for liquid treatment with vi-
bration in the sonic-ultrasonic range, comprising a liquid
container including a relatively flat bottom and side walls
of sheet material rigidly connected to the bottom, said
bottom and side walls being formed of rigid wave-trans-
mitting material, the bottom being thicker than the side
‘walls, and a magnetostrictive transducer in central vibra-
tion transmitting engagement with the bottom.

13. Vibratory apparatus for liquid treatment with vi-
bration in the sonic-ultrasonic range, comprising a liquid

container including side walls and a bottom formed of *

separate pieces of rigid wave-transmitting material joined
at the periphery of the bottom by a solid vibration-trans-
mitting joint, and a magnetostrictive transducer centrally
connected to the bottom in vibration-transmitting rela-
tionship to the bottom and side walls.

14. Vibratory apparatus for liguid treatment with vi-
bration in the sonic-ultrasonic range, comprising a liquid
container having integral side walls and convex bottom
of sheet material having a continuous transverse wave-
transmitting curvature, and an acoustic transducer in vi-
bration-transmitting engagement with the bottom.

15. Vibratory apparatus for liquid treatment with vi-
bration in the sonic-ultrasonic range, comprising a liquid
container and a magnetostrictive transducer centrally con-
nected to the bottom of the container in vibration-trans-
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mitting position, the container and transducer being free
from vibration-damping contacts between the upper part
of the container and the boitom of the transducer.

16, Vibratory apparatus for liquid treatment with vi-
bration in the sonic-ultrasonic range, comprising a sup-
port, a liquid container of rigid wave-transmitting mate-
rial having a laterally extending flange resting on the
support, and a magnetostrictive transducer connected to
and supported by the container in vibration-transmitting
relation thereto.

17. Vibratory apparatus for liquid treatment with vi-
bration in the sonic-ultrascnic range, comprising a liquid
container of rigid wave-transmitting material having a
marginal rim, a yieldable supporting element engaging
the rim, and a magnetostrictive transducer supported by
the container in vibration-transmitting relation thereto.

18. Vibratory apparatus for liquid treatment with vi-
bration in the sonic-ultrasonic range, comprising a sup-
port, an annular yieldable supporting member on the
support, a liquid container of rigid wave-transmitting
material having a circular flange resting on the support-
ing member, and 2 magnetostrictive transducer attached
to and supported by the container in vibration transmit-
ting relation thereto, said combined container and -trans-
ducer being free except adjacent to said flange.

19. Vibratory apparatus for liquid treatment with vi-
bration in the sonic-ultrasonic range, comprising a sup-
port, an annular yieldable supporting member on the
support, a liquid container of rigid wave-transmitting
material having a circular flange resting on the sup-
porting member, and a magnetostrictive transducer at-
tached to and supported by the container in vibration
transmitting relation thereto, said container and trans-
ducer being free except adjacent to said flange, and a
yieldable positioning element carried by the support and
laterally engaging the container, arranged to maintain
the container out of contact with the suppori.

20. Vibratory apparatus, comprising an outer casing
having continuous sides and bottom forming an outer
container for a body of heat transmitting liquid, an in-
ner container located within the casing above the liquid
and supported at the top of said inner container by the
casing, a magnetostrictive transducer centrally fixed to
the container bottom with one end in vibration trans-
mitting relation to said bottom and the other end sub-
merged in the liquid, heat-conducting fins extending in-
wardly from the casing toward the transducer in the
liquid, and heat radiating fins extending outwardly from
the casing.
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