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ABSTRACT: A tank for containing a liquid whose bottom
portion is partially comprised of a housing for an inductive

. oscillator having a pair of rotors. The rotors move in opposite

directions so as to provide an in-phase reaction normal to the
base of the tank to establish cavitation in liquid disposed in the

tank.
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INDUCTIVE CAVITATOR

There has been disclosed in prior applications to the same
inventor various ‘inductive oscillators working in a liquid
media to clean parts or the like in the liquid. In the prior dis-
closures, an elastic member such as a rubber tubular element
is disposed between an oscillator and a radiating piston which
delivers the energy to the liquid. By the use of such an elastic
member, particularly when the system is operating at elastic
resonance, it is possible to accomplish a maximization of
delivery of power to the liquid. However, these prior systems
utilizing such elastic members have some disadvantages.

One disadvantage of the prior systems is that the elastic
member allows the piston surface to rock or tilt periodically in
its vibratory movement. The piston not only moves back and
forth as it applies compressional waves to the liquid, but also
develops a rocking or tipping movement which is superim-
posed over the main vibratory movement. This rocking or
tipping vibration of the piston results in portions of it moving
in what is, in effect, an amplified motion. In other words, the
main vibratory motion of the piston has added to it the tipping
motion at various localized regions where the tipping move-
ment is in phase with the main vibratory movement. Alterna-
tively, at the opposite edge of the piston the tipping is neces-
sarily subtractive and this, in effect, reduces the amount of
movement of the piston at the opposite edge.

The aforegomg secondary superimposed tipping or rockmg
of the piston is due to the elastic freedom provided by an
elastic member as shown in the various prior disclosures. As a
result, the main motion of the piston resulting from the elastic
member thus has superimposed-upon it the tipping motion
which results from the secondary elastic vibrations in the
elastic member.

A further disadvantage of the aforementioned tipping effect
is that one portion of the piston face moves with augmented
motion relative to the basic vibration while the opposite re-
gion of the piston face, that is the region across the centerline,
moves with reduced motion. This is because the tipping mo-
tion subtracts from the main vibration of each cycle. The
result is that the effects in the liquid opposite the piston are no
longer uniform. '

It should be pointed out that in systems where cavitation is
employed in the liquid that the cavitation is a borderline con-
dition. Therefore, if there is a region where the pressure ex-
cursions are slightly greater than they are in-an adjacent re-
gion, the region having greater excursions will be where the
predominate action of cavitation takes place. This is a disad-
vantage in certain processes such as cleaning of metallic parts
where certain regions in the parts-holding basket are sub-
jected to greater action than other regions in the basket. This
produces a nonuniform cleaning of a batch of parts.

Thus, an object of this invention is to provide a uniform
energy density of sonic application throughout aliquid body.

Another object of this invention is to provide an inductive
cavitation system which does not have any secondary rocking
or tipping of a piston to cause nonuniform energy density.

Still another object of the invention is to provide a inductive
cavitator system wherein secondary effects in the liquid body
can be neutralized.

Still one further abject of this invention is to provide an in-
ductive cavitator system which permits precise control of the
energy output to the liquid.

The above and other objects of this invention are accom-
plished by the herein device which comprises a suitable tank
for containing liquid to clean parts and the like. The bottom of
the tank has an opemng therein. Disposed in the openmg and
filling and sealing it is an oscillator housing for a pair of rotors.
Preferably the housing is acoustically isolated by rubber
mounts or the like from the remaining bottom portion of the
tank. The rotors are comprised of eccentric weights which
move in an orbit so as to produce an oscillatory movement of
the housing, thus exerting vibratory energy directly into the
liquid in the tank. The two rotors move in opposite directions
so as to cancel lateral vibratory effects while reinforcing the
vibratory energy normal to the bottom of the tank, thus max-
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imizing energy input. In one embodiment of the invention a
pair of gears are meshed so as to turn in opposite directions.
These gears are driven by a single shaft connected to one of
the gears. Each gear has connected thereto an eccentric

- weight forming a portion of the mass of the gear. In another

embodiment of the invention the oscillators are of a roller type
where two separate crankshafts are individually driven
through a gearbox. Weights in the form of large rollers sur-
round the eccentric crankshaft of each rotor such that when
the shaft rotates the rollers in effect achieve an orbital motion.
Once again, the pair of oscillators in this embodiment rotate in
opposite directions to achieve the aforegoing desired results.

It is believed that the invention will be better understood
from the following detailed description and drawings in which,

FIG. 1 is a partially section pictorial view of the apparatus of
this invention,

FIG. 2 is a partially section view of one embodiment of a
roller-type oscillator, oscillators.

FIG. 3 is a partially section view of a second embodiment of
a pair of geared oscillators.

It is helpful to the comprehension of this invention to make

. an analogy between a mechanical resonant circuit and an elec-

trical resonant circuit. This type of analogy is well known to
those skilled in the art and is described, for example, in
Chapter 2 of “Sonics” by Hueter and Bolt, published in 1955
by John Wiley and Sons. In making such an analogy, force F is
equated with electrical voltage E, velocity of vibration u is
equated with electrical current £, mass M is equated with elec-

trical inductance L, mechanical resistance (friction) R,, is

equated with electrical resistance R, and mechanical im-
pedance Z,, is equated with electrical impedance Z,. Thus, it
can be shown that if a member is elastically vibrated by a
sinusoidal force, F, sin w¢, w being equal to 27 times the
frequency of vibration, that

Zpy=R,+ilom)=(F, sin wtfu) (@3]

It is to'be noted by reference to equation (1) that velocity of
vibration u is highest where impedance Z,, is lowest, and vice
versa. Therefore, a high-impedance load will tend to vibrate at
relatively low velocity, and vice versa. the square at an inter-
face between high- and low-impedance elements, a high rela-
tive movement results by virtue of such impedance mismatch
which, as in the equivalent electrical circuit, results in a high
reflected wave.

Of particular significance in the implementation of the
methods and devices of this invention is the high acceleration
of the components of the system that can be achieved at sonic
frequencies. It can be shown that the acceleration of a vibrat-
ing mass is a function of the square of the frequency of the
drive signal times the amplitude of vibration. Under resonant
conditions, the amplitude of vibration is at maximum and thus
even-at moderately high sonic frequencies very high accelera-
tions are achieved.

In considering equation (1), two factors are to be noted.
First, this equation represents the total effective resistance
and mass in a vibrating circuit, and these parameters are
generally.distributed throughout the system rather than being
lumped in any one component or portion thereof. Secondly,
the vibrating system often includes surrounding components,
a container holding the water and the water itself.

Turning now to FIG. 1 there is'seen a tank 11 having a cylin-
drical wall 13 of metal or suitable material and a top 15 that
can be rigidly affixed by bolts 17. The bottom of the tank is
open and has an outward radial flange 19. Bolts 21 connect
the flange to a support structure 23 for the tank. Connected
between the flange 19 and support 23 and also secured by the
bolts is.a rubber diaphragm 25. The diaphragm 25 serves to
support an oscillator housing 27 for an oscillator 29. The
housing 27 is further secured to the rubber diaphragm 25 by a
retainer ring 31. The mounting ring 33 isolates the rubber
diaphragm 25 from the support structure 23. Thus, as can be
seen the tank which contains a liquid 35 has the oscillator
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housing 27 forming a portion of its bottom end. The housing
27 is free to vibrate since it is merely suspended by a rubber
diaphragm 25. To allow for freedom of movement a motor 37
drives the oscillator 29 through a drive shaft 39. The drive
shaft is provided with a pair of flexible couplings 41 such as
standard universal joints. This allows the oscillator 29 and
housing 27 to move freely in the vibratory mode relative to the
fixed gearbox 37. A drive shaft 38 from a motor (not shown)
drives the gears on box 37 and serves to rotate the drive shaft
39.

In various past systems disclosed in pending applications
and issued patents to the same inventor a resonant system was
employed utilizing a mechanical oscillator which causes an
elastic circuit to resonate. This in turn delivers this resonant
elastic force to an acoustic piston surface which as indicated
was coupled to a liquid body. However, it has been found that
in some situations it is very desirable to closely control the am-
plitude of the pressure swing in the liquid. This is difficult to
accomplish when employing a resonant system since a reso-
nant system will tend to be somewhat indeterminant as regard-
ing the pressure swing. This is because the resonance system
changes its acoustic impedance output with changes ini im-
pedance in the liquid. In other words, in the resonant system
the oscillators utilized would automatically adjust to changes
in impedance and thus always maintain a resonant output.

The herein system utilizes a mechanical inductive-type
oscillator ‘'which is one that employs the reaction force from
continuing the cyclic path of a moving mass. It is found that
the resulting process of the invention is very economical since
large forces can be developed with reasonable cost of oscilla-
tor design. Further, the rotary orbital oscillators used in this
invention result in a minimum weight for the oscillator hous-
ing so that maximized forces in motion can be delivered to the
liquid body. Although various mechanical oscillators are
possible for use in the instant invention most of them have an
inherent limitation in that the oscillator will tend to be quite
heavy. This wastes much of the force which would otherwise
be delivered to the acoustic piston or in this case the housing
for the oscillator. As a result, the herein oscillators to be
described provide a very lightweight structure with a high
force output. .

Thus, the novel system of this invention is a nonresonant
one. Because of this, the rotary motion of the oscillator must
be polarized. In a resonant system the resonance itself will
tend to polarize motion and thus permits a single rotor type
oscillator to be utilized. In the absence, however, of
resonance, it is necessary to otherwise polarize the motion so
that the force is not delivered equally in all directions. With an
acoustic piston it is of course necessary that the force be
primarily in one direction. This is accomplished in the herein
invention by using an inductive oscillator having a pair of op-
positely orbiting masses which neutralize each other in the
lateral direction but are additive in the direction of piston
vibration, usually at right angles thereto.

Turning now to FIG. 2 there is seen in detail one of the ro-
tary elements of an oscillator of this invention. In the device of
FIG. 2 two such rotary elements are used. One only is shown
in detail. Each element is separately driven by a drive shaft 45
connected to a gearbox 46. A single motor and drive shaft
(not shown) is connected to the gearbox and serves to drive
the rotors. An enclosed outer housing 47 surrounds both of
the rotor elements utilized. The housing 47 with its piston sur-
face in turn is connected to the base portion of the tank,
through a compliant joint, in which the device is to be used so
as to radiate into the liquid. Each of the rotary elements of the
rotors comprise a cylindrical housing 49 having end plates 51
and 53. An eccentric crankshaft 55 is disposed within the
housing 49 having an axle portion 57 extending outwardly
from the housing through a cover plate 59 to a flexible
coupling 61.

The crankshaft 55 is formed of two pieces, the first piece
being the main crank portion 63 having an end 65 commu-
nicating with the axle end portion 57. The second piece of the
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crank 55 is end piece 67 which is affixed to the end of the
crank opposite the axle end 57 by means of a split ring 69 and
bolt 71.

An aperture 73 is provided in end plate 53 which commu-
nicates with a passage 75 formed in endpiece 67. Passage 75
communicates with an opening 77 formed longitudinally
through the crank 55. A plurality of additional secondary
passages 79 in turn lead from the main opening 77 through the
crank to its outer surface. The purpose of the aforegoing
openings through the crank is to allow a continual flow of
lubricant during the operation of the device. The lubricant will
exit the oscillator housing through apertures 81 provided in
end plates 51 and 53.

Surrounding the crank 55 are three separate bearings 83. In
turn driven by the bearings are three weighted rollers 85. As
shown in the drawing, the rollers rotate on their outer diame-
ter upon sleeve 87 formed of ball bearing steel or the like. In
other words, as the crank 55 rotates, the rollers 85 are in con-
tinuous driving contact with the inner bearings 83 and carried
by the outer sleeve 87 which, of course, additionally serves as
asupport bearing for the rollers.

In each end of the crank within the end plates 51 and 53
there is provided, bearings 89 which surround the crankshaft.
The bearings 89 are supported from the crankshaft by a ring
91 which is separated from the crankshaft by a spring 93. The
spring 93 is seated within an indentation provided in the
crankshaft. It is to be noted that the crankshaft is not in tight
contact with the bearings 89. Some freedom of movement is
thus permitted so that there will be assurance during the
operation of the device that the rollers 85 are maintained in
contact with the outer bearing or sleeve 87. This contact will
normally occur due to the centrifugal force developed during
the operation of the device. However, when the device is ini-
tially started, it is important in order to prevent undesired
oscillations from occuring, that the rollers are initially main-
tained in contact with the outer sleeve 87. This is assured by
the action of the springs 93. Once the centrifugal force is suffi-
ciently established the forces of the springs are overcome and
the desired contact is maintained regardless of the spring pres-
sure. :

A further advantage of the invention particularly in the use
of the paired rotors is that one can control the energy density
in the liquid by the relative phase maintained through the
gearbox 46. For example, if it is found that a certain region in
the liquid tends to have a low energy density one can merely
shift the gear setting in the gearbox one or two tooth dif-
ferences in the standard gear phasing so as to make one of the
rotors lead or lag the other rotor. This leading or lagging of the
rotors will tend to neutralize any secondary effects in the
liquid body which cause nonuniform energy density. Thus it
can be appreciated that the inductive oscillator of this inven-
tion utilizing paired rotors can be positively adjusted to obtain
a particular phased effect of the energy angle produced by the
housing 47 relative to the body of liquid. This, of course,
results in a very close control of the energy density in the
liquid. Such a control is virtually impossible with any other
form of oscillator which does not use paired rotors as dis-
closed in this invention.

Turning now to FIG. 3 there is seen a second embodiment
of an oscillator of the invention. The oscillator disclosed in
FIG. 3 comprises a housing 95. A single drive shaft 97 enters
the housing 95 and is connected to a first eccentric weight 99,
Eccentric weight 99 has radially formed about its midportion a
gear 101. Bearings 103 serve to support the eccentric weight
and gear within the cavity of the housing 95.

The gear 101 is intermeshed with the gear 105 of a second
like rotor 107. Here again the phasing of the gears can be ad-

70 justed, to get a desired phasing of the piston vibration, as men-

75

tioned in connection with FIG. 2. As shown, the eccentric
weight portions of the rotors swing around to neutralize each
other in the horizontal component as shown particularly in
FIG. 3, while reinforcing each other when they swing to either
the top or the bottom of the housing 95 to reinforce the verti-
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cal component. The shaft 97 is driven through a gearbox 109.
An axle 111 from a motor, not shown, in turn drives the gears
in gearbox 109 and serves as a main driving force for the oscil-
lator.

I claim:

1. In combination: :

a vessel for containing a liquid having an opening in the bot-
tom thereof,

an inductive oscillator having a pair of oppositely orbiting
masses,

a housing for said oscillator having a portion thereof
disposed within said opening in said. vessel for directly
delivering vibratory energy to the contents of said vessel,
and

an elastomeric diaphragm for compliantly suspending said
portion of said housing in said opening.
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2. In a device for imparting sonic energy to a liquid for
providing work functions in the liquid,
a tank for containing said liquid having an opening therein,
an elastomeric diaphragm attached to the edges of said
opening, ‘
an oscillator including a housing and a pair of masses
mounted for orbital motion in said housing,
said oscillator housing being compliantly suspended in said
diaphragm with the housing and diaphragm each partially
covering said opening, the opening being completely
sealed thereby, and
means for driving said masses in opposite directions to
cause said housing to vibrate primarily along a single axis,
whereby said oscillator housing delivers vibratory energy
directly to the liquid.
: ok kK K %




