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ABSTRACT OF THE DISCLOSURE

A transducer is attached to a cleaning tank and is of
a shape incorporating in it a plurality of differing dimen-
sions. In each dimension, the transducer resonates in a
plurality of differing fundamental modes and their har-
monics. By shock excitation, there is simultaneously ap-
plied to the transducer a multitude of frequencies falling
within a range encompassing the fundamental vibratory
modes and the harmonics thereof in which the transducer
is known to be resonant in each of its several dimensions.
This in turn generates simultaneously within the tank a
wide band of frequencies to improve the cleaning of an
immersed article,

A S St s

This invention relates to ultrasonic cleaning devices of
the type wherein an article to be cleaned is immersed in
a liquid, to be subjected therein to ultrasonic wave energy
transmiited through the liquid by one or more trans-
ducers,

Ordinarily, ultrasonic cleaning apparatus of the char-
acter described utilizes a single-frequency transducer sys-
tem, or a slight variation about a single frequency. In
this connection, while the advantages of ultrasonic clean-
ing are’ many, even when a single frequency system is
employed, there is nevertheless a basic deficiency in such
a system. This deficiency has prevented ultrasonic clean-
ing from attaining its maximum capability as regards
cleaning of articles having a wide variety of component
portions differing in configuration or dimension from one
another. g

The disadvantage inherent in single-frequency ultrasonic
cleaning systems springs directly from the fact that such
a system produces a standing wave pattern within the
tank. This results from the fact that in a single-frequency
ultrasonic cleaning system, there is steady state excitation,
productive of a continuous, unchanging, symmetrical
wave form reflecting in a correspondingly unchanging
manner from the sides and bottom of the cleaning tank.
In such an arrangement, the peaks and nulls of the wave
oceur, in a given cleaning cycle, at certain levels or areas
of the cleaning area of the tank and remain in said areas
throughout the cycle.

Since the ultrasonic energy that produces the cleaning
action varies in proportion to the peaks and nulls of the
waves, a standing wave pattern derived from generation
of a single-frequency results in a cleaning action which,
though reasonably efficient, has certain basic deficiencies.
It is known, in this regard, that in the higher frequency
range there is a penetration of small crevices, and a loos-
ening of the contaminates found therein. In the lower
frequency range, on the other hand, larger, more open
areas are cleaned with particular effectiveness. It follows
that in the standing wave pattern of a single frequency
system, there is a loss of efficiency due to the fact that
the frequency used may be well snited for cleaning some
parts of the workpiece, but not others. The loss of cffi-
ciency is heightened by the peak-and-null characteristic
as a factor in the cleaning action.

Most desirably, there should be simmltaneous genera-
tion of a wide band of ultrasonic cleaning frequencies, oc-
curring anywhere and everywhere, so to speak, within
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2

the cleaning tank. As will be appreciated from the dis-
cussion provided hereinbefore, an ultrasonic cleaning sys-
tem having this characteristic has the decided advantage
that in all areas of the tank, higher frequencies will gen-
erate tiny cavitation bubbles that will penetrate into cor-
respondingly small crevices or orifices, in such a fashion
as to loosen contaminates therein. The lower frequencies,
with their larger cavitation bubbles and greater cleaning
power, can then rapidly and thoroughly complete the
cleaning operation in the same area. It will be noted, in
this regard, that in a simultaneous multi-frequency sys-
tem of this type, there would still be standing wave pat-
terns. They would, however, be offset from one another
spatiafly. Thus, if for example there are six frequencies
present simultaneously, there will be six times as many
peaks and nulls as there would be in a single frequency
system, plus an infinite number of harmonics of each.

Among more particular objects of the invention are the
following:

First, to obtain a form of automatic tuning of the
transducer or transducers, responsive simply and entirely
to shock-excitation of the transducers in their various
fundamental modes;

Second, to eliminate the need (presently found in single
frequency systems) of critical matching of transducers;

Third, to screen out undesirable noise, as distingnished
from single-frequency systems, which are often produc-
tive of almost unbearable noises by reason of the tendency
of such systems to get into audible frequencies;

Fourth, to eliminate the effects of different liquid levels,
liquid temperatures, types of liquid, chemicals used in
the cleaning liquid, and the form and volume of the
workpieces being cleaned, as regards efficient resonation
of the transducers; and

Fifth, to provide equipment as described that will be
rugged, will include comparatively simple but effective
circuitry for resonating the transducers in a manner to
produce simultaneously a multiplicity of frequencies, and
will be designed for minimum maintenance and repair.

Toward the accomplishment of the above stated objects,
I have devised an ultrasonic cleaning apparatus of the
type wherein an object is immersed in a cleaning liquid
through which ulirasonic wave energy is transmitted by
one or more transducers. The invention, summarized
briefly, makes use of a rectangular transducer, which
will reasonate at many more frequencies than will a cir-
cular transducer. In combination with such transducer,
I provide a pulsing circuit so designed as to effect shock-
excitation of the transducer or transducers, in random
fashion. The result is that each transducer will resonate
in all of its frequencies, plus harmonics thereof, thus to
generate simultaneously, within the cleaning tank, a wide
band of ultrasonic cleaning frequencies. In accordance
with the invention, the output of the novel generator cir-
cuit which I have devised consists of a pure, impulse ex-
citation, or a square wave excitation with steady state
superimposed. The nature of the generator circuit is such
as to make it unnecessary to have the selected wave form
or forms tuned to the resonant frequency of the trans-
ducers. In fact, advantage is taken of combining as many
frequency components as possible in the output wave
form, with the transducers themselves providing the fre-
quency governing elements.

Other objects will appear from the following descrip-
tion, the claims appended thereto, and from the annexed
drawings, in which like reference characters designate
like parts throughout the several views, and wherein:

FIG. 1 is a largely diagrammatic showing of one form
of generator circuit according to the present invention, in
association with a cleaning tank and transducer;
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TIG. 2 is a fragmentary, schematic view of a modified
generator circuit; '

FIG. 3 is a perspective view, somewhat diagrammatic,
of a modified cleaning tank usable with any of the cir-
cuits shown in FIGS. 1-4, a portion of the tank being
broken away;

FIG. 4 is a block diagram illustrative of the circuit
shown in FIG. 1;

FIG. 5 is a view showing the wave form produced by
the FIG. 4 circuitry;

FIG. 6 is a block diagram of a circuit designed to pro-
duce a steady state wave form;

" FIG. 7 is a view showing the wave form produced by
the circuit of FIG. 6;

FIG. 8 is a block diagram showing a circuit for pro-
ducing a square wave form;

FIG. 9 is a view showing the wave form produced by
the circuit of FiG. 8;

FIG. 10 is a block diagram showing another circuit
arrangement, for producing a modulated wave form com-
prising a square wave with a steady state wave form su-
perimposed thereon;

FIG. 12 is a block diagram of a <ircuit for producing
an alternative modulated wave form of the type wherein
a steady state wave form is superimposed on a square
wave;

FIG. 13 is a view of the wave form produced by the
circuit of FIG. 12;

FIG. 14 is a diagram of another circuit adapted to
produce a muliiplicity of frequencies simultaneously; and

FIG. 15 is a somewhat diagrammatic view of a trans-
ducer embodied in the invention, showing the six funda-
mental modes in which random excitation of the trans-
ducer occurs for creating the multi-frequency character-
istic of the invention.

Referring to the drawing in detail, in FIG. 1, T have
iltustrated one circuit advantageously employed for the
purpose of random shock-excitation of one or more trans-
ducers to produce the simultaneous multifrequency char-
acteristic hereinbefore discussed. The circuit comprises,
in its basic essentials, a power supply, an impulse genera-
tor, impedance matching, and one or more transducers,
and FIGURE 1 has been appropriately divided to show
which portions of the circuitry illusirated therein con-
stitute these components.

The ultrasonic generator circuit shown in FIG. 1 is thus
a means for exciting a transducer in a manner effective
to produce simultaneous vibrations thereof in a multi-
plicity of differing fundamental modes and their har-
monics. The circuit 20 devised for this purpose includes
leads 22, 24 extending from opposite sides of a conven-
tional 115 v. AC, three-wire power supply having a
ground connection. One side of the circuit is fused as
at 25. ‘

Capacitors 26, 28 are interposed between a connection
30 extending to the ground wire of the AC power sup-
ply, and the respective leads or sides 22, 24 of said power
supply. Also provided is a double-pole switch 32 manually
operable as a main on-off switch of the circuit, and de-
signed to break both sides of the circuit simultaneously.

Teads 22, 24 are connected to the opposite terminals
of the primary winding of a power transformer 34. Con-
nected in parallel across the leads 22, 24 between switch
32 and the primary winding of the transformer, in a cool-
ing fan 36, and a pilot light 38.

The power transformer has a low voltage secondary
winding 40, and a higher voltage secondary winding 42.
From the opposite terminals of the low voltage winding
extend leads 44, 46. These leads extend to the filament 48
of a first amplifying triode 5.

By means of leads 52, 54 connecied to leads 44, 48
respectively, power is also supplied to the filament 56
of a second amplifying tricde 58.

From the opposite terminals of the secondary winding
42, extend leads 69, 62. A lead 64 is connected and ex-
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tends from the lead 6@, a capacitor 66 being connected
in the lead 64. Lead 64 is connected to ground as at 70.

A lead 76 extends from the lead 54, to one terminal of
a low voltage coil 78, from the other terminal of which
extends a lead 8. The lead 88 extends to a comnection
with a lead 82, that provides a line of transmission of elec-
trical energy from lead 8¢ to the control grids of the
triodes 50, 58 respectively. Identical circuitry is employed
between the juncture of leads 80, 82, and the respective
control grids of the vacuum tubes. Thus, connected to the
control grids are resistors 84, 86. In series with the resis-
tors are resistors 88, 99 respectively. Capacitors 92, 94
are connected in shunt across the resistors 88, 90 re-
spectively,

Extending from the plate of tricde 50 is a lead 96. A
lead 98 extends from the plate of the triode 58, to a con-
nection with the lead 9§, so that the combined output of
both triodes is then transmitted through lead 96 to one
terminal of an impedance matching output coil 190

In shunt across the coil 160 is a capacitor 104. A
ground connection 106 is then provided, connected to
the other terminal of the coil 180 to provide a means
for return of the electrical energy supplied to the coil,
back to the source of power.

Extending from the impedance matching coil 100 is a
lead 168, through which impulses emanating from the
coil are transmitted to a transducer 119. A return to the
power source is provided for the transducer, through the
provision of a ground connection 112,

In FIG. 1, the transducer is shown secured to the
bottom of a cleaning tank 114, having therein a cleaning
liquid 116 in which an article to be cleaned, not shown,
is immersed. The liquid 116 is preferably maintained at
a temperature of about 140° F.

The transducer 118 is, in a preferred embodiment of
the invention, of rectanguiar configuration, and is de-
signed, when driven by a generator ‘circuit as illustrated
and described, to provide, simultaneously, a wide band
of ultrasonic cleaning frequencies within the cleaning
tank. The transducer vibrates in a plurality of funda-

ental modes simultaneously, plus all of the harmonics.

Reference should be had, in this regard, to FIG. 15.
The transducer there shown includes six fundamental di-
mensions or modes, namely its width, W; thickness, T;
length, L; transverse or width diagonal, Dy; thickness
diagonal, Dy; and longitudinal diagonal, Dj.

These characteristics of the transducer are productive
of six fundamental resonances. Thus, let it be assumed
that

A=wavelength of the dimension W,
y,=velocity of sound in the dimension W, and
fi=the resonant frequency of said dimension W.

Tn these circumstances, it can be considered that
0
2N

And, with respect to the longitudinal dimension, it can
be concluded that

w

1=
2f2
And, as to the width dimension,
7=
2fs

This calculation would be carried on similarly, as will
be understood, through the D;, D,, and D, dimensions.

If desired, a steady state frequency can be super-
imposed upon those described above. If so, it would be
selected, preferably, from one close to the thickness mode.
The thickness mode would be driven twice, once by the
s.teady state impulse and once by random shock excita-
tion.

It is of interest to note that in actual practice, what
the frequency of the thickness mode will be is governed
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in large degree by the piece of piezoelectric ceramic mate~
rial used in the transducer.

The actual thickness resonant frequency is determined
by the characteristics of the ceramic which is the piezo-
electric element and the thickness of the metal trans-
ducer bar. I have discovered by experiment that certain
classes of ceramics, such as barium titanate and lead
zirconium titanate, have the property that there is more
than one fundamental thickness mode. These modes are
spaced only four or five ke. apart; this, when combined
with the metal bar of the transducer, would produce thick-
ness modes at 30 ke. and 34 ke. By proper adjustment
of the circuit one can have the transducer actually vi-
brating at both of these modes simultaneously. Thus, not
only does one have the thickness mode, plus the five
other modes of the transducer, but also the other thick-
ness mode governed by the subsidiary modes of the
ceramic element itself, These subsidiary modes may range
in number from one to perhaps three or four. There-
fore, in reality, assuming that the ceramic has just one
of these subsidiary modes, one could have two entirely
different families of simultaneous multi-frequency. One
family would be the 20, 30, 40, 60, 80, and 90 k. corre-
sponding to the 30 kc. thickness mode of the ceramic.
The other family would be a similar series of frequencies
where all of their resonant frequencies would be increased
by 4 kc. which corresponds to the 4 ke. increase in the
first subsidiary of the ceramic. In other words, the second
resonance of the ceramic would provide a transducer
thickness resonance of 34 ke, Also, it would give a series
of resonances at 24 ke., 44 ke., 64 ke., 84 ke. and 94 ke,
Obviously, all of these frequencies are approximate.

It follows that there could be other subsidiary modes in
the piezoelectric ceramic which give rise to further series
of resonant frequencies in the transducer bar. The cir-
cuit is adjusted such that the transducer has both of
these modes and their families of fundamental resonances
going at once. Or, the circuit can be adjusted to alter-
nately flip-flop back and forth between these multiple
modes.

When all these operational characteristics are con-
sidered in their cumulative effect, a multiplicity of fre-
quencies occur within the tank, going in all directions
to produce a highly desirable uniformity of cleaning ac-
tion throughont the entire tank volume. This results from
the fact that higher frequencies present throughout said
tank volume generate minute cavitation bubbles, that
penetrate small crevices, capillaries, orifices, etc., so as
to loosen contaminates found therein. Meanwhile, a con-
siderable range of lower frequencies will also be found
to be present throughout the tank volume, and these,
having larger cavitation bubbles and greater cleaning
power, complete the removal of the contaminates, so as
to rapidly and thoroughly clean the immersed article in
a uniform fashion, despite the shape of the article itself,
~or ‘the dimensions, size,; and configuration of any com-
ponent portion thereof.,

This characteristic obtains by reason of the fact that
the generator circuit illustrated and described tends to
randomly shock-excite the transducer. It is important to
note, in this regard, that it is not necessary to have the
‘wave form of the generator output tuned to the resonant
“frequency of the transducer. Rather, in effect, automatic
tuning is obtained, because the transducer is not driven
at resonance and will vibrate at its own fundamental
- frequencies together with the harmonics thereof, At the
same time, as described above, a steady state wave form
can be’ superimposed, whose frequency is determined by

- thickness of the transducer.. .

. The transducers employed in carrying out the inven-
tion preferably are high efficiency transducers employ-
ing a new class of special high temperature titanate alloys
which overcome previously observed difficulties of low
transducer efficiency and poor reliability. With the new
transducers it is possible to obtain high efficiency with
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6

proven reliability and ruggedness, These transducefs can
operate at temperatures in the range of the boiling point
of water, and can be operated continuously twenty-four
hours a day, seven days a week. »

Historically, the conventional single-frequency mag-
netostrictive transducers have been used for production
systems and have had the desired reliability, but have
been seriously handicapped by their low efficiency. Con-
ventional barium titanate transducers were developed
with the required increased efficiency, but were found
not to have the required reliability under production
usage.

The transducer 110, by reason of its special design,
combines the ruggedness of the magnetostriction with the
increased efficiency of the old style titanates, and addi-
tionally, aids measurably in the simultaneous generation
of many frequencies within the cleaning tank., The trans-
ducer, as above noted, is rectangular in form, and by
virtue of its design and construction has a variety of
fundamental resonant frequencies. This is similar to a
rectangular drumhead which, when struck in the center,
will vibrate in more than one resonant frequency gov-
erned by its width, length, and diagonals. It is for this
reason that when the transducer is randomly excited, it
vibrates in its various fundamental frequencies, plus their
harmonics, all of which combine to provide the highest
possible cleaning energy within the tank.

Referring now to FIG. 2, there is here illustrated a
fragmentary portion of a modified generator circuit of
lower output. In this connection, the circuit shown in
FIG. 1 has an output on the order of about 200 watts.
This results from the cumulative action of the two ampli-
fying circuits including tubes 50, 58, each of which pro-
duces approximately 100 watts.

Thus, in FIG. 2 the output is halved, since the tube 58,
together with resistors 86, 60, and capacitor 94 arranged
in combination therewith as shown in FIG. 1, is omitted.
In the generator circuit shown in FIG. 2, lead 80 has a
connection only to the control grid of the single tube 50
employed in the FIG. 2 circuit,

The output of the circuit shown in FIG. 2, thus, is on
the order of about 100 watts,

Connected across the leads 44, 46, is the capacitor 118.

FIG. 3 illustrates, somewhat diagrammatically, a modi-
fied cleaning tank 1144. This tank includes transducers
mounted upon the respective side walls thereof. The
transducers have been designated 110a, 1165, 119¢, and
1184, and they are all similar to one another in the illus-
trated example, although this is not at all essential to
successful use of the invention. Also provided is a trans-
ducer 110¢ on the bottom wall, As will be noted, the
transducers are connected in parallel to the lead 108
supplying the pulsing currents thereto. Therefore, a
modular arrangement is possible, wherein any transducer
can be cut out of the circuit, without adverse effect upon
the remaining transducers. This is advantageous in the
event of the necessity of repair or replacement of one or
more of the transducers, Cleaning operation can con-
tinue with those that remain in working order.

When a plurality of transducers is used, there is no
necessity of critical matching of the same. This is so be-
cause each transducer, as described above, is resonated
at its own frequency, by random pulses producing shock-
excitation. In this way, I eliminate any difficulties arising
from the necessity of closely matching each transducer to
the other, or in keeping the system in tune to a specific
frequency.

By reason of the parallel connection of the several
transducers, promoting a modular system, it is possible
to provide cleaning tanks of any desired size, since one
need only add transducers in parallel connection as neces-
sary, together with additional generator circuits as re-
quired by the power demands of the transducers. The
modules thus provided can cooperate in the cleaning of
a single large article, in a tank of any size, or alternative-
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1y, can be used to provide for side-by-side cleaning of a
plurality of work pieces simultaneously, in a partitioned
tank or in adjacent, separate tanks.

In FIG. 4, I have shown a block diagram of the basic
circnitry shown in FIG. 1. As will be noted, a simple
circuit is provided, wherein the power supply or input
circuit 142 comprises that part of the circuitry of FIG. 1
extending from the 115 v. AC source to and including
power transformer 34. Leads 44, 46 extend to the impulse
generator circuit 144. This comprises the vacuum tubes
50 and 58, together with the coil 190 and coil 78.

Gernerally designated 146 is an impedance matching
circuit, including a feedback circuit containing coil 78.
Coil 78 serves to adjust the control grids of tubes 59, 58.
The coil 78 of the feedback circuit is connected to the
impulse generator circuit 144 by the lead 89.

Also as shown in FIG. 4, the transducer 11§ (or trans-
ducers, should a multiple transducer arrangement be
used as in FIG. 3) is supplied with pulsating current
through the lead 108. This produces, considering the
circuit of FIG. 1, a wave form transmitied to the trans-
ducer through lead 168, having characteristics as shown
in FIG. 5. As will be noted, the wave form includes
spikes 148 occurring on the occasion of each shock-
excitation. These effectively produce the random excita-
tion of the transducer or transducers, to cause the same
to resonate in their own frequencies.

In FIG. 6, I show by block diagram the provision of a
steady state generator producing a wave form having the
appearance shown in FIG. 7. This has been included to
show the adaptability of the basic circuitry, hereinbefore
described, to include a generator of this type, either alone
or (as will later appear) in combinaiion with other types
of generators.

In FIG. 8, I have illustrated by block diagram a modi-
fication in the generator circuit, designed to produce a
square wave as shown in FIG. 9. This produces a varia-
tion in the multifrequency action, while still retaining
the basic concept of the invention, that is, the resonation
of the transducers in their own fundamental modes and
harmonics thereof, to produce multifrequencies traveling
throughout the tank to all areas thereof.

FIG. 8 shows a circuit identical to that shown in FIG.
4, except that the generator circuit 144a is designed for
production of a square wave.

The square wave, illustrated in FIG. 9, includes a wave
form 150 wherein there is a sharp rise followed by a rela-
tively short plateau followed by a sharp descent to the
base level of the wave form.

In FIG. 10, I show a block diagram of a circuit adapted
to produce a modulated wave form. In this circuit arrange-
ment, two different types of pulse-generating circuits are,
in effect, connected in parallel, with the combined out-
put of the circuits being directed to a mizxer for transmis-
sion to a transducer.

Thus, extending from the power supply 142 are the
leads 44, 46. These extend to an oscillator generator cir-
cuit 144b, designed to produce a steady state wave form.

The square wave generator circuit k44a previously de-
scribed is also supplied with power from the power supply
circuit 142, through the medium of leads 152, 154 ex-
tending from the leads 44, 46 respectively. :

Leads 156, 158 extend from the circuit 144b. Leads
168, 161 extend from the circuit 144, to a mixer gener-
ally designated 162. Leads 156, 158 extend to the mixer,
in which the pulses emanating from the two generator
circuits are intermixed for transmission through lead 108
to the transducer.

This produces a modulated wave form as in FIG. 11.
The square wave generator circuit 14da provides the
square wave form 156, as shown in FIG. 9. Within each
square wave, however, there is provided a steady state
wave form 164, thus producing the desired modulation
of the wave form.

Another circuit can be utilized, and is shown in FIG.
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12. In this arrangement, there is a self-rectifying gener-
ator 166, connected to the usual power supply. Leads ex-

-tend from the generator 166 to a non-inear component

generally designated 168, having the connection 108 ex-
tending to the transducer. This produces a wave form as
in FIG. 13.

FIG. 14 shows yet another circuit that has proved effec-
tive. This includes power leads 159, 152 and ground con-
nection 154 of a 115 v. AC current supply. Fuse 156 and
normally open, manually operaied main control. switch
158 are connected in one side of the circuit. Across the
power leads is a connecting lead 160 having in series the

_capacitors 162, 164. Transformer 166 has a primary 168,

a low voltage secondary 176, and a higher voltage sec-
ondary 172. Leads 174, 176 extend from secondary wind-
ing 170 to the heater 178 of a pentode 186. .

Lead 182 extending from an intermediate area of wind-
ing 172 has connected therein a resistor 184, and is con-
nected to the suppressor 186 of the: pentode. Connected
across leads 176, 182 is a capacitor 188.

A connection 198 extends from lead 176 to the cathode
192 of the pentode. Lead 194 extends between grid 1%6
of the pentode and is provided with resistor 197 having
in shunt thereacross a capacitor 198.

Leads 289, 262 extend from the respective ends of sec-
ondary 172. Connected between leads 198, 268 is a lead
204. A, capacitor 206 is connected between leads 204, 194.

Leads 194, 209 are conmected to the respective ends of
Jow voltage coil 208 of an impedance matching means.
Said means is provided. also with an impedance matching
coil 216 having in shunt thereacross a capacitor 212, A
transducer 214 receives the output of the impedance
matching coil 218 in the same manner as has been de-
scribed with reference to the FIG. 1 circuit, and has a
ground connection 216. The circuit may in some instances
be used without capacitor 212. Therefore, although I have
illustrated the capacitor 212 as part of the circuit, I may
or may not use it in actual practice.

In practice, an ultrasonic cleaning apparatus formed as
described herein has been found to produce a highly de-
sirable improvement in the cleaning action of workpieces,
regardless of the shape, size, or complexity of said work-
pieces. As previously noted herein, the circuitry illustrated
and described has the desirable effect of promoting a
multiplicity of frequencies, resulting from random shock-
excitation of the transducer or transducers, whereby auto-
matic tuning is produced, without requirement of critical
matching of the transducers in any way. :

1t is believed apparent that the invention is no neces-
sarily confined to the specific use or uses thereof described
above, since it may be utilized for any purpose to which
it may be suited. Nor is the invention to be necessarily
limited to the specific conmstruction illustrated and- de-
scribed, since such construction is only intended to be
illustrative of the principles of operation and the means
presently devised to carry out. said principles, it being
considered that the invention comprehends any changes
in construction that may be permitted within the scope of
the appended claims. ’

I claim: : :

1. In equipment of 'the type including a tank in which
objects are immersed in a cleaning liquid and cleaned
therein by ultrasonic wave energy transmitted through the
liquid by one or more transducers: : -

(a) at least one transducer extending along a wall of

said tank and resonating in a multiplicity of differing
fundamental modes and their harmonics, governed
by correspondingly differing length, width, thickness,
and diagonal dimensions of the transducer, said
transducer including means having the property of
yibrating in at least two different fundamental thick-
ness modes plus the harmonics of each;

(b) an impulse-generating circuit for shock-exciting

said transducer to produce simultaneous vibrations
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of the transducer in the several fundamental modes
thereof, including

(1) a power supply means,

(2) a pulsing circuit that includes at least one
triode the cathode of which receives energy
from said power supply means, said pulsing cir-
cuit further including an impedance connected
between the power supply means and the grid
of the triode to produce a multiplicity of fre-
quency components in the output wave form
emitted by the anode of the triode, and

(3) an impedance matching coil connected be-
tween the power tube and transducer.

2. In equipment of the type including a tank in which
objects are immersed in a cleaning liquid and are cleaned
therein by ultrasonic wave enmergy transmitted through
the liquid by one or more transducers:

(a) at least one transducer extending along a wall of
said tank and resonating, in each of a plurality of
differing physical dimensions thereof, in a multi-
plicity of differing fundamental modes and their
harmonics; and

(b) a generator circuit that includes

(1) a power supply means;

(2) a pulsing circuit that includes at least one
power tube receiving energy from said power
supply means, said pulsing circuit also includ-

10

ing an impedance that is connected between the
power supply means and said tube to produce
a multiplicity of frequency component in the
output wave form of the power tube; and
5 (c) an impedance matching coil connected between the
power tube and transducer.
3. In equipment of the type recited in claim 2 wherein
said circuit effects shock plus steady state excitation of
the transducer.
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