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This invention relates to transducers, and more par 
ticularly, to a composite transducer unit to be used with 
apparatus for generating and controlling compression 
waves of ultrasonic frequencies in a variety of devices. 

It is well known that elements made of electrostric 
tive material exhibit the characteristic of expanding or 
contracting when subjected to an electric ?eld, and corr 
versely, develop an electric ?eld when they are physically 
stressed. Use of this characteristic of- electrostrictive ele 
ments has been made in a variety of devices. Such ele 
ments or a group of such elements are commonly referred 
to as transducers. 

In the ?eld of ultrasonic cleaning, use has been made 
of the expanding and contracting characteristic of trans 
ducers in order to create compressional wave energy. In 
the conventional type of ultrasonic cleaning device, an 
electromechanical transducer is placed in contact with a 
tank or container which is ?lled with a liquid, usually a 
cleaning fluid. An electronic frequency generator or os 
cillator is arranged to generate a wave at ultrasonic fre 
quencies which is applied to excite the transducer. In 
turn, the transducer by expanding and contracting de 
velops compression waves at ultrasonic frequencies in the 
cleaning fluid. These waves are in the form of a coni 
cal, divergent beam directed away from the transducer. 
An object may be cleaned by being placed in the cleaning 
?uid within the zone of the beam. 

It is the usual practice to place the transducer at the 
bottom of the tank so that the beam will be directed up 
wardly, and the objects to be cleaned are suspended, as 
by a tray or basket, above the transducer and within the 
zone of the beam. Sometimes several electromechanical 
transducers are used. 
The cleaning action is caused by the low intensity stand 

ing compression waves produced within the cleaning ?uid 
by the transducer. The ditferential pressures between the 
nodes and anti-nodes of the waves produce a violent cir 
culation of the cleaning ?uid. It is well known that in 
any given frequency range, maximum activity of the clean 
ing fluid will occur when the operating frequency of the 
transducer is such that the height of the liquid in the tank 
is an exact number of one-half wave lengths produced by 
the transducer. It is desirable, therefore, that the trans 
ducer be tuned to vibrate at the frequency which will pro 
duce an exact number of one-half wave lengths in the 
?uid, and at the same time, be in the region of the trans 
ducer resonance. . 

A major disadvantage of conventional ultrasonic fre 
quency devices is that the frequency generator systems 
must be adjusted by hand in order to tune the transducers 
to the desired frequency so that maximum ampiitude of 
the compression waves will be produced. Several vari 
able factors determine the most efficient frequency, and 
all must be considered simultaneously, otherwise the trans 
ducer will operate at an incorrect frequency and low e?'i 
ciency will result. Certain of the factors which affect the 
frequency which should be applied to the transducer are, 
for example, the level of the liquid in the tank, the load 
placed in the tank, the heating of the transducer, etc. 

In previous types of ultrasonic frequency devices, it is 
necessary to continuously adjust the frequency by hand 
in order to compensate for such variable factors so as to 
maintain the transducer vibrating at the frequency which 
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will give optimum results. The manual procedure re 
quired to keep the transducer vibrating at the desired fre 
quency is not only cumbersome and ine?icient, but it is 
impossible to keep the transducer tuned to exactly the cor 
rect frequency due to the fact that the variable factors 

~ may be changing continuously. Manual adjustment of 
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the transducer will usually lag the frequency at which the 
transducer should be driven for optimum results. 

Reference is made to ultrasonic cleaning devices for the 
purpose of example only. Other useful applications of 
ultrasonic wave energy have been made such as in ultra 
sonic drilling, ultrasonic heating of materials, etc. Cer 
tain of these other applications of ultrasonic wave energy 
employ electromechanical transducers which must develop 
high temperatures by producing compression waves of 
high amplitude. Transducers of this type will give the 
maximum amplitude, and, consequently, the highest effi 
ciency when they are driven at a frequency very .close to 
their natural resonance. 

All of these conventional types of devices, however, 
employ only electromechanical transducers, i.e., trans 
ducers that expand or contract when a voltage is passed 
across them. Consequently, the conventional system 
must be adjusted or tuned by hand in order that the cor 
rect frequency may be impressed across the electrome 
chanical transducer so that it will produce compression 
waves of maximum energy. 

This application is a continuation-in-part of my co 
pending application, Serial No. 837,983, ?led September 
3, 1959, to which reference may be made for an under 
standing of a self-monitoring ultrasonic frequency vibrat 
ing system wherein the frequencies, impressed upon an 
electromechanical transducer are automatically controlled 
so as to maintain oscillation of the transducer unit at the 
frequency which will set up the most efficient standing 
waves in a load device. . 

Manual adjustment of the frequency generator is elimi 
nated by feeding back to the generator :1 signal which cor 
responds to the compression waves produced in the load 
device. If these compression waves are not at the opti 
mum frequency then the phase and amplitude of the feed 
back will be such as to cause the oscillator to seek a new 
frequency which will give maximum compression wave 
energy in the load device. The generator will then ad 
just automatically to correct the frequency output im 
pressed upon the transducer unit and also the load device, 
so that the new frequency will produce maximum com 
pression wave energy in the load device. 
One object of this invention is to provide a transducer 

unit adapted for use with a frequency generator system. 
Another object of this invention is to utilize, in a com 

posite transducer unit, the characteristics of electrostric 
tive material of expanding or contracting when subject to 
an electric ?eld and the characteristic of developing an 
electric ?eld when stressed. 

Another object of this invention is to provide a trans 
ducer unit for creating compression wave energy from 
electrical energy and for developing electrical energy for 
controlling the frequency of such compression wave en 
ergy. 
Another object of this invention is to provide a com 

posite transducer unit for applying compression wave 
energy at a certain frequency to a load device and for 
sensing the frequency of the compression waves in the 
load device. 

Another object of this invention is to provide a new use 
of transducers. 

These objects, as well as others which will become 
apparent to those skilled in the art, may be accomplished, 
according to one preferred embodiment of the invention, 
by providing a composite half-wave transducer unit made 
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of a series of disc-shaped, active, electrostrictive elements 
and inactive metal elements. The active and inactive 
elements are arranged in pairs and a unit includes at least 
two of these pairs, one of which serves as a driving sec 
tion and the other as a driven section. The various ele 
ments are stacked together- and held by a suitably strong 
adhesive‘, which for example, may be an epoxy type ce 
ment. -The faces of the- active, electrostrie'tive elements 
are si-l'vered- in order to-present maximum electrical’ con: 
tact, and means are-‘provided whereby damage‘ stresses 
in the unit are relieved. _ 
The embodiment of they invention explained above is 

illustrated in- the accompanying drawings in-which: _ 
FIG. 1 is an‘ exploded view of the composite transducer 

unit of this invention; and , _ 
FIG. 2 is a cross sectional view of the transducer unit 

with a load device to which the unit may be attached 
shown by broken lines. _ _ 
The transducer unit of this invention isdesignate'd gen‘ 

orally by reference numeral 10. This unit 10 is comprised 
of electrostrictive elements and 14, which, for example, 
may be of barium tita'r'late in a ceramic state. Magneto 
st'ric'tive or piezoelectric elements may be used also. The 
elements 12 and 14 are of disc sliape'as shown in FIG. 1 
and have both of their ?at surfaces silverediri a manner 
that is well known; in‘ the art; _ . , 

Inactive or passive 'eTinefitS 16>iin1d 1d areat opposite 
ends of the transducer unit 10 and- aligned with the active 
elements 12'and114'. The'passive elements 16 and 18 may 
be made up of steel, aluminum or ceramic, for example, 
or “any material with low acoustic loss. 

In" facé~tb1face contact with; each‘ of the flat surfaces 
of the active elements 12 and 14, there are relatively thin 
washers or discs '20, 22, 24' and 26. The disc 26 is be; 
tween‘ the active element 12 and the passive element 16, 
and- the‘ disc 26 is between the‘ active element 14 and the 
passive elementlB. ‘Between? the discs 22 and‘ 24» and in 
face-to-face contact with these discs there is a conductor 
plate 28 which may be made of aluminum",v forvexample. 
The plate 28 serves as a common terminal for the active 
elements 12’an'd-14', and has a hole-20 through a portion‘ 
which extends to one‘ side‘ of! the unit 10; Thev hole 30 
serves as a convenient connection point for a lead (not 
illustrated)‘. A terminal 32 is provided for the passive 
element 16 to which a lead 34 may be connected. Simi-v 
larly, a terminal 36 is provided for the passive element 
18 for connecting a lead 38". 

Both active elements 12: and 14, the disc 20', 22, 24 
and 26', and the plate 28 have a hole extending through 
the center portion thereof as indicated at 40. The passive 
element 16 has a bore 42 connecting with the hole 40, 
and the passive element 18' has a bore 44 also connecting 
with the hole 40. 

In the assembled composite unit 10, a locating pin 46 
extends through the several holes 40 in the active and 
passive elements, the discs and the plate, and into the 
bores 42 and 44, thereby serving to center the elements 
and to aid in retaining them in aligned; position. The 
pin 46 is made from any suitable high dielectric strength 
insulating material. In assembling the transducer unit 

, 10, a strong adhesive such as an epoxy cement is applied 
to all of the face-to-face contact surfaces between the 
disc-shaped elements. ' 

During the use of the unit 10 it is subject to high tem 
peratures created by the active elements 12 and 14. The 
active and the passive members are usually made of a 
ditferent material, therefore, there exists an unequal co 
efficient of expansion between these members. I have 
found that it is this unequal expansion of the various 
members of conventional type transducers that often 
causes them to breakdown. Severe stresses are set up in 
the ceramic active elements, and these stresses may crack 
the ceramic. Also, the stresses may cause a parting of 
the adhesive bonds. 
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I have found that this ditliculty may be completely 
solved by the use of the discs 26, 22, 24 and 26. These 
discs may be made of lead or other such ductile material 
as tin, for example. Very satisfactory results may be 
obtained if the'discs are approximately .008 of an inch 
thick, although this dimension may be varied. The discs 
are soft and ductile enough to sut?ciently reduce the 
stresses brought about by the unequal expansion of the 
various elements, and although the discs are poor acoustic 
conductors, their relatively short length will not introduce 
measurable _ losses. 

In use, the transducer unit 10 is attached to a body 
or load device L, represented in FIG. 2 by broken lines. 
The load device may be, for example, a tank containing 
cleaningiluid, or a drill piece of an ultrasonic drilling 
apparatus, or the contact end of an ultrasonic heating 
apparatus. The connection may be made by bolts thread 
ed into tapped holes provided in the outside face of the 
passive section 16. Instead, a strong adhesive, such as 
an epoxy cement may be used, or both bolts and an ad 
hesive may- be used. 
The active element 12 and the passive element 16 to~ 

gether form a driving section A which is connected to an‘ 
ultrasonic frequency generator as by lead 34. The recur‘ 
ring pulses which are maintained at the frequency pro 
duced by the generator are impressed across the active 
element 12 so as 0t cause it to create compression waves 
at a corresponding frequency. These compression waves 
are then transmitted to the load device L. If the load 
device is a tank of cleaning ?uid, for example, a zone 
of standing compression waves is created in the fluid. The 
high frequency of the waves results in violent agitation 
of the liquid. If the load device is a heating apparatus, 
high temperatures are created by the compression waves 
which, in this case, usually are of large amplitude. 

. The‘ active element 14 and the ‘passive element 18 to 
gether form a driven section B. The compression waves 
from the load device‘ L are reflected to the driven section 
B and stress the active element 18, causing it to develop 
pulsating voltages corresponding to the compression waves 
received by it. These pulsating voltages are then trans 
mitted, as by the lead 38, to the ultrasonic frequency gen 
erator to control the frequency of the pulses put out by 
the generator to' the driving section A. The driving sec 
tion A and the driven section B are acoustically coupled 
by the bonds between the pairs of active and passive 
elements. 

Thus, the driving section A of the transducer unit 10 re 
ceives electric pulses at a certain frequency from the 
generator and converts these electric pulses to mechanical 
pulses or waves which are then transmitted to the load 
device L during which the entire unit 1% acts as a half 
wave resonator. The driven section B of the transducer 
unit 10 senses or detects these mechanical pulses and 
converts them to electrical pulses at a corresponding fre 
quency and feeds these electrical pulses back to the gen 
erator. The generator then uses the feed back pulses to 
control the frequency at which the electrical pulses will 
be impressed upon the driving section A of the transducer 
unit 10. > » - 

Reference may be made to my co-pending application 
Serial No. 837,983, ?led September 3, 1959, which de 
scribes a generator system by which the output frequency 
of a generator is controlled by the feed back frequency. 

It is well known that an electromechanical transducer 
element will give maximum efficiency when it is driven at 
or very close to its natural resonant frequency, or some 
exact multiple of the resonant frequency. Conventional 
transducer units used in such applications as ultrasonic 
cleaning, ultrasonic drilling, and ultrasonic heating em 
ploy only electromechanical transducer elements, that is, 
transducers that create compressional wave energy from 
electrical pulses. The resonant frequency at which these 
transducers should be driven for maximum efficiency 
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often changes during an operation, due to changes in am 
bient temperature, changes in the work load conditions, 
or temperature rises due to losses in the transducers, for 
example. Therefore, ‘the frequency 7 generator which 
drives the transducers must be of the type which may be 
adjusted so that the transducers may always be driven at 
the proper frequency. Of course, such adjustment must 
be by hand. 
The transducer unit 10 of this invention enables this 

disadvantage in conventional transducer units to be elimi 
nated by providing for the automatic adjustment of the 
frequency at which the driving section A is driven in re 
sponse to the varying operating conditions. In the trans 
ducer unit 10, the driving section will always oscillate at 
a frequency which will create maximum compression 
wave energy. The maximum wave energy put out by the 
driving section A will result in maximum vibration energy 
being re?ected upon the driven section B, and maximum 
voltage feedback pressed upon the generator. Any wave 
energy less than maximum will result in less than maxi 
mum feedback voltage. If the generator receives less than 
maximum voltage feedback it is forced to oscillate at a 
changed frequency which will produce maximum wave 
energy, and this changed frequency is the frequency at 
which the driving section A subsequently will be driven. 
The passive elements 16 and 18 serve to reduce the 

amount of electrostrictive material required for the driving 
and driven sections A and B. It is necessary that the 
resonant frequency of the driving and driven sections be 
predetermined. The velocity constant of the metals, steel 
or aluminum for example, used for the passive elements 
16 and 18 is known and does not vary appreciably from 
sample to sample, however, the material used for the 
active elements 12 and 14, which often is barium titanate 
in a ceramic state, may vary considerably. Consequently, 
the greater the ratio of the size of the passive elements 16 
and 18 to the active elements 12 and 14, the easier it is to - 
determine, maintain and control the resonant frequency 
of the driving and driven sections. ‘ 

Different electrost'rictive materials offer different vibra 
tional characteristics, and the active elements 12 and 14 
may be made of the type of electrostrictive material 
which will give the particular results desirable. The 
selection of the size and material of the active and passive 
elements 12 and 14 provides a means of obtaining opti 
mum impedance matching between the transducer unit 
and the load. The ratios of the active and passive mate 
rials in the driving and driven sections A and B will con 
trol optimum impedance matching, the desired output 
impedance and voltage of the driven section, and also the 
voltage gradients in the active element 12. The selection 
may be made according to the characteristics desired of 
the transducer unit. 

In certain applications of the transducer unit 10, a very 
high output of compression wave energy may be desirable. 
In this event, several driving sections may be used with a 
single driven section. If, for example, 50 driving sections 
are used with a single driven section, a low power ampli 
?er may be added between the driven section and the gen 
erator. While this requires the added expense of an am 
pli?er, such expense may be offset by the reduced num 
ber of driven sections used. This illustration is given as 
an example only to show the versatility of the transducer 
unit. When multiple transducer elements are used they 
are connected in parallel. 
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Other modi?cations'may be made to change the char 
acteristics of the unit 10. For example, the active ele 
ments 12 and 14 may be separated by an additional pas 
sive element. In the embodiment described, the driving 
section A is placed in contact with the load device L, but 
equally satisfactory results may be obtained if the posi 
tions of the driven section A and the driven section B are 
reversed. The unit may be used with sonic as well as 
ultrasonic frequencies. 

Although a certain embodiment of this invention has 
been described in detail, it will be apparent to persons 
skilled in the art that modi?cations may be made. Con 
sequently, it is intended that the foregoing description 
should be considered as exemplary only and that the scope 
of the invention should be determined from the following 
claims. 

I claim: 
1. A compressional wave transducer comprising a pair 

of passive terminal elements, both electrically conductive, 
a pair of non-metallic electrically active elements between 
the terminal elements, a metallic conductive plate element 
between the active elements, a ductile element of con 
ductive material between each pair of said adjacent ele 
ments, each ductile element being bonded with cement to 
the adjacent elements whereby stresses between the ad 
jacent elements are accommodated by the ductile element. 

2. The transducer of claim .1 wherein thejfjaces of the 
active elements are metallized. 

3. The transducer of claim 1 wherein the elements are 
disc shaped. 

4. The transducer of claim 1 wherein cement consti 
tutes the sole attachment between adjacent elements. 

5. The transducer of claim 1 wherein the terminal ele 
ments constitute individual electrodes separately con 
nected to the active elements. 

6. The transducer of claim 5 wherein a rod is positioned 
centrally of said elements. 

7. ‘In a compressional wave transducer, a non-metallic 
electrically active element, a metallic passive element, both 
stacked against a stress relieving element of ductile mate 
rial, said elements each being bonded with cement to the 
adjacent element whereby stresses between the ?rst two 
elements are accommodated by the ductile element. 

8. A compressional wave transducer comprising a non 
metallic electrically active element having a metallized 
face, a metallic passive element having a congruent face, 
said elements being stacked with their congruent faces 
adjacent, a stress relieving element of ductile material be 
tween said congruent faces, said elements each being 
bonded with cement to the adjacent element whereby 
stresses between the ?rst two elements are accommodated 
‘by the ductile element. 
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