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y This invention relates to electromechanical 
transducers of the piezo-electric type for the con 
version of electrical energy into acoustical energy 
in either gaseous or liquid fluids. The invention 
is particularly useful at high energy levels and at 
high frequencies where there is danger of shat 
tering the piezo-electric crystals. Transducers 
of this type are used` in the treatment of gases 
or liquids for such purposes as emulsiñcation, 
sterilization and other elîects produced by super 
sonic vibrations at suitable energy levels. 
An object of the invention is to provide an im 

proved electromechanical transducer adapted for 
the conversion of electrical energy into mechani 
cal energy, said electrical energy being supplied 
at high frequencies in the supersonic or higher 
audible ranges or in the radio frequency spec 
trum, as the case may be, and at relatively high 
energy levels. 
A further object of the invention is to provide 

an improved construction for transducers of this 
type, permitting the use of piezo-electric crystals 
as the means of converting electrical energy into 
mechanical energy with increased emciency and 
with reduced tendency to cause shattering of the 
crystals. ' 

A further object of the invention is to provide 
an improved and efficient closure for separating 
the chamber in which the electromechanical 
transformation occurs from the chamber in 
which a liquid or other substance is subjected to 
mechanical treatment by the high frequency en 
ergy. 
Another object of the invention is to provide a 

member for separating the portion of the device 
utilized for treating the fluid from the portion in 
which the mechanical vibrations are produced by 
a member which in itself produces vibrations 
contributingí to the total mechanical energy. 
A further bject of the invention is to provide 

an improved-means for terminating a _stack of 
piezo-electric crystals in which the amount of 
mechanical energy produced at the contact 
boundary between the termination and any other 
object will be minimized. 
A further object of the invention is to provide 

means for adjusting the length of path of the 
acoustic waves produced in the ñuid medium to 
secure the most effective distribution of energy. 

Still another object of the invention is the 
provision of a transducer capable of converting 
electrical energy into mechanical energy, or vice 
versa, in which a face of the transducing mem 
ber is in engagement with a face of a reilecting 
member, the reflecting member having mechani 

2 . 

cal or acoustic properties which cause the face 
engaging the transducing member to absorb rela 
tively little mechanlcal energy. 
Other and further objects will become appar 

ent upon reading the specification. 
The particular embodiment of the invention 

' illustrated in the drawing shows a form of con 
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struction suitable for the treatment of fluids 
Whose electrical conductivity is suñiciently great 
to permit the ñuid to act as an electrode trans 
mittin'g energy to one end of the transducer. 
Where the fluid under treatment is suñ‘iciently 
non-conducting to prevent its use as an elec 
trode, electrical contact with the crystal may be 
established by aluminizing a face of the‘crystal 
or- by any other suitable means. 
Reference is now made to the drawings, in 

which: 
Fig. 1 represents a sectional elevation of a 

transducer embodying the invention, 
Fig. 2 shows an exploded perspective view of 

the crystal stack, 
Fig. 3 shows a modification-.of Fig. l providing 

for adjustment of the path length of the acoustic 
waves, and  

Fig. 4 represents a modified form of construc 
tion» for plate t of Fig. 2. 
Referring to Fig. l, the main housing of . the 

transducer consists .of an upper section. I se 
cured to a lower section 2‘ by means of bolts 3. 
An electrically conducting fluid to be treated 
enters by inlet t and leaves by outlet 5. A front 
crystal 6 is secured- between gaskets 'l and-8, be 
ing clamped between the upper section l and 
lower section 2 of the housing by the action of 
bolts 3. These gaskets prevent leakage from 
either section of the housing. ‘ 
Lower section 2 is filled with a circulating in 

sulating oil which also serves to cool the stack of 
vibrating piezo-electric crystals. This oil enters 
section 2 at inlet 9 and leave's at outlet l0. 
The crystal stack consists of front plate 8, in 

termediate crystals il, i2, and i3, and a rear re 
flector crystal I5, the crystals being assembled 
with additive polarity so that they all expand in 
response to one polarity and all contract in re 
sponse to the opposite polarity. 
Reñector crystal l5 is shown as being one-half 

the thickness of vibratory crystals li, i2, and i3, 
but it may be any odd number of l/A, wavelengths, 
the vibratory crystals being an odd number of 1A» 
wavelengths in thickness. The effective thick 
ness of front plate 6 is the same as that of a 
vibratory crystal, that is eiîectively an odd num 
ber of 1/2 wavelengths. , 
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"The housing is maintained at ground poten 

tial by conductor I8. An adjustable source I1 
of high power at high frequency is provided, one 
terminal of source I'I being grounded through 
conductor IB and the high voltage terminal be 
ing connected by conductor I9 to a terminal 
screw 20. An electrode 2| is held in yielding en 
gagement with reflector crystal I5 by the action 
of a compression spring 22. Electrode 2| also 

, makes sliding electrical contact with terminal 
screw 20. Terminal screw 20 and electrode {ZI are 
insulated from housing section 2 by insulators 
23 and 24 which engage gaskets 25 and 26 and 
are secured by the action of a nut 21 on termi 
nal screw 20. 
Between the reiìector crystals I5 and the front 

crystal 6 is a plurality of individual vibratory 
crystals II, I2 and I3. 'I'hese vibratory crystals 
are arranged in a stack with a film of oil be 
tween adjacent crystals. Embedded in the elec 
trode 2| as indicated at 29 is a plurality of verti 
cally extending retaining members 30 formed 
of suitable insulating material.A . 
The reflector plate I5 is entirely coated with a 

thin electrical conducting layer. This may be 
accomplished by any suitable process, such as 
aluminizing. In this manner the electrical con 
nection established by electrode IZ'I with the rear 
surface of reilector plate I5 is carried to the front 
surface of reflector plate I5 where it establishes 
contact with the rear surface of vibratory crystal 
I3. This also reduces any tendency on the part 
of the reflector crystal to generate second har 
monics of the frequency of the vibratory crystals. 
Thus, one terminal of sourcel I‘I is connected to 

the rear of the vibratory crystal stack through 
conductor I9, terminal screw 2U, rear electrode 2l 
and the conducting surface of reilector crystal I5. 
The other terminal is connected to the front 

surface of the stack through conductor I8 to 
ground and thence through conductor I6 to the 
metal housing section I of the unit. The front 
surface of the front crystal 6 will be in contact 
with the conducting solution under treatment, 
and its rear surface will be in contact with the 
front surface of vibratory crystal II. This will 
cause vibration of all the crystals of the stack 
including front plate 6 at the frequency gener 
ated by source Il which is adjusted to produce 
conditions approximating or the equivalent of 
resonance. All of the crystals, including front 
plate t and rear reiiector crystal I5 are “X-cut,” 
that is, cut to produce a mechanical deñection 
in a direction parallel to the direction of the 
electric ñeld. In the case of reflector crystal I5, 
it is shielded by its conducting coating and hence, 
generates no mechanical vibrations. 
As shown in Fig. 2, front plate 6 is provided 

 with two annular grooves, one on each side, there 
by providing a circular portion of reduced sec 
tion, concentricV with the stack of vibratory 
crystals II, I2 and I3, as indicated at 28. An 
alternative arrangement is illustrated in Fig. 4, 
in which the entire central section of 6’ is of re 
duced thickness. 
In operation, the frequency of source I1 is ad 

justed to a value at or near the natural period of 
vibration of crystals II, I2, and I3. The dimen 
sions of front plate 6 are so proportioned with 
respect to the dimensions of intermediate crystals 
II, I2, and I3 that its natural period of vibra 
tion will be as nearly as possible the same as that 
of the intermediate crystals, or an odd number of 
half wavelengths. 

It will thus be seen that front crystal 6 not 
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only divides the complete transducer unit into 
a treatment compartment and a transducing 
compartment but it'also brings a vibration gen 
erating surface directly into contact with the 
fluid being treated. This arrangement increases 
the efliciency of the unit as compared with trans 
ducers of this type in which the vibratory energy 
is applied to the iìuid under treatment through a 
diaphragm. Such a diaphragm, when used to 
divide the unit into two compartments, absorbs 
vibratory energy which would otherwise be trans 
mitted to the iluid under treatment. 

In Fig. 3, provision is made for adjusting the 
path of travel of the acoustic waves generated in 
the fluid under treatment. A threaded member 
3| is adjustably inserted in upper housing por 
tionl and is provided with a nut 34 which may 
be pinned to member 3l, if desired. Nut 34 limits 

' the travel of member 3|, or may be used by 
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adding lock-washers to prevent member 3| from 
turning. Outlet connection 5 is held by packed 
gland 32-33 in movable hydraulic connection 
with member 3|. Thus, member 3| may be ad 
justed to any desired position to produce stand 
ing waves, or to produce any other interference 
pattern, the particular adjustment being se 
lected >to produce the most effective pattern of 
energy distribution in the :duid under treatment. 

If reiiector crystal I5 is one-half the thickness 
of the vibratory crystals, its rear surface will be 
a nodal point and little or no mechanical mo 
tion will occur where it engages electrode 2|. 
This results in a minimization of energy devel 
oped at the rear terminus of the crystal stack 
with a corresponding increase in the amount of 
energy transmitted to the iluid under treatment. 
For example, let t1 represent the thickness of 
each of the vibratory crystals II, I2, and I3 
and the effective thickness of front plate 6, and 
let t2 represent the thickness of reñector plate 
I5. As previously described t2: 1A, t1. At the fun 
damental frequency of the intermediate crystals 

7\ 
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where A represents the wavelength of the me 
chanical vibrations generated in the crystals. 
Then 

t2: 

where higher frequencies are desired, odd har 
monies of the fundamental frequency may be 
employed and 

m and n being any positive integers. 
Reflector crystal I5 has been indicated as a 

crystal of material having the same vibratory 
properties as the other crystals of the stack. It 
may be desirable in many instances to sub 
stitute some other substance, such as steel or 
other metallic alloy. By using a substance which 
is electrically conducting, the necessity for alu 

or otherwise rendering the reflector 
plate electrically conducting will be eliminated. 
The thickness of the rear reflector member, when 
constructed of 'some substance dissimilar in its 
properties from the vibratory crystals, will de 
pend upon the velocity of propagation of the 
mechanical vibrations through the particular 
substance, the thickness being such that it will 
be substantially one-quarter wavelength, or an 
odd multiple oi’ quarter wavelengths, assuming 
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the vibratory crystals to be one-half wavelength 
in thickness or an odd number of half wave 
lengths in thickness respectively. If there is a 
change in propagation velocity accompanying a 
change in frequency, and it is‘desired to use the 
same material at a. diiïerent frequency, the 
thickness may be adjusted accordingly. For best 
results, it is desirable that the radiation resist 
ance (product of density and acoustic velocity) 
of the material used in the reflector be substan 
tially the same as that of quartz. This main 
tains a uniformity of medium and avoids un 
desired reñection phenomena. It is also desirable 
that mechanical hysteresis losses of the reñector 
be of the same order of magnitude as that of the 
vibratory crystals in order to obtain effective re 
ñection. 
The crystals have been indicated as circular 

discs, but any other convenient shapev may be 
utilized if desired. 
The embodiment of the' invention described 

above is particularly adapted for the treatment 
of iluids by high frequency acoustic energy. The 
invention, however, by reason of the well known 
piezo-electric properties of the crystals, will op 
erate eiîectively t0 transform acoustic energy 
into electrical energy. When so operating, the 
reñector member I5 serves to improve the eiì 
ciency of the transducer in the same manner as 
when the transducer is delivering an output of 
mechanical energy. 
What is claimed as new and desired to be 

secured by Letters Patent of the United States 
is: 

1. In a piezo-electric transducer, a metallic 
housing comprising two sections, a plate of piezo 
electric material yieldingly clamped between said 
sections, annular grooves on both sides of said 
plate circumscribing a central area thereof and 
increasing the freedom of movement of said 
central area with respect to the remainder of 
said plate, a plurality of disc-shaped piezo-electric 
members of substantially identical dimensions 
and piezo-electric properties stacked upon each 
other and in contact with one side of said circum 
scribed area of said plate, a terminating piezo 
electric disc in contact with said stack of‘discs 
of substantially the same diameter and piezo 
electric properties but one half the thickness of 
said first-named discs, an electrically conduct 
ing coating completely surrounding said termi 
nating disc, an electrode yieldingly engaging said 
conducting coating, a source of high-frequency 
energy having two terminals, conductors con 
necting one of said terminals to said electrode 
and the other of said terminals to said metallic 
housing, means for circulating an electric con 
ductive cooling and insulating iiuid in and 
about the section of said housing containing 
said discs, and means for circulating a ñuid to 
be treated in and about the other section of said 
housing. 

2. An electromechanical transducer compris 
ing a housing, a principal piezo-electric crystal 
dividing the housing into two portions, means 
for circulating a ñuid through one portion, a 
plurality of intermediate piezo-electric crystals 
in the other portion and in contact with the 
principal crystal and an electrical circuit dis 
posed to permit energization of all of the crystals 
simultaneously whereby mechanical vibrations 
may be imparted to the fluid directly from the 
principal crystal. 

3. An electro-mechanical transducer includ 
ing a plurality of piezo-electric crystals of identi 
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cal material ln stacked relation and comprising 
an outer crystal of substantially one-half the 
thickness .of the other crystals and having a 
metallic coating disposed to render the outer 
crystal substantially piezo-electrically inactive. 

4. An electro-mechanical transducer includ 
ing a plurality of piezo-electric crystals in stacked 
relation and an outer harmonically related inac 
tive crystal of the same material as the ñrst 
named crystals having a nodal outer surface. 

5. An electro-mechanical transducer compris 
ing a metallic housing, a piezo-electric plate 
dividing the housing into a fluid treating com 
partmentand a cooled transducing compartment, 
a plurality of disc-shaped piezo-electric crystals 
in stacked relationship, one of which is in con 
tact with the plate, an electrically conductivev 
reilecting terminating disc of material having 
acoustic properties substantially equivalent to the 
properties of said piezo-electric crystals and hav 
ing one side in contact with the crystal most 
remote from the plate and providing a nodal 
surface on the other side, and an electrical cir 
cuit including in series the terminating disc, 
the crystals, the plate, the ñuid to be treated 
and the housing and adapted to be energized 
from a suitable source of electrical energy. 

6. An electro-mechanical transducer compris 
ing a metallic housing, a piezo-electric plate 
dividing the housing into a treating compart 
ment for an electrically conductive ñuid and a 
transducing and cooling compartment and in 
direct contact with the ñuid during treatment 
thereof, a plurality of disc-shaped piezo-electric' 
crystals _in stacked relation one of them being in 
contact with the plate, a terminating disc of 
piezo-electric material covered with an electri 
cally conducting coating rendering it piezo-elec 
trically inactive and substantially one-half the 
thickness of each of the crystals and in contact 
with the crystal most remote from the plate and 
an electrical circuit adapted to be energized from 
a suitable source including in series the terminat 
ing disc, the crystals, the plate, the fluid to be 
treated and the housing. 

7. An' electro-mechanical transducer compris 
ing a metallic housing, a piezo-electric plate di 
viding the housing into a treating compart 
ment for an electrically conductive ñuid and 
a transducing compartment, a plurality of disc 
shaped piezo-electric crystals in stacked relation 
ship one of which is in contact with the plate, 
a mechanically antiresonant electrically con 
ductive reiiecting termination of such material 
and dimensions that the time for wave propaga 
tion through the termination is substantially one 
half the time forpropagation through one of 
the crystals and an electrical transducer energi 
zation circuit including in series the termination, 
the crystals, the plate, and the iiuid to be treated. 

8. An electro-mechanical transducer compris 
ing a metallic housing, a piezo-electric plate 
disposed to have one side thereof in contact with 
a iiuid to be treated and dividing the housing 
into a fluid treating compartment and another 
compartment, a plurality of disc-shaped piezo 
electric crystals in the other compartment in 
stacked relation having an end crystal in con 
tact with the plate, and a piezo-electrically in 
active reflecting termination in contact with the 
end crystal at the opposite end of such material 
and dimensions that the time for wave propaga 
tion through the termination is substantially one 
half the time for propagation through one of 
the crystals. 



2,498,787 
7 

9. An electro-mechanical transducer compris 
ing a two-part housing of electrically conductive 
material, a piezo-electric plate effectively of sub 
stantially an odd number of half-wavelengths in 
thickness with reference to the propagation ve 
locity of vibration therein dividing the parts of 
the housing into a fiuid treating compartment 
and a transducing compartment but substantially 
electrically and mechanically insulated from the 
walls of the housing, a plurality of disc-shaped 
vibratory crystals disposed in the transducing 
compartment in stacked relation, one crystal be 
ing in contact with the plate and being of an 
odd number of half wavelengths in thickness, a 
piezo-electrically inactive reflector member in 
contact with the one of said vibratory crystals 
most remote from the plate and being effectively 
of an odd number of one-quarter wavelengths 
in thickness, an electric circuit, and circuit means 
adapted for connection to a suitable source 
of electrical energy capable of energizing all of 
the active piezo-electric elements at a frequency 
at or in proximity to the fundamental natural 
period of vibration of said vibratory crystals or a 
harmonic thereof. 

10. A transducer as in claim 6 in which the 
terminating disc is rendered piezo-electrically in 
active by electrostatic shielding means. » 

11. A transducer as in‘claim 6 in which the 
terminating disc is rendered piezo-electrically in 
active by a covering of aluminum applied there 
to. 

12. A transducer as in claim 2 in which the 
fluid to be treated is electrically conductive and 
the fiuid is included in the electrical circuit. 

13. In a device of the class described, a piezo 
electric driving member rendered broadly tuned 
by the driven load, and a sharply mechanically 
anti-resonant terminating member of the same 
material as the first-named member in mechani 
cal engagement with the driving member. 

14. In a device of the class described, electro 
mechanical transducing means having two spaced 
active surfaces, a driven mechanical load in op 
erative engagement with one surface, and a 
mechanically anti-resonant reflecting member of 
the same material as the first-named member 
in operative engagement with the other face. 

15. A device as in claim 14 in which the me 
chanical load absorbs energy sufficient to render 
the tuning of the transducing means relatively 
broad and in which the reflecting member ab 

„ sorbs relatively little energy rendering its tuning 
relatively sharp. 

16. An electro-mechanical transducer includ 
ing a plurality of piezo-electric crystals in stacked 
relationship, the effective thickness of each 
crystal being substantially an odd number of 
half wavelengths and a piezo-electrically inactive 
reflecting member of the same material as the 
piezo-electric crystals in engagement with one end 
of the stack. 

17. In an electromechanical transducer, in 
combination, a piezoelectrically active transduc 
ing member, and a piezoelectrically inactive re 
flecting member of the same material as the first 
named member mechanically resonant at a fre 
quency bearing a predetermined relationship to 
the natural frequency of the transducing mem 
ber and in mechanically effective engagement 
therewith. 

18. A transducer as in claim 17 in which a 
fluid film is interposed between the two mem 
bers. 

19. A transducer asin claim 17 in which a 

film of oil is interposed between the two mem 
bers. 

‘20. A transducer as in claim 17 in which an 
electrically non-conductive ñuld surrounds the 
transducing member >and forms a film extending 
intermediate the two members. 

21. In an electromechanical transducer for 
' operation at a predetermined frequency, in com 
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bination, a piezoelectrically active transducing 
member of the same material as the transducing 
member, and a piezoelectrically inactive reflect 
ing member in effective mechanical engagement 
with the transducing member and of dimensions 
so related to the dimensions of the transducing 
member, that at the frequency of operation of 
the transducer the reflecting member will pro 
vide> a surface at which mechanical vibrations 
imparted to the reflecting member by the trans 
ducing member are minimized. 

22. A transducer as in claim 21 in which. a 
fluid film is interposed between the two mem 
bers. . ' 

23. A transducer as in claim 21 in which a film 
of oil is interposed between the two members. 

24. A transducer as in claim 21 in which an 
electrically non-conductive fiuld surrounds the 
transducing member and forms a fllm extending 
intermediate the two members. 

25. A transducing device comprising two com 
partments, a piezoelectrically active memberhav 
ing two spaced surfaces forming a partition be 
tween the two compartments, and a further piezo 
electrically active member in one of the com 
partments having a surface in effective mechani 
cal engagement with a surface of the partition 
member. 

26. A device as in claim 25 in which a fluid 
film is interposed between the engaging sur 
faces of the two members. „ 

27. A device as in claim 25 in which a film of 
oil is interposed between the engaging surfaces 
of the two members. 

28. A device as in claim 25 in which an elec 
trically non-'conductive fluid surrounds the fur 
ther member and forms a film extending be 
tween the engaging surfaces of the two mem 
bers. 

29. A transducing device comprising two com 
partments, a piezoelectrically active member hav 
ing two spaced surfaces forming a partition be 
tween the two compartments, a 'piezoelectrically 
active transducing member4 in one of the com 
partments having two spaced surfaces. one of 
which is >in mechanically effective engagement 
with a surface of the partition member, and a 
piezoelectrically inactive reflector member hav 
ing two spaced surfaces one of which is in me 
chanically effective engagement with a surface 
of a piezoelectrically active member the other 
surface of the reflector member being substan 
tially vibrationally nodal and suitable for en 
gagement with a fixed supporting member. 

30. A device as in claim 29 in which a fluid film 
is interposed between the engaging surfaces of 
the members. 

31. A device as in claim 29 in which a film 
of oil is interposed between the engaging sur 
faces of the members. 

32. A device as in claim 29 in which an elec 
trically non-conductive fluid surrounds the trans 
ducing member and forms a film extending over 
the engaging surfaces thereof. 

33. In an electromechanical transducer, in 
combination, a piezoelectrically active transduc 
ing member having two spaced substantially 
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parallel surfaces, anda piezoelectrically inactive ' 
reflector member of the same material as the 
-transducing member having two spaced sub 

‘ stantially parallel surfaces, one of the surfaces 
being in eñ‘ective mechanical engagement with 
one of the surfaces of the transducìng member y 
and the other surface being substantially Vibra 
tionally nodal and adapted for engagement with 
a ñxed surface.  _ 

34. A 'transducer as in claim 33 in 'which a 
ñuid ñlm is interposed between the two mem 
bers. ~ 

35. A transducer as in claim 33 in which a ñlm 
of oil ,is interposed between the two members. 

36. A transducer as in claim 33 in which an 
electrically non-conductive ñuid surrounds the 
transducing member and forms a ñlm extending 

intermediate the engaging surfaces of the two 
members. - 

` '  CORA E. HOLDEN, 

Ezeeutriœ under the Last'Will and Testament of 
Charles Revell Holden, Deceased. 
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