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This invention re'ates to transducers and more 
specifically to piezoelectric crystals and the 
method of mounting same. 
One of the main uses for these crystals is to 

control an electronic oscillator by vibrating the 
crystal at its natural or resonant frequency. 
There are, however, uses for these crystals in 
which the same are vibrated at frequencies off 
resonance to impart mechanical vibration to an 
other structure. An example of this latter use is 
set forth in Patent No. 2,431,233, granted Novem 
ber 18, 1947, entitled “SuperSonic Measuring 
Means' filed April 21, 1944, in the name of Wesley 
S. Erwin and assigned to a common assignee. In 
that instance a Crystal is vibrated or Set into 
motion by an oscillator, tunable over a prede 
termined frequency range, and thus driven me 
chanically at a number of different frequencies. 
The mechanical vibration of the crystal is trans 
mitted to the mass to be tested by contact pres 
sure to determine certain physical or structural 
characteristics of the maSS. In Such use it is 
desired to drive the Crystal off resonance and 
transmit various known frequencies to the load. 
Therefore, spurious vibration of the crystal, 
which may be caused by various harmonic 
modes of oscillation within the crystal it 
Self, may result in acquiring inaccurate and un 
dependable results. A mechanical device such as 
a crystal having regular configuration may easily 
set itself into modes of Oscillation in any of its 
three axes. It is desired, therefore, to design a 
crystal to minimize these objectionable modes of 
oscillation. One means of obtaining this result 
is described in copending Application 575,387, 
filed January 31, 1945, now U. S. Patent No. 
2,485,722, dated October 25, 1949, under the name 
of Wesley S. Erwin and assigned to a common as 
signee. 

It is therefore an object of Our present inven 
tion to provide a piezoelectric crystal having no 
resonant frequency within the range of Opera 
tion. 

It is a further object of our invention to pro 
vide a means of transforming electrical energy 
into mechanical energy and transferring this me 
chanical energy to a body at maximum efficiency. 

It is a still further object of our invention to 
provide a piezoelectric crystal having grooves 
therein to attenuate modes of Oscillation in the 
Y and Z axis of the crystal. 

It is a still further object of our invention, to 
provide a transducer having a plurality of piezo 
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2 
simultaneously impart in phase, vibration to 
common body. 
With these and other objects in view it becomes 

apparent as the specification proceeds that our 
invention will be best understood with reference 
to the following specification and claims and the 
illustration in the accompanying drawings in 
which: 

Fig. 1 shows a usual crystal in contact with the 
body to be vibrated. 

Fig. 2 shows a multiplicity of crystals in con 
tact with a common body. 

Fig. 3 shows modes of Oscillation of the usual 
piezoelectric crystal. 

Fig. 4 shows One means for mounting a plural 
ity of Crystals. 

Figs. 5 and 6 show the use of grooves to attenu 
ate undesired modes of Oscillation. 

Referring more particularly to Figs. 1, 2 and 
3, Fig. 1 shows a usual crystal 2 in contact with 
the body to be vibrated 4. Fig. 2 shows a multi 
plicity of crystals 6 having the same overall vol 
ume as crystal 2 in Fig. 1 but having approximate 
ly three times the area of contact with the body 
to be vibrated 4. Separations 8 and 0 of the 
crysta's prevent objectionable modes of vibration 
in the Z axis while the separations f2 and f4 pre 
vent objectionable harmonics in the Y axis. 
These harmonics Or modes of Oscillation are 
shown in Fig. 3 in which 6 is a third harmonic 
and 8 is a fifth harmonic in the Y axis. This 
Crystal, of Course, Would have the same type of 
harmonic oscillation in the Z axis. 

Fig. 4 illustrates means of mechanically sup 
porting and electrically connecting a plurality of 
crystals so as to get maximum contact and trans 
fer of energy to the work with a minimum ob 
jectionable harmonic and modes of Oscillation 
in the Y and Z axes. In this figure, 20, 22 and 
24 are piezoelectric crystals with electrodes 2, 23 
and 25 on their upper surfaces which are firmly 
mechanically and electrically connected to the 
spring conductors 26, 28 and 30. These spring 
conductors are supported on the backing plate 
32, said backing plate being made of a rigid in 
sulating material. The conductors 26, 28 and 
30 extend through openings in the backing plate 
32 and are electrically connected to a common 
conductor 34 to receive electrical energy. 

Referring to Fig. 5, 36 is a piezoelectric crystal 
having a groove 38 to attenuate undesirable 
nodes of OScillation in the Y axis and grooves 
40 and 42 to attenuate undesirable modes of os 
Cillation in the Z axis. As illustrative of groove 

electric crystals So supported and arranged to 55 depths it has been found that satisfactory opera 
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tion is obtained if the grooves extend at least 
one-third through the crystal. 

Referring to Fig. 6, the piezoelectric crystal 44 
has a toroidal groove 46 cut therein. This groove 
is shown as being circular in cross-section but a 
groove of any othel configuration will give satis 
factory results if of sufficient depth and extends 
sufficiently across the face of the crystal. 
In the modification of our invention shown in 

Figures 2 and 4, the frequencies of the Y and Z. 
modes of oscillation are increased by a factor 
which is the reciprocal of the dimension factor 
of the crystal in the axis under consideration. 
In the modification of our invention shown in 

3igure 5, the ordinary Y and 2 modes of oscilla 
tion are eliminated by the grooves which change 
the part modulus of the crystal in these direc 
tions. The modes remaining in the crystals 
shown in FigS. 2, 4 and 5 are of Such high fre 
quency or are So Small as to be unobjectionable in 
the contemplated applications of this device. 

Fig. 6 eliminates the objectionable modes of os 
cillation by attenuating and dispersing the wave 
front when it strikes the curved portion of the 
grOOWe. 

It is to be understood also that although the 
invention has been described with specific ref 
erence to a particular embodiment thereof, it 
is not to be So limited, since changes and altera 
tions therein may be made which are within the 
full intended scope of this invention as defined 
by the appended claims. 
We claim: 
1. A piezoelectric crystal to impart mechanical 

vibration to a load, Said crystal having a dimen 
Sion in the direction of vibration transmission 
such as to place all its resonant frequency modes 
in this direction outside the range of operating 
frequencies and having a dimension normal to 
the direction of vibration transmission such as 
may place one or more resonant frequency modes 
in this direction within the range of operating 
frequencies, said Crystal having a groove cut in 
one side of the crystal which lies in a plane 
normal to the direction of vibration transmis 
sion to alter the formation of modes of vibration 
in the dimension transverse to the groove. 

2. A piezoelectric crystal to impart mechanical 
vibration to a load, said crystal having a dimen 
sion in the direction of vibration transmission of 
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4. 
magnitude less than one wave length in the crys 
tall material of the highest operating frequency 
of vibration and a dimension transverse the di 
rection of vibration transmission equal to one 
or more Wave lengths of a frequency within said 
range of operating frequencies, said crystal hav 
ing a plurality of transverse grooves in one face 
of the crystal lying in a plane transverse the 
direction of vibration transmission to suppress 
resonant modes of vibration in the axes along 
Said face. 

3. A piezoelectric crystal to impart mechanical 
vibration to a load, said crystal having a dimen 
tion in the direction of vibration transmission of 
magnitude less than one wave length in the crys 
tal material of the highest operating frequency 
of vibration and a dimension transverse the di 
rection of vibration transmission equal to one or 
more Wave lengths of a frequency within Said 
range of Operating frequencies, said crystal hav 
ing a toroidal shaped groove in the face of the 
crystal lying in a plane transverse the direction 
of vibration transmission to suppress resonant 
modes of vibration in axes along said face. 

4. A piezoelectric crystal as claimed in claim 
3 in which the depth of the groove is between 
One-quarter and three-quarters of the thickness 
of the crystal. 

5. A piezoelectric crystal as claimed in claim 
3 in which both the depth and the width of the 
groove is between one-quarter and three-quar 
ters of the Crystal's thickness. 

CHARLES F. KETTERNG. 
WESLEY S. ERWIN. 
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