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United States Patent Office 3,194,209 
Patented July 13, 1965 

3,194,209 
ULTRASONIC GENERATOR 

Arthur Nelkin, Pittsburgh, Robert A. Lester, Pitcairn, 
Robert H. Whittaker, Export, and John H. Thompson, 
Pittsburgh, Pa., assignors to Westinghouse Electric Cor 
poration, East Pittsburgh, Pa., a corporation of 
Pennsylvania 

Filed Jan. 31, 1962, Ser. No. 170,157 
5 Claims. (C. 116-137) 

The present invention relates to a transmitter for gen 
erating ultrasonic signals and more specifically to a flex 
ural mode mechanical resonator to generate ultrasonic 
signals of the predetermined frequency in the supersonic 
or ultraSonic range. 
The requirements for usable mechanical resonators is 

that they can vibrate with sufficient amplitude and also 
sufficient duration. In addition, if these resonators are 
to be used as ultrasonic transmitters they must be capable 
of producing such signals of a frequency within a range 
of frequencies so that the ultrasonic receiver will be able 
to accurately detect the transmitter signal despite various 
other signals which may be present. Such a desirable 
range would be in the order of 30 kilocycles to 60 kilo 
cycles where there is a minimum of extraneous sound 
signals from such things as squcaky door hinges, ripping 
of paper, and also a minimum of extraneous electromag 
netic signals such as from radio station transmitters, etc. 
Further in this frequency range the air absorption is rela 
tively low. In addition the resonator should be relatively 
Small. 
The types of vibration which bars or plates assume after 

they are actuated have been known for many years. Ex 
amples of various types of modes are illustrated in the 
book "Acoustical Engineering' by Olson published by D. 
Van Nostrand Co., 1957. Page 65 of this book illustrates 
various typcs of "flexural modes of a disc or plate' while 
on page 67 of this book longitudinal vibrations of a rod 
are illustrated. Many of the modes illustrated in this 
book have been found unsatisfactory for use as a mechani 
cal resonator or an ultrasonic transmitter either because 
the discs, rods or plates cannot be or have not been satis 
factorily mounted to provide sufficient output from the 
resonating element. More specifically, most heretofore 
known mounting mcans for many of thcse resonators, ab 
sorbs most of the vibratory energy so that amplitude and 
ring time of the vibrations or the resonating elements are 
very small. 
A complete theory of the vibration of a plate suspended 

in air was described in a celebrated memoir by Kirchhoff 
in 1850. In this memoir, it was described that the gravest 
of all normal modes has no nodal circle but rathcr vibrates 
with at least two nodal diameters in a flexural mode. It is 
stated in this memoir and other works that a circular plate 
and a square plate has its gravest mode with two nodal 
lines that cross each other through the center of the cir 
cular or square plate. Since the Kirchhoff grave mode 
is predicated upon a circular plate or Square plate being 
suspended in air with no suspension or contact or very 
little suspension contact, it has heretofore been found to 
be impractical to utilize such a vibrating resonator for 
producing ultrasonic signals. 

Accordingly, it is an object of the invention to provide 
a new and improved ultrasonic generator utilizing a flex 
ural mode resonator having at least two nodal diameters 
to generate ultrasonic signals of a predetermined fre 
quency. 
A further object of the invention is the provision of a 

O 

15 

20 

30 

40 

5 5 

60 

65 

2 
new and improved Kirchhoff grave mode resonator for 
generating ultrasonic signals. 

It is a still further object of the invention to provide a 
flexural mode resonator in the form of a plate which can 
produce ultrasonic signals of the predetermined frequency 
having relatively large amplitude and duration. 
An ultrasonic generator embodying the present inven 

tion includes a resonator which vibrates in a flexural mode 
with a plurality of nodal diameters which diameters inter 
cept at a reference point to form an axial reference 
through the resonator. A mounting pin is integral with 
the plate and positioned concentric with the reference axis. 
The pin extends outwardly from the plate so that the 
vibrations of the plate travel a short distance down the 
integral pin and are cancelled so that there is no vibratory 
energy at the lower mounting portion of the pin and 
hence no energy is lost to the mounting. Means are ap 
plied to the outer edges of the plate to impart energy to 
the plate to initiate oscillations of the flexural mode reso 
nator. To further increase the output of the ultrasonic 
resonator, a housing is employed around the resonator and 
is spaced parallel with the resonator surfaces a distance 

A NA 
i+ 2 

wherein A is the wave length of the ultrasonic signals 
caused by the vibration of the resonator and N equals any 
integer or zero. This housing includes apertures therein 
so that the phase of the ultrasonic signals coming out of 
the housing arc substantially in phase whereas the energy 
from the quadrants in the other phase of vibration are not 
transmitted into space so as to prevent cancellation of the 
first named phase vibrations. 

These and other advantages of this invention will be 
more clearly understood from the following description 
when read in conjunction with the accompanying draw 
ings in which: 

FIG. 1 is an isometric exploded view of an assembly 
layout of an ultrasonic generator constructed in accord 
ance with the present invention; 

FIG. 2 is a top view of the device illustrated in FIG. 1; 
FIG. 3 is a cross-sectional view taken along lines 

III shown in FIG. 2 
FIG. 4 is a top view of the resonant plate illustrated 

in FIG. 1 with the housing illustrated therein shown in 
dotted lincs; 

FIG. 5 is an isometric view of the resonant plate and 
mounting member of the resonator shown in FIG. 1; 
FIG. 6 is a cross-sectional view of the mounting pin 

of the resonator illustrated in FIGS. 1 through 5; 
FIG. 7 is a side view of another embodiment of the 

invention; and, 
FIG. 8 is an isometric view of a third embodiment of 

the invention. 
FIG. 1 shows an assembled isometric view of an ultra 

sonic generator constructed in accordance with the pres 
ent invention. This generator comprises generally a reso 
nator 10 which is mounted on a base member 20. The 
resonator 10 shown is a plate, shown as circular in FIG. 
1, which when energy is imparted near the periphery 
thereof, will vibrate in a flexural mode having at least 
two nodal diameters so as to provide opposite scctors on 
the plate which are in phase during vibration as shown in 
FIG. 4. As shown in FIG. 4, the plus sign indicates sec 
tors B and D on the disc which will be traveling toward 
the viewer whereas the negative sections A and C will 
be traveling away from the view.crat point in tinc during 
the vibration of the plate. This type of vibration is char 

r A. 
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acteristic of a resonator which is suspended in free air 
contacting no other external structure. Ordinarily mount 
ing such a plate to produce such a vibration absorbs such 
a great amount of the vibratory energy in the mounting 
means that ultrasonic signals transmitted to the air are 
negligible. In the present invention, however, a mounting 
means which was found to produce or effect relatively 
large amplitude and duration vibrations is employed. 
The mounting means which enables one to utilize the 
vibration characteristic of an air suspended plate is a pin 
or mounting means which is integral with the vibratory 
plate. When such a plate suspended in free air vibrates, 
the vibrations are described by nodal diameters d and d. 
shown in FIG. 4. The diameters define sectors of vibra 
tions or movement up and down. These nodal diamcters 
intersect at a vibratory reference point V on the plate and 
define a reference axis extending through and normal to 
the plate. The mounting pin for such a resonator is in 
tegral with the plate with the axis of the pin intersecting 
the above described reference axis at a point which is in 
the plane of intersection of the two members. In this 
fashion, the sections of vibrations of the plate are trans 
mitted down the integral pin so that the plus and minus 
vibrations or up and down vibrations fransmitted down 
the pin are equal and opposite and at some point before 
the mounting portion of the pin these vibrations are com 
pletely canceled so as to provide no transmission of energy 
outwardly from the pin. Hence, there is substantially 
no loss of energy from the resonator except to the free air. 

It has been discovered that in order to effect substan 
tially no loss to the mounting portion of the mounting pin, 
the mounting pin and the resonator innust be integral and 
preferably made of the same piece of material as the 
plate. Integral, however, is not meant necessarily to 
innean that the pin is constructed from the same piece of 
material or metal as the resonator but rather is meant 
to include any similar connection such as where the pin 
is alloyed to the resonator. 
A housing 30 is constructed around the disc and a 

striker means 40 is secured to the housing so as to impart 
energy to the disc to initiate vibrations thereof. The 
housing is spaced at odd quarter wave lengths from the 
sides of the disc or the plate so as to effect storage of 
energy back to the disc which it is not desired to utilize. 
As shown in FIG. 1, apertures are provided in the hous 
ing 30 which are opposite vibrating surfaces of the plate 
that are in phase and hence utilizing only one phase of 
ultrasonic energy coming from the resonant disc 10. 
Still another aperture is provided in the housing which 
in the embodinent of FIG. 1 is a striker mounted on a 
Spring to impart mechanical energy to the outer edges of 
the disc to initiate oscillations thereof. 

In the embodiment of the invention illustrated in FIG. 
1, the resonator 10 comprises a circular disc 1 having 
an upper major surface 12 and a lower major surface 13 
with a circular outer peripheral side edge 14, Extending 
downwardly from the vibrating plate 11, as shown in 
FIG. 5, is an integral cylindrical pin 15 having a mounting 
portion with Screwthreads 16 at the free end thereof to 
define a mounting portion for mounting the vibrator. The 
pin 15 is integral with the plate 11 and is concentric with 
the periphery of the plate 11. In a preferred form for 
optimum or greatest ultrasonic output, the pin 15 and 
the plate 1 are formed out of the same piece of material 
Such as by constructing the pin 15 by taking a cylindrical 
body and turning down one portion thereof with a lathe 
to produce the pin 5. 
The pin 15 is shown as extending from the lower major 

Surface 13, however, a similar pin could also extend 
from the upper major surface 12. Such a pin must also 
be integral with resonator 11 and concentric with the ref 
erence axis described by the nodal diameters d and d. 

FIG. 4 illustrates a top view of the resonator 1. This 
view illustrates a typical flexural mode vibration of the 
disc which is described by two nodal diameters d and d. 
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4. 
As shown in FIG. 4, when the plate 11 vibrates, it will 
describe four vibrating sections A, B, C and D. In this 
configuration where the plate is a circular disc, these 
four Sections are 90' sectors. As shown in FIG. 4, Sec 
for A and sector C are in phase and are designated as 
such with a minus sign (-), whereas the sector B and 
sector D are also in phase designated as such by a plus 
sign. That is, at a given point in time the Sectors A and 
C are going away from the viewer whereas the sectors B 
and D are out of phase with the sectors A and C and are 
coming up toward the viewer of the drawing. As can 
be understood, the maximum point of vibratory amplitudc 
is in the center of the sectors and these vibrations are pro 
duced about the two nodal diameters d and d. The 
vibration illustrated in FIG. 4 is descriptive of a vibra 
tion of a circular disc which is in free air and has no 
Structural contact with any other element. As described 
above, this is the gravest mode of a plate although as ex 
plained above, the problem of mounting such a vibra 
tory System without losses to its support has heretofore 
been quite unsatisfactory. In addition, it is possible under 
Some conditions and with certain dimensions and modi 
lates of elasticity to produce a flexural mode of vibra 
tion where there is nore than two nodal diameters. The 
particular mounting means disclosed in the embodiment 
of the invention, however, will work satisfactorily with 
any flexural mode resonator having at least two or more 
nodal diameters. Further the resonator can be a circular 
plafc or cylinder or a square or rectangular plate or block. 
The particular vibrations illustrated in FIG. 4 are pro 

duced by imparting energy such as by a mechanical striker 
or a piezoelectric crystal, to either surface 12, 13 or 14. 
The point at which the energy is applied to the resonator 
determines the location of the nodal diameters d and d. 
with d being 45 in one direction from this point and 
da being 45' in the opposite direction from this point. 
In order to provide a maximum of energy transfer from 
the actuating means, such as a striker mounted on a 
Spring, the striker should hit the outer peripheral edge 14 
or should hit the surfaces 12 and 13 of the vibrating plate 
11 near the periphery thereof. The closer the energy is 
applied to the center of the disc the less the amplitude 
and duration of the vibrations. If the energy is applied 
to the Surface of the resonator at a point in actuating 
planes Pi and P2 nodal diameters d and d will be set 
up as shown in FIG. 4. 

More specifically, when the disc is struck by a striker, 
this point on the disc preferably substantially outwardly 
from the center of the disc, then sets up nodal diameters 
at 45° extending radially from the center of the device, 
from the point at which the energy was imparted to the 
disc. If the vibrating plate 11 is struck near the center 
thereof, very little vibrating will be initiated since only 
a very Small amount of the deflection of the vibrating 
plate 1 1 will be effected. 
When the disc or plate 11 commences to vibrate as 

shown in FIG. 4, the nodal diameters d and d describe 
a point of vibratory reference 'i and a reference axis 
at the inner section thereof. On the lower major surface 
13 of the disc 1 i, this point as projected on the lower 
major Surface is also the symmetrical center of the mount 
ing pin 15 with the intersection of the disc 11. More 
Specifically, the reference axis, in the embodiment of 
the invention, is the center about which the pin 15 is 
mounted on disc . 
FIG. 6 illustrates the pin 15 with a cross section taken 

through the plane at which the pin 15 joins the lower 
major surface 13 of the vibratory plate 11. 
The motion imparted to the pin 15 by the sectors A and 

C will be equal and opposite to the notion imparted by 
the pin body sectors B and D. Consequently, equal and 
opposite motions will oppose each other and cancel out 
a short distance down pin 15 so as to retain the energy 
within the disc 11 and not allow this energy to be dis 
sipated in the mounting on the disc, 
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In order for the motion transmitted down the shaft 15 
from sectors A and C to be equal to the sectors B and D, 
it has been discovered that the pin must be integral with 
the vibratory plate 11. Forcing the pin 15 into a hole on 

6 
ultraSonic output, the material of resonator should 
have a Q of at least 5,000 to 10,000. Some aluminum 
base netals as well as other metals have Q's of at least 
this amount. 

the disc 1 will not produce satisfactory vibrations and 5 Although the side walls of the housing are spaced a pre 
much of the energy will be dissipated down through the determined distance from the resonator, there arc, as 
mounting portion or threads 16 on the pin 15 so as to shown in FIG. 1, two apertures 33 in the top cover 32. 
provide an unsatisfactory resonator. In short, the pin 15 These apertures in the top cover 32 are located above 
must be secured to the disc 1 in such a manner so that sectors of vibration having the same phase since the hole 
the transmission of energy down pin 15 by sectors B and 0 34 is 90° from hole 33. More specifically, as shown in 
D must be equal (and opposite) to the energy transmitted FIGS. 4 and 1. these apertures are located above sectors 
up the pin 15 by the sectors A and C. This can only be B and D. Hence, practically all the ultrasonic signals 
accomplished by having a continuity of material between which come out of the housing 30 are of the same phase. 
the pin 15 and the disc 11. Consequently, cancellation due to opposite phase of the 
As shown in FIG. 1 and FIG. 3, the resonator 10 can 5 signals conning from the vibrator to the free air is mini 

be mounted by the mounting portion having screw-threads mized. Although the hole 34 is to accommodate the 
16 on a circular mounting disc 20 having a threaded striker 42 in the upper top plate 32 is over a sector A 
hole 2 in the center thereof. Threaded apertures or which is of the opposite phase of sectors B and D, there 
holes 22 are provided in the circular mounting base 20 will be very little cancellation therefrom due to its being 
to receive screws for mounting a housing 30. As will 20 covered substantially by the spring 41 and the Striker 42. 
be explained later, this housing 30 increases the ultra- Hence, the housing 30 enables the ultrasonic signals of 
Sonic output of the resonator over and above the use of the first phase described enlanating from sectors A and C 
the resonator 10 in open air. to be cffectively stored back in the disc and without al 
The housing 30 includes a cylindrical Section 31 hav- lowing them to effect any substantial cancellation of the 

ing holes 35 for receiving screws that will screw into the 25 second phase of the vibration emanating from the sectors 
apertures 22 of the mounting base 20. At the upper end B and D. Hence the energy from the ultraSonic signals 
of the housing 30 is a flat planar top 32 which is per- of thc phase emanating from Sectors A and C is conserved 
pendicular to the cylindrical section 31. This top cover and the output of the transmitter itself will be that of the 
is secured to the cylindrical section 3i and has two dia- energy having the Second phase from the sectors B and D. 
metrically opposed apertures 33 therein with another ap- 30 Although the housing 30 as described above increases 
erture 34 to provide an opening for the actuating mecha- the ultrasonic output of the generator, the resonator 10 
nism that imparts energy to the disc. As shown in FIG. can bc utilized without such a reflective or resonant hous 
3, the actuating mechanism 40 includes a leaf Spring 41 ing and still produce a Substantial ultrasonic signal such as 
having a striker 42 near the outer end thereof. The leaf shown in FIG. 7, the lower portion of pin 15 is secured 
spring 41 is secured to the top cover 32 by a screw 43. 35 to a base having only a very Small reflecting surface. 
The leaf spring 41 is of such a resiliency so that when the In addition as shown in FIG. 8, energy can be transmitted 
leaf spring is forced upwardly a predetermined distance to the virbratory disc 1 by nucans other than a mechan 
the striker 42 will move into contact and impart one strik- ical striker such as by a piezoccctric crystal 50 which has 
ing blow or tap to the resonant plate 11 to thereby initiate an A.C. applied thcreto by a source 52 through leads 51. 
vibration therein. As will be understood, this striker 40 The frequency of source 52 is the same as the resonant 
could be mounted to impart a striking force to either frequency of the resonator ii. The crystal is secured to 
the side edges 14 or the lower major surface 13 of the the Surface of the vibrator i1 by some suitable conduct 
fluexural disc or plate 11. When the resonator or trans- ing adhesive. One of the leads S1 is electrically con 
mitter is assembled as shown in FIG. 3, the mounting base nected to the upper side of crystal 50 and the other lead 
20 is parallel to the lower major surface 13 of the flexural 4 51 is electrically connected to the mounting pin 15. 
mode plate 1 a distance S3 whereas the cylindrical Section As stated previously, the most desirable frequency 
31 of the housing 30 is spaced a distance S2 from the pe- range for ultrasonic signals is between 30 kilocycles and 
ripheral edges 14 of the vibrating plate. The top cover 32 60 kilocycles since in this frequency band there is a mini 
of the housing 30 is parallel to and spaced a distance S. nun of interference due to extrancoils electronmagnetic 
from the upper major surface 12. These distances S1, waves and sonic waves. The following resonator was 
S2 and S3, for optimum performance of the embodiment constructed with systems Q's in free air of about 35,000 
illustrated in the drawings, are distances which are odd Inacle of 7075S-T6 and 606 S-T6 aluminum discs. None 
quarter wave lengths of the frequency of vibration of the of these units lost any energy through the mounting por 
vibratory plate 11. More specifically these distances S1, tion (the threaded portion of the pin 15). No housing 
S2 and S3 are equal to '' was employed in the tests on these models. Other tests 

X NA were made with housings and a substantial output in 
i+. crease was realized. 

In these tables f is frequency of output, in kilocycles, 
where N is any whole integer (1, 2, 3, 4 etc.) or zero. D is diameter of disc in inches, and t is thickness of disc 

In order for the resonator 11 to provide any usable in inches. 

TABLE 

Data for 606 1S-T6 alumintini disks 

Nolilting in lirado 
Point Dft D, t, f, kc. f.D3t, fI), bill post (st lingt., 

inclus inchics kc.-in. k(.-il. ii., iii. ill. (iii. 5) 
(1 in 15) 

1.125 f). 146 5 3t) O3 
()2S 43.2 S 4-3 30 249 

1.18 3.9 S3 42. ... 14) .5 
S 3S SS 3. ... 3 

I. 5 3.3 SS 2.2 3G ... } 
1.5%) 2.5 SS 3S , 30 - 
1.50 9, 8 1) 29. 140 365 

e 
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TABLE II 

Data for 7075S-T6 aluminuni disks 

Post length, 

.250 

.25) 
17 
.97 
25 

4' throadcd 

Point, DIt D, t, f, kc. f-Dit, D, Post dia., 
inches incles kc.-il, kc.-in. ill. 

615 O 3.00 28 59.6 1-0 
50 .50) 33.3 5) 50.3 14 

. (5 26 O. 4. ...) 
... 8 35.00 1.8 39, 4) 

5 7.67 . S. 28.5 O 
1.5 33.46 O. 
1. s 3.25 49 5.6 
1.20 33 4.2 5. 50.3 
... S. 53; iii. 3 E. 20 746 6.6 32 39 E. 

1, 20 12) S.O ... O 77 It's 
2) 2 AS 6. i., incl. Scr. 

1.20 2.20 25.3 42 28. 
1, 120 2.230 47.0 20.3 52. 

While particular embodiments of thc invention have 
been shown and described, it is apparent that nmodifica 
tions and alterations may be made, to cover all such 
modifications as they fall within the true scope and Spirit 
of the invention. 
We claim as our invention: 
1. A mechanical resonator comprising, a vibrating plate 

Tesonant in a flexural mode with a plurality of nodal di 
ameters, said plate having a pair of parallel planar major 
surfaces with peripheral edge surfaces extending perpen 
dicular to the planes of said major surfaces, a cylindrical 
pin extending outwardly from one of said major Surfaces 
and being concentric with said peripheral Surfaces, said 
pin being integral with said plate, and means for applying 
energy to said plate to actuate said plate into resonant 
vibration in a flexural mode with a plurality of nodal 
diameters. 

2. A mechanical resonator comprising, a vibrating plate 
resonant in a flexural mode with a plurality of nodal diam 
eters, Said plate having a pair of parallel planar major 
surfaces with peripheral edges extending therebetween, a 
pin extending outwardly from the center of one of Said 
major surfaces, said pin being integral with said plate, a 
reflecting surface spaced from one of Said major surfaces 
a distance equal to 

X NX 
i+; 

where A equals the wave length of the ultrasonic waves 
produced by the said vibrating plate and N being any 
integer or zero, means for applying energy to said plate 
to actuate said plate into resonant vibration with a plural 
ity of nodal diameters, said reflecting surface having an 
aperture therein with said aperture defining a projective 
surface on said one of said major surfacCs with said pro 
jected surface being located within an area between two 
adjacent nodal diameters. 

3. A mechanical resonator comprising, a vibrating plate 
resonant in a flexural mode with a plurality of nodal diam 
eters, said plate having a pair of parallel planar major 
surfaces and an outer minor peripheral Surface transverse 
to the plane of said major surfaces, a circular pin cxtend 
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ing outwardly from one of said major surfaces and con 
centric there with, said pin being integral with said circular 
plate, and means for applying energy to said plate near 
the outer periphery thereof to actuate said plate into reso 
nant vibration in a flexural mode with a plurality of nodal 
diameters. 

4. A mechanical resonator connprising, a vibrating plate 
resonant in a flexural mode with a plurality of nodal di 
ameters, Said plate having a major and a minor Surface 
with said minor surface comprising the peripheral edges 
thcreof, mounting means for said plate comprising a 
mounting pin, means connecting said pin to the center of 
said major surface to apply equal and opposite vibratory 
forces to said pin, and means for applying energy to said 
plate to actuate said plate into resonant vibration in a 
flexural mode with a plurality of nodal diameters. 

5. A mechanical resonator comprising, a vibrating plate 
resonant in a flexural mode with a plurality of nodal diam 
eters, said plate having a pair of parallel planarnajor sur 
faces with peripheral edge Surfaces therebetween, a 
mounting pin, connecting means providing an undamped 
connection between said pin and the center of one of said 
major surfaces, and means for applying energy to said 
plate to actuate said plate into resonant vibration in a 
flexural mode with a plurality of nodal diameters. 
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