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6 Claims. (Cl. S10-26) 

This invention relates to vibratory devices, and more 
particularly to tool holders for drilling apparatus, said 
tool holders acting as vibratory energy transformation 
devices, and having a variety of particular shapes and 
contours. 

In copending application, Serial No. 128,989, filed 
November 23, 1949, by Preston B. Carwile, now Patent 
No. 2,651,148, issued September 8, 1953, there is dis 
closed a vibratory drilling device wherein the larger end 
of a truncated metallic cone is connected to a source 
of mechanical vibrations. The vibrations, which are of 
the compressional wave energy type, travel longitudi 
nally along the cone increasing in amplitude as they 
progress from the larger end to the smaller end there 
of. With this structure, the maximum transverse di 
mension is restricted to substantially the diameter of 
the smaller end of the cone to which the tool is con 
nected, since, if the tool is made much larger than the 
cone portion connected thereto, the overhanging por 
tions of the tool will usually fracture during operation 
of the structure. ` 

It has now been discovered that the tapered portion 
of an elongated body used for transferring vibrational 
energy from the source to the work need not necessarily 
have a transverse, cross-sectional area with a solid con 
tour. Furthermore, the shape of said contour may be 
of any desired design or conliguration, and in particular 
the shape of said contour may be gradually varied with 
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respect to displacement along the longitudinal axis of I 
said body. 

In particular, this invention discloses that the rate 
of change of the area of the transverse cross section of 
said body with respect to displacement along the longi 
tudinal axis thereof may be dilîerent from the rate of 
change of the square of the linear dimensions of said 
cross section with respect to said displacement. 

It has been found that the change in contour may 
be incorporated in the same resonant system as the 
vibrational amplitude transforming y. 

. lt has further been discovered that the gradual change 
iii contour may be accomplished in the same portion 
of the elongated body and concurrently with the gradual 
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change in cross-sectional area required to produce the 
increase in vibrational amplitude. 

In a speciñc embodiment of the invention disclosed 
herein, the transverse, cross-sectional area gradually de 
creases along the tool holder from the point of attach 
ment to the vibrational source toward the end of the 
tool holder which drives the tool, while the contour of 
said cross-sectional area gradually changes from a cir 
cular contour to an elongated, rectangular contour. 

Another embodiment of the invention discloses that 
the contour of the cross-sectional area may change 
gradually along the length of the body from a solid 
circular contour to a hollow circular contour, or from 
a solid rectangular contour to a hollow rectangular con~ 
tour, while the cross-sectional area gradually decreases. 

This invention further discloses that the amplitude at 
the free end of the tapered elongated body may be 
increased by concentrating a larger mass at the free 
end of said body, for example, by attaching to said free 
end a body having a mass per unit length along the 
longitudinal axis of `the tapered body, which is sub 
stantially greater than the mass per unit length of the 

« pered body along the longitudinal axis adjacent the gg the operating frequency of the device. 'I‘he member ; 
free end thereof. 
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This_‘ invention further discloses that, for best results, 
the point of connection of the elongated device to the 
source of mechanicalvibrations and the free end of 
the elongated member which may be used to apply the 
high amplitude vibrations to the desired work are pref 
erably antiiiodes of the vibratory motion when operated 
at the desired operating frequency, and that said an 
tinodes may be one or more half wave lengths apart. 

Other and further objects and advantages of this in 
vention will be apparent as the description thereof pro 
gresses, reference being had to the accompanying draw 
ings, wherein: ' 
_Fig. l illustrates a partially broken away view of a 

vibrtatory device illustrating one embodiment of the in~ 
ven ion; 

Fig. 2_ illustrates an elevation view of the embodiment 
of the invention illustrated in Fig. l, taken along line 

of Fig. l; 
~Fig. 3 illustrates a further elevation view of the de 

vice. shown in Fig. l, taken along line 3--3 of Fig. l; 
Fig. 4_ illustrates a longitudinal, cross-sectional view 

of a further embodiment of this invention showing a 
tapered tool holder, wherein the end having the smaller 
transverse, cross-sectional area has an annular contour; 

Fig. .i illustrates a transverse, cross-sectional view of 
the device shown in Fig. 4, taken‘ along line 5-5 of 
ig. , 

Fig. 6 illustrates a further cross-sectional view of the 
device shown in Fig. 4, taken along line 6-6 of Fig. 4; 

Fig. _7 illustrates a longitudinal, cross-sectional view 
of a still further embodiment of this invention, wherein 
the device illustrated in Fig. 4 has been elongated by 
a hollow, cylindrical member substantially a half wave 
length long at the operating frequency of said device; 

l-ig. § illustrates a transverse, cross-sectional view of 
ge dlevice shown in Fig. 7, taken along line 8_8 of 

ig. ; 
ûliig. 9 illustrates a further transverse, cross~sectional 

view of the device shown in Fig. 4, taken along line 
9-9 of Fig. 7; , 

Fig. .l0 illustrates a longitudinal, cross-sectional view 
of a still further embodiment of this invention; 
.Fig. ll illustrates a cross-sectional view of the de 

î'îice 1s‘l’iown in Fig. l0, taken along line 11--11 of 
Fig. 12_illustrates a transverse, cross-sectional view 

og txlzie dîiôice shown in Fig. l0, taken along line 12-12 
o ig. ; 
.Fig. 13 illustrates a further transverse, cross-sectional 

view of the device shown in Fig. l0, taken along line 
13-13 of Fig. l0; 

Fig. 14 illustrates an elevation view of a still ‘further’ 
embodiment of the invention; 
_Fig. l5 illustrates a further elevation view of the de 

vice_shown in Fig. 14; and 
Fig. 16 illustrates an additional elevation view of the 

device shown in Figs. 14 and l5. 
Referring now to Figs. l through 3, there is shown 

a source of mechanical vibrations 20 which may be, 
for example, as shown here a magnetostrictive trans- l 
ducer of the type which is described in greater detail 
in the aforementioned copending application. Attached 
to vibratory source 20 is an elongated tapered member 
21, the larger end of the tapered member 21 being at 
tached to the source 20, and the smaller end of the 
member 21 extending away from source 20. Embedded 
in the smaller end of member 21 coaxial therewith is 
a stud 22, the portion of the stud 22 which extends out 
wardly from the end of member 21 being threaded. A 
tool holder 23 is threadedly attached to the smaller 
end of member 2l by means of stud 22. A washer of 
resilient material 24 is placed between members 21 and 
23 to insure uniformly ûrm seating and to prevent abra. 
sion of the opposing surfaces of said members due to 
and vibratory motion at this joint. While the tapered 
member 21, as shown here, is a half wave length long, 
it is to be clearly understood that said member may 
be any desired number of half wave lengths along at 

23, as shown here, is also a half wave length long, but 
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may be any desired number of half wave lengths long. 
While the cross-sectional area of the member 23 as it 

extends away from member 2l is continuously and gradu~ 
ally reduced in size, the shape of said cross-sectional 
area is varied, changing from a circular contour at its 
point of juncture to member 21 to a rectangular contour 
at its free end. While the dimensions of the rectangular 
contour may be varied considerably within the scope of 
this invention, the device illustrated herein has the longer 
sides of the rectangular cross section at the f_ree end of 
member 21 considerably longer th_an the diameter of 
members 21 or 23 at their point of juncture'Conversely, 
the shorter sides have a length which is considerably less 
than the diameter of members 21 and 23 at their point of 
juncture. _ _ 

Thus, it may be seen that, while one of the dimensions 
of the rectangular, cross-sectional area has been gradu 
ally increased, the other of the dimensions has been de' 
creased at a greater rate, and, as a result, the overall area 
of the cross section at the free end of the member 23 
is less than at the juncture of members 21 and _23. .l-Ience, 
the amplitude of the compressional wave vibrations at 
the free end of member 23 will be considerably increased 
over the amplitude of the vibrations applied to the larger 
end of member 21 by the vibration source 20. 

Attached to the free end of member 23 is a member 25 
which may be considered the tool proper. As shown 
here, member 25 has affixed thereto a raised emblem 26 
which is adapted to impinge on the material to be drilled, 
whereby the outline of said emblem may be cut into said 
material. It has been discovered that, by making the 
mass per unit length of the tool 25 considerably larger 
than the mass per unit length of the free end of the mem- , 
ber 23 to which member 25 is attached, the amplitude 
of the vibrations appearing at the free end of member 
23 may be substantially increased. This is believed to 
result from the fact that the stress applied to any incre 
mental portion of the member 23 is proportional to the 
total mass of the member 23 and tool 25 which is on the 
opposite side of said portion from the vibratory source. 
Hence, if a larger mass is concentrated at the free end 
of the member 23, a larger stress will be applied over a 
greater portion of the length of member 23, and hence 
a greater average strain produced therein. Since strain 
is elongation per unit length, increasing the average strain 
will increase the amplitude of the overall elongation of 
member 23. 

Referring now to Figs. 4, 5 and 6, there is shown an 
other embodiment of the invention. There is shown 
herein a tool holder 27 which may be attached to the 
member 21 in Fig. 1 in place of the tool holder 23 by 
means of the stud 22. Member 27 is elongated in shape 
and has an outer contour which is circular. At one end 
thereof, there is a threaded hole 28 adapted to engage 
the stud 22 of Fig. l. The diameter of member 27 in 
creases gradually as it extends away from the end con 
taining the hole 28, while the area of the cross section 
of member 27 gradually decreases as it extends away from 
th_e end containing the hole 28. This is accomplished bv 
hollowing out the inside of member 27, preferably such 
that the section is tapered substantially exponentially with 
respect to axial distance, with the cross section of the 
conical shape being substantially circular. Thus, the end 
of member 27 which is free comprises a thin ring, as at 29, 
said ring being useful, for example, for drilling annular 
recesses in materials such as jewels or ceramics and for 
cutting or cleaning disks or holes therein. While the mem 
ber 27 shown herein is made from a single piece of metal, 
the end 29 of member 27 may be made of a separate piece 
of metal which would comprise the tool proper, said piece 
being suitably tempered and attached to the end of mem 
ber 27, for example, by soldering. If desired, the tool may 
overhang the tool holder to provide clearance for the tool 
holder or for other reasons. 

Referring now to Figs. 7, 8 and 9, there is shown a still 
further embodiment of the invention, wherein the mem 
ber 23 of Fig. l is replaced bv a member 30. Member 
30, for the first half wave length as it extends awav from 
member 21, is substantially similar to member 27 illus 
trated in Figs. 4, 5 and 6. However, the member 30 ex 
tends for an additional half wave length beyond the first 
half wave length illustrated in Figs. 4, 5 and 6, said ex 
tension being in the form of a cylinder 31 which is hollow, 
and the cross-sectional contour of which is substantially 
similar to the end 29 of the embodiment of Figs. 4, 5 and 
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4 
6. Thus, it may be seen that the tool holder, as illus 
trated by member 30, may be any desired number of half 
wave lengths long such that a deep recess may be cut into 
the material being drilled. _ 

Referring now to Figs. 10, ll, 12 and 13, there is shown 
:i member 32 which may be substituted for the member 
23 of Fig. l. Member 32, which is elongated, has a 
threaded hole 33 in one end thereof adapted to engage stud 
22 of Fig. l. The cross-sectional shape of this end of 
member 32 is square. However, if desired, it could be 
circular. The contour of member 32 is gradually changed 
with displacement longitudinally along member 32 from 
the hole 33 until at the other end of member 32 the cross 
sectional contour is a hollow rectangle. This is accom 
plished by hollowing out the interior of the member 32 
such that the cross-sectional area of the member 32 pref 
erably decreases as a substantially ex nential function 
as it approaches the free end of mem r 32. With this 
tool holder, a rectangular recess may be cut into the ma 
terial being drilled. 

Referring now to Figs. 14 through 16, there are shown 
three elevational views of a further embodiment of this 
invention, wherein a member 34 is illustrated which may 
replace member 23 of Fig. 1. Member 34 is elongated 
and has a hole 35 in one end thereof which is adapted to 
engage the stud 22 of Fig. 1. The cross-sectional con 
tour of the member 34 at the point of juncture with mem 
ber 21 is a modified rectangle with one pair of the opposite 
sides of the rectangle being straight, and the other pair 
of opposite sides being formed of arcs of a circlewhose 
center is the center of the rectangle and lies on the longi 
tudinal axis of member 34. Member 34 is a truncated 
pyramid with the hole 35 being in the base of the aramid. 
The diagonal of the base of the pyramid may made 
somewhat greater in length than the diameter of mem 
ber 22 at the point of juncture with member 34 such that 
the abutting areas are substantially equal. Projecting 
from the truncated end of the pyramidal member 34 is an 
oblong member 36 which may be considered a tool proper 
on to which a tool may be attached. The free end of 
member 36 will have vibrations which are considerably 
larger in amplitude than those applied to the member 21 
by vibration source 20. This structure may be used, for 
example, as a chisel, a tamp, or for other applications. 

It should be noted that all of the modifications illus 
trated in Figs. 1 through 16 should have a tool holder 
length which is a multiple of a half wave length of the 
operation frequency. While it is to be clearly understood 
that any desired frequency may be used for the device, 
ultrasonic frequencies, for example, between twenty and 
thirty kilocycles, are desirable since they allow an in 
creased rate of cutting for a given amplitude of vibration 
than do audible frequencies, and produce no objectionable 
audible sound. 

This completes the description of the embodiments of 
the invention illustrated herein. However, many modi 
fications thereof will be apparent to persons skilled in 
the art without departing from the spirit and scope of this 
invention. For example, any desired contour of the free 
end of the tool holder may be produced, and any desired 
material may be used for the tool holder. In addition, 
any desired type of tool may be attached to the free end 
of the tool holder. Accordingly, it is desired that this 
invention be not limited by the particular details described 
herein, except as defined by the appended claims. 
What is claimed is: 
1. A vibratory device comprising an electromechanical 

source of periodic mechanical oscillations, means for 
increasing the amplitude of said oscillations comprising 
an elongated medium for transmitting said mechanical 
oscillations attached to said source, and a mass attached 
to said medium, said mass having a greater mass per 
unit length along the longitudinal axis of said medium 
than the portion of said medium adjacent said mass. 

2. A vibratory device comprising an electromechanical 
source of periodic mechanical oscillations comprising a 
magneto-strictive oscillator, means for increasing the 
amplitude of said oscillations comprising an elongated 
medium for transmitting said mechanical oscillations 
attached to said source, and a mass attached to said 
medium, said mass having a greater mass per unit length 
along the longitudinal axis of said medium than the 
portion o_f said medium adjacent said mass. 

3. A vibratory_ device comprising an electromechanical 
source of periodic mechanical oscillations comprising a 
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magneto-strictive oscillator, means f’or increasing theJ 
amplitude of said oscillations comprising an .elongated 
tapered medium for transmitting said mechanical oscil 
lations having its larger end attached to said source, and 
a mass attached to the smaller end of said medium, said 
mass having a greater mass per unit length along the 
longitudinal axis of said medium than the portion of 
said medium adjacent said mass. ' _ 

4. A vibratory device comprising an electromechanical 
source. of periodic mechanical oscillations comprising 
a magneto-strictive oscillator, means for increasing the. 
amplitude of said oscillations comprising an elongated 
tapered medium for transmitting said mechanical oscil 
lations having its larger end attached to said source, said 
elongated medium being substantially resonant at the 
frequency of said mechanical oscillations, and a mass 
attached to the smaller end of said medium, said mass 
having a greater mass per unit length along the longitu 
dixial axis of said medium than the portion of said 
medium adjacent said mass. _ 

5. A vibratory device comprising an electromechanical 
source of periodic mechanical oscillations, means for 
increasing the amplitude of said oscillations comprising 
an elongated medium whose cross-sectional area varies 
with displacement along the axis of said medium for 
transmitting said mechanical oscillation, said medium 
having the larger end thereof attached to said source, - 
said medium being substantially resonant at the frequency 
of said oscillations, and a mass attached to the smaller 
end of said medium, said mass having a greater mass'per 3 
unit length than the longitudinal axis of said medium 
than the portion of said medium adjacent said mass. 

6. A vibratory_ device comprising an electromechanical 
source of periodic-mechanical oscillations comprising a 
magneto-strictive oscillator, means for increasing the 
amplitude of said oscillations comprising an elongated 
medium whose cross-sectional area varies with displace 
ment along the axis of said medium for transmitting said 
mechanical oscillation, said medium having the larger 
end thereof attached to said source, said medium being 
_substantially resonant at the frequency of said oscilla 
tions, and a mass attached to the smaller end of said 
medium, said mass having a greater mass per unit length 
along the longitudinal axis of said medium than the 
portion of said medium adjacent said mass. 
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