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25,033 
WBRATORY MACHINE TOOL AND WIBRATORY 

ABRASION METHOD 
TLewis Balamuth, Sunnyside, and Arthur Kuris, Riverdale, N.Y., assignors to Cavitron Corporation, a corporation 

of New York 
Original No. 2,792,674, dated May 21, 1957, Ser. No. 

417407, Mar. 19, 1954. Application for reissue Aug. 
5, 1957, Ser. No. 677,185 

29 Claims. (CI. 51-59) 
Matter enclosed in heavy brackets appears in the 

original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 
The present invention relates to the art of ultrasonic 

machining of materials, that is, to cutting, grinding, bor 
ing, or otherwise altering the configuration of materials 
including relatively hard and brittle materials, by means 
of a tool vibrated at sonic or ultrasonic frequencies as 
described in U.S. Patent No. 2,580,716 to Lewis Bala 
muth, one of the applicants named herein. The inven 
tion comprises improved apparatus for carrying out the 
process of the said patent and novel acoustical imped 
ance transformers and tools so correlated to each other as 
to insure optimum performance of specific machining 
operations. 

In the ultrasonic machining process as described in the 
said patent and as currently practiced, a tool is vibrated 
at ultrasonic frequencies and its end pressed against a 
work piece. The inertia of the work piece is such that 
it can not follow the movement of the vibrating tool. 
Accordingly a minute space will occur between the tool 
and the work during each vibration of the tool. Finely 
divided abrasive in a liquid carrier, which is flowed about 
the vibrating tool end while the pressure between the 
tool and work is maintained, enters this minute space 
between the tool and the work and flows over and on 
the surface of the adjacent workpiece. Cutting is effected 
by the abrasive particles, the tool determining the result 
ing configuration of the work piece. Apparatus for per 
forming this process comprises a driver element which 
includes a suitable electromechanical transducer, for ex 
ample a magnetostrictive transducer, a tool holder con 
nected to the driver, preferably removably connected 
thereto, and a tool fixed to the holder. For optimum per 
formance the overall length of driver, tool holder and 
tool is so correlated to the frequency of the compressional 
waves generated by the transducer that a loop of motion 
occurs substantially at the operating end of the tool. Pref 
erably, to insure maximum amplitude of vibration of 
the tool end, the tool holder is so constructed that mag 
nification of the amplitude of vibration results. 
Various problems arose when attempts were made to 

construct apparatus of the above briefly described type 
which would be suitable for a wide variety of machining 
operations, would require the least possible redesign for 
use with tools of different shape and size, would trans 
mit and magnify the amplitude of compressional waves 
without mechanical failure at sections of maximum stress 
and would utilize efficiently the power delivered thereto. 
These problems, which have been solved by the present 

invention, can be briefly summarized. 
When a tapered tool holder having an exponential 

taper and whose length is approximately a half wave 
length or an integral multiple of a half wavelength in 
the material of the holder at the operating frequency is 
employed, the maximum amplification of vibration am 
plitude obtainable is the square root of the ratio of the 
maximum to minimum cross sectional areas. If a par 
ticular application requires a tool with a relatively large 
cross section, such type tool holder is unsatisfactory be 
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2 
cause, for any substantial magnification too large an 
area would be required at the input end. Furthermore, 
even when tools of small cross section are to be used, 
maximum stress in a tapered holder occurs in a region 
of relatively small cross section and not at a nodal point, 
thus mechanically weakening the holder. In accordance 
with the present invention an acoustical impedance trans 
former is provided in which any desired magnification 
can be obtained without undue increase in cross section, 
and maximum stress can be made to occur at or near 
a nodal point where reinforcement may be provided. 
The compressional wave generator, which in practice 

is ordinarily a magnetostrictive device, generates heat dur 
ing operation of the equipment and therefore is usually 
water cooled. The pressure of water on the generator 
has reduced its efficiency as it effectively loads the end 
thereof at which a loop of motion occurs. The adverse 
effect of this water pressure on the generator has been 
overcome in the apparatus of the present invention by 
the provision of a protective layer of water-impervious 
air-containing material, specifically rubber containing 
closed air cells. Generators so protected have been found 
to have increased acoustical power output. For example, 
the amplitude of the vibration of a tool may be increased 
by as much as 15%. 

Tools are ordinarily brazed to the ends of tool hold 
ers and tool holders are designed with reference to the 
tools which are to be attached thereto. This requires that 
the holders should be readily removable from the driver. 
When the tool holder comprises the sole intermediary 
between the transducer and tool and the sole acoustical 
impedance transformer of the equipment, mechanical 
difficulties have been encountered in effecting a proper 
junction between transducer and holder that will insure 
proper transference of vibrational energy, and that will 
not interfere with proper support of the assembly or with 
the cooling system. In accordance with the present in 
vention an acoustical impedance transformer, separate 
and distinct from the tool holder and including support 
means for the equipment, is built into and forms part 
of the driver and novel means are provided for readily 
coupling different tool holders to such transformer with 
maximum efficiency in transference of energy and prefer 
ably with fixed orientation of the tool. 

In order to practice the ultrasonic machining process 
of the said Balamuth patent it is essential that the abrasive 
which does the actual cutting be continually available at 
the work piece. In certain operations, for example in 
trepanning and grinding operations, difficulty has been en 
countered in insuring such continued supply of abrasive. 
Continual flow of the liquid carrying the abrasive also 
serves in great part to remove the cut material of the 
work piece which, if allowed to accumulate, can inter 
fere with the normal cutting process. In accordance with 
the present invention continued flow of liquid carried 
abrasive and continued removal of material is facilitated 
in certain operations by providing strategically located 
passages or grooves either in the tool holder or tool, or 
both. - 

Pressure which, in certain operations, builds up between 
the working surface of a tool and the work piece, inter 
feres with the cutting operation by reducing the rate of 
cutting. Such build-up of pressure and consequent re 
duction of cutting rate is avoided when the tool is pro 
vided with one or more grooves intersecting the work 
surface of the tool at an angle less than 90 degrees. 
These and other features of the invention, including 

an improved tool particularly suitable for use when 
deep holes are to be formed in a work piece, and im 
proved tool holders for use with trepanning tools, will 
be explained more fully as the description proceeds. 
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The invention will be described with reference to the 
accompanying drawings, of which: 

FIG. 1 is a side view, partly in section, of an im 
proved vibratory machine embodying the invention; 

FIG. 2 is a view generally similar to FIG. 1 but illus 
trating a different coupling means between the driver 
unit and the tool holder; 
FIG. 2a is a fragmentary view taken on the line 2a 

2a of FIG. 2; 
FIG. 3 is a side view, partly in section, of a driver 

unit including a modified form of transducer; 
FIGS. 4 and 5 are diagrams of acoustical impedance 

transformers and graphs explanatory of certain features 
of the invention; 

FIGS. 6, 7, 8 and 9 are side views of acoustical im 
pedance transformers embodying the invention; 

FIG, 10 is an isometric view of another form of acous 
tical impedance transformer embodying the invention; 

FIG. 11 is a view of a tool particularly adapted for 
forming deep holes; and 

FIG. 12 is a horizontal sectional view through a tool 
particularly adapted for use in grinding operations, the 
diagram showing also means for macroscopically mov 
ing the work piece relative to the tool. 

In FIG. 1, to which reference may now be had, a 
specific embodiment of a vibratory machine embodying 
the invention is illustrated. The machine comprises in 
general a generator 2 of mechanical vibrations, an acous 
tical impedance transformer 4, a tool holder 6, and a 
tool 8. The generator 2 and transformer 4 together 
comprise the driver unit of the equipment. The gen 
erator 2 in the particular embodiment illustrated com 
prises a plurality of identical laminations 10 of magneto 
strictive material, as for example nickel, sandwiched be 
tween protective sheets 12 of rubber backed fiberglass or 
the like, and a winding 14 adapted to carry high fre 
quency current, the winding being shown diagrammatical 
ly only in the drawing. A longitudinal slot 16 is formed 
in each of the laminations 10 and cover sheets 12 and 
the winding 14 is threaded through the slot. The length 
of laminations is so selected with reference to the desired 
frequency of vibrations to be imparted to the tool 8 that 
the laminated body will be resonant at such frequency 
and therefore standing waves will be set up therein with 
a loop of motion at each end. For this purpose the 
length of the laminated body should be an integral num 
ber of half wavelengths of such compressional waves in 
duced by magnetostriction as a result of high frequency 
current delivered to the winding 14. As in usual prac 
tice, a biasing direct current will be supplied to the coil 
14 in addition to the high frequency current initiating 
the compressional waves. The lower end of the generator 
2 is fixedly secured to the upper end of the transformer 
4 as by welding or soldering. The upper and free end 
of the generator 2 has a cap 18 of water-impervious air 
containing material applied thereto. The purpose of the 
cap 18 will become apparent as the description pro 
ceeds. If, as in the embodiment illustrated in FIG. 1, 
the cross sectional area of the transformer 4 at its junc 
tion with the generator 2 is larger than that of the mag 
netostrictive body, a ring 20 of material similar to that 
of cap 18 is positioned about the lower end of the lami 
nated body to cover the exposed part of the upper end 
of transformer 4. The transformer 4, which is likewise 
of a length equal to an integral number of half wave 
lengths of the generated compressional waves, is gen 
erally conical in shape but has an enlarged section 22 
intermediate its ends and nearer to the upper than to the 
lower end of the transformer. This enlarged section 22 
is in the general area of the nodal plane of motion and 
serves as the section to which support means for the 
equipment is attached. As shown in FIG. 1, a flange 24 
is welded or soldered to the enlarged cross sectional 
part 22 of the transformer 4 and to this flange 24 is con 
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4. 
nected, as by bolts 26, an enclosure 28 for the generator 
2 and upper portion of the transformer 4. The en 
closure 28 has an inlet 30 for cooling fluid, preferably 
water, and an outlet conduit 32 at the lower end of 
the enclosure. Preferably conduit 32 has a greater cross 
sectional area than conduits 30 to insure that water will 
not build up within the housing 28. An electrical outlet 
34 for the leads from winding 14 is secured to the side 
wall of the housing 28. The upper wall 28 of the hous 
ing 28 is preferably provided with suitable means (not 
shown) for attachment to any suitable rigid support means 
for the equipment and hence, for this purpose, this upper 
wall 28' is thicker than the side walls of the housing, as 
shown in the drawing. The water circulating through 
the housing serves to remove heat generated in the gen 
erator 2 during operation of the device. The water, 
however, creates pressure on the upper end of the gen 
erator and therefore has the effect of loading the gen 
erator and of lowering the efficiency of conversion of 
electrical to mechanical energy. The provision of the 
protective cap 18 containing air and impervious to water 
has been found to reduce, if not eliminate, the loading 
effect upon the transducer of the pressure of the water. 
The material of cap 18, may be, for example, rubber 
having closed air cells distributed therein, which material 
is now commercially available on the market under the 
trade name Rubatex. The ring 20 of such material 
similarly relieves the loading pressure of the water on the 
exposed upper area of the transformer 4. 
The tool holder 6, in the particular embodiment of 

the invention illustrated in FIG. 1, is composed of two 
generally cylindrical sections 6a and 6b, which merge 
through a curved portion 6c, above which is a flange 7. 
The upper end of the tool holder is provided with an ex 
ternally threaded cylindrical projection 36 having an 
upper smooth ground surface perpendicular to the axis 
of the tool holder and the lower end of the transformer 
4 is formed with a similar externally threaded cylin 
drical projection 38 of a diameter equal to that of the 
projection 36. An internally threaded sleeve 40 thread 
ed to the projections 36 and 38 permits the tool holder 
6 to be brought into operative connection with the trans 
former. Interposed between the smooth flat end surfaces 
of the projections 36 and 38 is a thin disk 42 of copper 
or other deformable metal. With this arrangement no 
interruption in metallic contact between transformer and 
tool holder occurs over the major cross sectional area 
of either, and particularly is there insures good me 
tallic contact along the axes of these parts of the equip 

When, as in the above described coupling, good 
axial solid contact is obtained, transmission of vibration 
from transformer to tool holder is enhanced. Construc 
tions wherein coupling between threaded male and female 
elements positioned at the axis of the parts is employed 
do not give such good transference of power because of 
the air space necessarily present in the base of the fe 
male member and because threaded areas in contact do 
not transmit high frequency acoustical vibrations. 

In the flange 7 there is a transverse passage 46 which 
within the holder communicates with the upper ends of 
two longitudinal passages 48, the lower end of which 
terminate at the end surface of the tool holder. These 
passages serve for delivery of fluid carried abrasive to the 
interior of the tool 8 which, in the case of FIG. 1, is hol 
low and therefore suitable for trepanning. Passage 46 is 
located substantially in the region of a mode of motion, 
as will be explained in connection with the description of 
FIG. 5. 
The tool is brazed to the lower end of the tool holder 

6 and is provided with a plurality of diagonally disposed 
grooves 44 on its outer walls. The tool may have any 
desired configuration, depending upon the shape of hole 
to be made in the work piece. If the tool has a square 
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cross section, the hole formed by such tool will also be 
square. 

Before description of the advantages of the particular 
shape of tool holder shown in FIG. 1 and the functioning 
of the grooves 44 in the tool, the overall operation of the 
machine of FIG. 1 will be briefly described, such opera 
tion being in general that of the process disclosed and 
claimed in the said Balamuth patent. When high fre 
quency current is delivered to the winding 14 the lami 
nated body expands and contracts, setting up compres 
sional waves in the entire system, assuming of course that 
the frequency of the current delivered to the winding is 
such as to produce substantially standing waves in the 
various elements. The amplitude of the compressional 
waves at the loop of motion occurring at the junction of 
the generator 2 with the transformer 4 will be magnified 
by the transformer 4 due to its generally conical shape 
and therefore the amplitude at the junction of transformer 
4 and the tool holder 6 will be greater in the general ratio 
of the maximum to minimum diameter of the transformer. 
The tool holder which also comprises an acoustical im 
pedance transformer, will likewise serve to magnify the 
amplitude of vibration at a loop of motion. The magni 
fication effected by the particular tool holder of FIG. 1 
will be explained in more detail in connection with the 
diagram of FIG. 5. Thus the lower or working surface 
of the tool 8 which is located substantially at a loop mo 
tion, will be vibrated at the frequency of the current de 
livered to the winding 14. Fluid carrying finely divided 
abrasive is continuously supplied to the vibrating end of 
the tool during the various operations. When holes or 
depressions corresponding in shape and dimensions to the 
lower surface of the tool are to be formed in a work piece, 
the work piece is held stationary and relative pressure 
between the tool and work piece in the direction of the 
longitudinal vibrations of the tool is provided. When a 
grinding operation is to be performed, the work piece is 
likewise pressed against the tool but macroscopic relative 
motion between the work piece and tool transversely to 
the axis of the tool is provided to bring the tool into en 
gagement with the different parts of the work piece to be 
ground. In such operation the particular shape of the 
working face of the tool is relatively unimportant. 
The purpose of the grooves 44 which, as will be noted, 

are disposed at an angle to the axis of the tool and tool 
holder, is to relieve pressure which builds up between the 
lower or working surface of the tool and a work piece 
when the equipment is operating. In addition these 
grooves facilitate access of the abrasive slurry to the sur 
face to be cut. 

In a trepanning operation there is no relative transverse 
motion between work piece and tool. When the trepan 
ning operation starts the work will be cut away by the 
vibrated abrasive over the area covered by the lower or 
end surfaces of the tool wall, but will not be cut away 
over the area 50 at which the lower groove 44 intersects 
the working surface. However, as the operation con 
tinues, even assuming no wear of the tool, the wall of 
the groove above the area 50 will engage the slight pro 
tuberance or nub left on the work beneath the area 50 
and prevent growth thereof beyond a height determined 
by the slope and width of the groove. There will ordi 
marily, however, be some tool wear and hence the location 
of the intersection of the groove with the cutting surface 
will shift about the periphery of the tool, but at any lo 
cation the groove itself will serve to relieve pressure at 
the work surface. The upper groove of the tool of FIG. 
1, when the tool wears to that extent, then serves in the 
same way to relieve pressure at the working area. 
Grooves such as the grooves 44 have been found in prac 
tice to increase substantially the cutting rate of any given 
operation. 

It will be understood that liquid, usually water, carrying 
finely divided abrasive, is delivered to the working surface 
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6 
of a tool during a cutting or grinding operation. In tre" 
panning, the communicating passages 46 and 48 in the 
tool holder provide means for delivery of fluid carrying 
abrasive to the interior of the tool to insure a plentiful 
supply of abrasive at the work area. The transverse 
passage 46, being located substantially at a nodal plane 
of the compressional standing waves, can be connected 
by means of any suitable coupling means (not shown) to 
tubing or the like carrying the work fluid without inter 
ference with proper operation of the tool. 
The embodiment of the invention illustrated in FIGS. 2 

and 2a differs from that shown in FIG. 1 primarily in the 
form of acoustical impedance transformer employed in 
the driver unit and in the means for attaching the tool 
holder to that transformer. The acoustical impedance 
transformer 54 of the driver unit of FIG. 2 has two gen 
erally cylindrical sections 54a and 54b and an intermediate 
relatively massive section 54c. The diameter of the upper 
section 54a is larger than that of the section 54b but sub 
stantially less than that of section 54c. The walls of both 
cylindrical sections flare outwardly at their junction with 
the massive section 54c. The cylindrical casing 28 en 
closing the upper section 54a of the transformer and the 
generator 2 is supported on the periphery of section 54c 
by bolts 26 as in the structure of FIG. 1. The generator 
of FIG. 2 may be identical with that of FIG. 1. In the 
particular embodiment illustrated no longitudinal slot for 
the winding is provided and the winding 14 encompasses 
the laminated body 10' and the sheets 12 of insulating 
material. A cap 18 of rubber or the like having closed 
air cells therein is provided on the upper end of the lami 
nated body for reduction of water loading as in the case 
of the generator of FIG. 1. 
The tool holder 6' of FIG. 2 is generally similar to that 

of FIG. 1 but is provided with different means for attach 
ment to the driver unit. In FIG. 2 the coupling means 
between the tool holder 6' and section 54b of transformer 
54 are particularly suitable for use when fixed orientation 
of a tool is desired and therefore the tool 8 of FIGS. 2 
and 2a has been illustrated as one suitable for forming a 
rectangular closed bottomed hole in a work piece. For 
such purpose the tool is solid and therefore the tool holder 
6' is not shown as provided with passages, such as the 
passages 46 and 48 of FIG. 1 for internal feed of work 
fluid. The tool 8' has two relatively long sides 56 and 
two relatively short sides 58 of which at least the sides 56 
are provided with pressure relieving grooves 44. 
To permit the tool and tool holder to be detached 

from the driver unit and then again fastened thereto 
without change in orientation of the tool, the coupling 
means between tool holder and driver unit are such as 
to draw the parts together without relative rotation there 
between. This is effected by providing in cylindrical 
projection 38' of section 54b a transverse slot 60 and on 
projection 36' a tongue or male element 62 adapted to 
enter and conform to the slot 60. Opposite handed ex 
ternal screw threads are provided on the projections 36 
and 38 so that, when a nut 40' having half right-handed 
and half left-handed internal threads is rotated about 
the projections 36' and 38', the tool holder is attached 
to or detached from the driver unit without rotation about 
its axis. To insure close coupling a disk 42 of copper 
or the like having a central slot for accommodation of 
the tongue 62 is interposed between the flat surfaces of 
the projections. 
The embodiment of the invention illustrated in FIG. 

3 differs from that of FIG. 1 only in the construction 
of the generator 2'. In the generator of FIG. 3 each 
lamination 10' of the magnetostrictive transducer, in 
stead of being rectangular as in FIG. 1, is so formed 
that the upper half thereof has a greater width than the 
lower half. By this construction a measure of amplitude 
magnification is introduced into the generator itself, 
as since the amplitude of vibration at the upper or free 

end of the laminated body will be less than that at the 
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loop of motion at which the body is secured to the upper 
end of the acoustical impedance transformer 4. The 
magnification obtained by the form of generator shown 
in FIG. 3, as well as that resulting from the various 
shapes of transformers and tool holders of FIGS. 1 and 
2, will be better understood from the discussion of acousti 
cal impedance transformers now to be given in connection 
with FIGS. 4 and 5. 

In FIG. 4 an exponentially tapered acoustical im 
pedance transformer is diagrammatically shown at 64 
and compressional standing waves are assumed to be set 
up therein such that a loop of motion occurs at each 
end. In such a transformer, as is known, the amplitude 
vibration at the small or output end is larger than that 
at the input end. Calling M the magnification ratio, 
the relation for such a tapered element is 

M=KD/D (1) 

where K is a constant (theoretically equal to unity), and 
D1 and D2 are the input and output diameters respective 
ly. The cross sectional plane at which the node of 
motion occurs in such an element is that which divides 
the element into equal masses. Such plane is indicated 
by the line N of FIG. 4. It can be demonstrated analyti 
cally that the plane of maximum axial stress in such a 
transformer does not occur at the nodal plane but is 
displaced from the median plane C of the element toward 
the Small end of the transformer a distance d equal to 
the distance between the nodal and medial planes. The 
curved line a of the graph of FIG. 4 represents amplitude 
of vibration at any point on the axis of the transformer 
and the curve s correspondingly represents the axial 
stress. Curve a shows that amplitude is a maximum at 
the small end of the tapered transformer. Curves shows 
that the stress is zero at each end of the transformer, 
that is, at each loop of motion, and is a maximum at 
plane S. 
The limitations of an acoustical impedance transformer 

of the continuously tapered type is thus apparent. For 
a given output diameter Da the magnification obtainable 
depends upon how large it is practicable to make the in 
put diameter. For small output diameters, maximum 
stress occurs at a relatively small cross section where 
longitudinal vibrations are present and therefore rein 
forcement cannot be provided. The transformer 64 may 
be considered as a single section transformer and one 
that obtains a magnification by virtue of shape, specifical 
ly by virtue of the taper. 
In FIG. 5 a transformer is indicated diagrammatically 

which can be generally called a multi-section transformer 
and more specifically one which obtains its magnification 
by virtue of a mass effect. The transformer of FIG. 5 
comprises two cylindrical sections 66 and 68 of equal 
length but different mass. When standing waves are set 
up in such a structure the nodal plane and the plane of 
maximum axial stress coincide at the junction of the two 
sections. This is shown by the curves a' and s' of the 
graph of FIG. 5. If M is again taken as the amplitude 
magnification, the relation for the two section trans 
formers of FIG. 5 can be shown to be 

M=KD2/D2 (2) 

or more generally, and applicable also when sections 66 
and 68 have other than circular cross sections 

M=KA1/A2 (3) 

where A and A are the cross sectional input and output 
areas respectively. 

In a two section transformer such as that idealized in 
FIG. 5 the junction of the sections is the dynamic center 
of the system. As the two sections have equal and op 
posite momenta, the average particle velocity of the sec 
tion of less mass is higher than that of the Section of 
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8 
larger mass and magnification of particle movement is 
thus obtained when the section of smaller mass is the 
output section. Due to the low particle velocity in the 
neighborhood of a nodal plane the contribution to the 
total momentum of either section of particles in this 
region is small. Hence from a theoretical standpoint, 
redistribution of mass in the nodal region should not 
substantially affect the magnification ratio. This has been 
completely substantiated in practice as addition or sub 
traction of mass in the neighborhood of the junction of 
the sections, as by provision of smoothly merging curved 
surfaces in this region or by addition of a radial flange, 
has been found to make no appreciable change in the 
magnification ratio, provided such mass redistribution or 
change is confined to a relatively short length of each 
section, say within 10% of the length of a section. Ad 
dition or redistribution of mass in this neighborhood at 
the nodal plane removes the discontinuity in the axial 
stress curve of the idealized two section transformer of 
FIG. 5 without substantially affecting the coincidence of 
nodal and maximum stress planes and, when mass is 
added, mechanical strength at such plane is enhanced. 
The advantage of a two-section transmission line will 

now be apparent. Not only is magnification increased 
but also is concidence of nodal and maximum stress planes 
obtained. This latter result means that reinforcement 
may be provided at the region of maximum stress with 
out appreciable interference with proper transmission of 
longitudinal vibrations. 

In reference now to FIGS. 1, 2 and 3 it will be noted 
that the acoustical impedance transformer 54 of FIG. 
2 and the tool holders 6 and 6' of FIGS. 1 and 2 are 
of the general type of two section transformer above 
described with reference to FIG. 5 and therefore mag 
nification of amplitude obtainable by these transformers 
is that given by Equation 3. The passages 48 of the tool 
holder 6 of FIG. 1 reduce the mass of section 6b thereof 
and also reduce the cross sectional area of the output 
end of the tool holder. Accordingly the magnification 
obtainable by the tool holder has been enhanced by the 
provision of these passages, so that these passages serve 
not only to insure delivery of work fluid to the working 
area but also to increase the magnification factor of the 
tool holder. 
The discussion of multiple section transformers up to 

this point has assumed that each section was cylindrical. 
It is not essential that these sections be cylindrical as 
the same general principle of design applies irrespective 
of the particular cross sectional contours of the sections. 
It was for this reason that the more specific equation 
(Equation 2) specifying diameters of input and output 
cross sectional areas was restated in the form of Equation 
3, giving the relationship between input and output areas. 
Reference to Equation 3 will therefore demonstrate that 
the shape of the non-cylindrical generator 2' of FIG. 3, 
will, because of the difference in mass of the two sections 
thereof, also serve to introduce magnification of ampli 
tude. 
When a multi-section acoustical impedance transformer 

is to be constructed it is not necessary that the two sec 
tions be alike, that is, advantage can be taken both of 
the magnification introduced by taper as in the single 
section transformer of FIG. 4 and also of the magnifica 
tion resulting from mass effect as in the two-section trans 
former of FIG. 5. In many cases combinations of cylin 
drical and tapered sections have been found to be of 
particular value. FIGS. 6, 7, 8, 9 and 10 illustrate 
diagrammatically multi-section transformers in which the 
magnification of amplitude is obtained at least in part 
from the mass effect. 

In FIG. 6 a transformer having a cylindrical input sec 
tion 70 of a diameter D1 and a tapered section 72 with a 
maximum diameter D3 and minimum diameter D2 is 
shown. The length of the section 70 corresponds to one 
quarter of a wavelength of the compressional waves of a 
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frequency to which the transformer is resonant, or more 
simply: 

L=c/4f (4) 
where c is the velocity of sound in the medium of which 
the transformer is made, f is the frequency of the com 
pressional waves, and L1 the length of section 70. The 
length of section 72 is also equal to one-quarter of the 
wavelength and that length is dependent upon the taper. 
Expressed mathematically, the length L2 of the section 72 
can be obtained from the equation 

D3/D=exp. (TL2) (5) 
where T is the taper constant of the line. The magnifica 
tion ratio M of the transmission line of FIG. 6 is given 
by the following: 

M=D/DD (6) 
In an acoustic transmission line such as that of FIG. 6 
when D where D is smaller than. D1 extremely high 

magnification ratios may be readily obtained. In such 
case, however, to obtain good stress resistance, reinforce 
ment should be provided at the junction D of the sec 
tions and as this section is that of a nodal plane of motion 
reinforcement will not interfere with proper transmission 
of vibration. With the two-section line of FIG. 6 for a 
given input diameter, D1, it will be apparent that there 
are a great number of combinations of Da and D3 than 
that can be selected to keep M the same value. 
The transmission line or transformer of FIG. 7 is 

similar to that of FIG. 6 in that it is composed of a cylin 
drical section and a tapered section but in this case the 
input section 74 is tapered and the output section 76 is 
cylindrical. The lengths of the two sections are obtained 
as in FIG. 6, from Equations 4 and 5, Equation 4 giving 
the formula for the length of the cylindrical section and 
Equation 5 for that of the tapered section. The mag 
nification obtainable by the line of FIG. 7 is given by the 
equation 

M=DD/D? (7) 
In FIG. 8 a two-section line which is similar in prin 

ciple to that of FIG. 6 is shown. It comprises a cylin 
drical member 78 which has along its axis a conical or 
exponentially tapered cavity 80 extending from the out 
put end 82 toward the input section. The inner end of 
cavity 80 is substantially at the region of the nodal plane 
so that the solid portion of the transformer between such 
plane and the input end comprises a first cylindrical sec 
tion of the transformer as in the case of the transformer 
of FIG. 6. The output section has a decreasing cross 
sectional area and hence corresponds to the tapered out 
put section of the transformer of FIG. 6. This trans 
former is particularly adapted for use in trepanning, as 
will be apparent to those skilled in the art. As the in 
ternal cavity 80 terminates adjacent the node of the stand 
ing waves set up therein, an abrasive supply in liquid 
could be readily introduced through a transverse passage 
such as the passage 46 in the tool holder of FIG. 1. 
The various transformers embodying the invention 

heretofore described have consisted of two sections only. 
The principle of the utilization of the mass effect is not 
limited to lines of two sections only. For example, four 
sections, cylindrical or of other cross section, and each 
of one-eighth wavelength, could be employed as diagram 
matically illustrated in FIG. 9 by the four-section trans 
former comprising the cylinders 84, 86, 88 and 90 of 
equal length and of diminishing diameter. 
As heretofore indicated it is not essential that the vari 

ous sections of a multiple section line be cylindrical in 
form. Rectangular or other cross sections could be em 
ployed and such a two-section transformer is shown in 
FIG. 10 which shows an input section 92 of rectangular 
cross section and an output section 94 of uniform height 
but with exponentially tapered side walls. Magnification 
ratio M for all forms, including that of FIG. 10, may be 
obtained by computing the ratio of the geometric mean 
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10 
area of the input section to the geometric mean area of 
the output section. 

With the possible exception of the two-section line of 
FIG. 8, which is particularly adapted for use as a tool 
holder in trepanning operations, the transformers herein 
described could be employed in the equipment of the in 
vention as part of the driver unit or as the tool holder. 
When employed in the driver unit the fact that the junc 
tion of two sections occurs at the nodal plane is an ad 
vantage in that enlargement of this section for providing 
the support of the apparatus can be readily effected with 
out interference with the standing waves set up in the 
transformer. Moreover, as the plane of maximum stress 
occurs at such junction, the addition of mass at this loca 
tion mechanically strengthens the transformer over the 
area where such strengthening is most needed. In FIG. 
2, wherein the transformer 54 is a two-section cylindrical 
line, the relative massive section 54c is an example of 
such reinforcement at the region of maximum stress. 
Preferably the increase in thickness provided at such junc 
tion is radially tapered; that is, the thickness of the rein 
forcement in the longitudinal direction decreases with 
increase in radius. It will be noted that in each of FIGS. 
1, 2 and 3 the support means for the equipment provided 
at the nodal plane has a measure of radial taper. 

It will be understood that when the acoustical im 
pedance transformers of the invention are employed as 
tool holders, the length of tool to be brazed or otherwise 
secured to the end of transformer must be taken into 
consideration in the design of transformer as it is desired 
that the operating end of the tool will be at a loop of 
motion. Ordinarily with relatively short tools it is only 
necessary to make the length of the output section of the 
transformer slightly shorter than theoretically correct for 
a transformer without the tool, but when relatively deep 
holes are to be formed the length of tool may be appre 
ciable. In such operation a tool such as that shown in 
FIG. 11 may be and preferably is employed. Such tool 
is designed to have a length equal to half a wavelength 
of the standing waves in the material of the tool. 
The cross sectional shape of the tool 96 of FIG. 11 

will of course depend upon the desired cross sectional 
shape of the hole to be formed in the work piece. As 
suming a circular cross section is desired, the tool will 
be cylindrical and in that case an external helical pres 
sure relieving groove 97 may be conveniently provided. 
Such groove not only relieves pressure at the working 
surface but also provides means for ready removal in 
the work fluid of the particles of the work piece cut away 
during the drilling operation. The upper end of the tool 
is brazed to a tool holder 98 which may have the con 
formation of any of the multi-section transformers here 
tofore described. As some radial expansion and contrac 
tion is believed to occur at a nodal plane of motion it 
is preferred, when a hole of a greater depth than one 
quarter of a wave length is to be drilled, to so shape 
a long tool such as that of FIG. 11 that the cross sec 
tional area over the central part thereof is smaller than 
that at the working end. As but a very minute difference 
in cross section is sufficient to prevent binding at the 
nodal plane, no attempt has been made to indicate such 
reduction of cross section in the drawing. 
The various tools heretofore discussed are those par 

ticularly suitable for use when the machining operation 
does not involve relative transverse motion between tool 
and work piece, such as occurs in a grinding operation. 
In FIG. 12 there is diagrammatically indicated in section 
one form of tool which has been found particularly 
efficacious when small areas in very hard material are 
to be ground, as for example in forming chip breakers 
in machine tools. A horizontal section of such tool is 
shown at 100 with a work piece 102 therebeneath on 
which a rectangular area 104 is to be ground. The tool 
is provided with a plurality of vertical grooves 105 in the 
side walls thereof, which grooves serve to insure plentiful 
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supply of work fluid to the area to be ground. During 
the grinding operation the tool is vibrated at high fre 
quency and through a small, substantially microscopic 
amplitude in a direction normal to the work piece, that 
is perpendicular to the plane of the drawing, and the 
work piece is vibrated at right angles to the direction of 
vibration of the tool at a relatively low rate and through 
an amplitude that is large, actually macroscopic, as com 
pared to the amplitude of vibration of the tool. Any 
suitable means for so moving the work piece may be 
provided. For example, the work piece may be con 
nected through a link 106 to an eccentric on a disk 108 
rotated by a drive shaft 110. The amplitude of the trans 
verse relative movement of the work and tool will de 
pend upon the area to be ground. The amplitude must 
be at least as large as the width of any groove 105 in 
the tool to insure that all parts of the area to be ground 
will be subjected to the action of the abrasive. 
The invention has now been described with reference 

to various embodiments thereof. Although the invention 
is particularly concerned with improved apparatus for 
practice of the ultrasonic process of the said Balamuth 
patent, obviously various features thereof could be ad 
vantageously employed wherever high frequency com 
pressional waves are to be generated for any purpose. 
The new multi-section acoustical impedance transformers 
utilizing at least in part a mass effect for obtaining mag 
nification of amplitude of vibration of compressional 
waves could be employed for heating, for under water 
transmission of signals or for homogenizing milk or other 
fluid. Although various specific tools, tool holders and 
acoustical impedance transformers have been illustrated 
and described, obviously the invention in its broadest as 
pect is not limited to the particular examples illustrated, 
as various combinations, permutations and changes of the 
described improvements could be made without departing 
from the teachings of the application and the scope of 
the accompanying claims. 
The following is claimed: 
1. In a vibratory mechanism, the combination compris 

ing an electromechanical transducer for converting elec 
trical oscillations to compressional waves and adapted to 
vibrate when energized at a predetermined frequency, a 
tool to be vibrated and means coupling said transducer 
to said tool for delivery of compressional vibrations there 
to when said transducer is vibrating, said coupling means 
including at least one acoustic impedance transformer 
comprising two sections of substantially different mass 
and each of a length substantially equal to one-quarter 
wavelength of the compressional wave set up therein 
when the transducer is vibrating, the junction of said sec 
tions being substantially at the nodal plane of motion, 
said transformer serving to increase the amplitude of vi 
brations transmitted to said tool by virtue at least in 
part of a mass effect. 

2. The combination according to claim 1 wherein at 
least one of said transformer sections is generally cylin 
drical. 

3. The combination according to claim 2 wherein the 
other of said transformer sections is also generally cylin 
drical, the transformer at the junction of said sections 
having a greater diameter than that of either section for 
reinforcement at the nodal point of the zone of maxi 
mum stress of the transformer. 

4. The combination according to claim 1 wherein said 
coupling means includes a second acoustic impedance 
transformer, one of said transformers being fixedly se 
cured at one end to said transducer and the tool being 
fixedly secured to one end of the other of said trans 
formers, the other ends of said transformers being de 
tachably secured together. 

5. The combination according to claim 1 wherein said 
transducer comprises a laminated body of magnetostric 
tive material and a winding coupled thereto and adapted 
to carry high frequency current, said body being so 
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12 
shaped that when a standing wave of compressional vibra 
tions with an antinode at each end is set up therein by 
passage of high frequency current through said winding, 
the amplitude of vibration at one end is greater than the 
amplitude of vibration at the other end, said acoustic in 
pedance transformer being secured to the first mentioned 
end of said body. 

6. The combination according to claim 1 wherein one 
section of said transformer is cylindrical and the other 
section has an axial conical cavity extending from the 
tool end of the transformer toward the nodal plane, the 
cavity being so shaped that the cross sectional area of 
that section of the transformer continuously diminishes 
from the region of the nodal plane to the tool end of the 
transformer, the tool being a trepanning tool secured to 
the transformer about the periphery of the cavity. 

7. The combination according to claim 1 wherein said 
transducer comprises a magnetostrictive transducer com 
prising a laminated body of magnetostrictive metal and 
cooperating energizing winding, one end of said body be 
ing fixed to said transformer, means for liquid cooling 
said body and a liquid impervious air containing pro 
tective cap secured to the other end of said body for 
reducing the fluid loading on said last mentioned end of 
the body. 

8. The combination according to claim 1 wherein said 
coupling means includes a second acoustic impedance 
transformer adapted to increase the amplitude of vibra 
tions transmitted thereby when said transducer is vibrat 
ing, one of said transformers being formed with a radially 
tapered flange intermediate its ends in the region of a 
nodal plane and means coupled to said flange for support 
ing said mechanism. 

9. The combination according to claim 1 wherein said 
coupling means comprises two acoustic impedance trans 
formers releasably attached together in end to end rela 
tion, the other end of one of said transformers being fixed 
to said transducer and the other end of the other trans 
former being fixed to said tool, the means for releasably 
attaching said transformers comprising an axially dis 
posed externally threaded cylindrical projection on each 
of the cooperating ends of the transformers, said pro 
jections having end surfaces adapted to be brought into 
mating engagement, and means threadably engageable 
with the external threads on said projections for bringing 
said surfaces toward and away from each other, there 
being a deformable metal disc interposed between said 
surfaces, 

10. The combination according to claim 9 wherein the 
end surface of one of said cylindrical projections has a 
noncircular reentrant opening therein and the end surface 
of the other of said cylindrical projections has a protrud 
ing part thereon adapted to mate with said opening, the 
external threads on said projections being oppositely 
handed whereby said transformers may be attached by 
the means threadably engaging the external threads on 
said projections without rotation of a transformer about 
its axis, thereby insuring fixed orientation of the tool. 

11. The combination according to claim 1 wherein 
said tool is of a length equal to an integral number of 
half wavelengths of the standing waves set up therein 
when said transducer is vibrating and wherein the cross 
sectional area of said tool is a maximum at its end remote 
from the coupling means. 

12. The combination according to claim 1 wherein said 
tool has a work-engaging surface generally perpendicular 
to the direction of vibration of the tool and side walls 
terminating at said surface, there being at least one pres 
sure relieving groove in a side wall of the tool intersecting 
said surface, the direction of said groove at its intersec 
tion with said surface being non-parallel to the direction 
of vibrations transmitted to said tool. 

13. The combination according to claim 12 wherein 
said tool surface is generally circular and said side walls 
define a cylindrical surface, said groove extending helical 
ly in said cylindrical surface, 
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14. The combination according to claim 1 wherein said 
tool has a flat work-engaging surface perpendicular to 
the direction of vibration of the tool, said tool being 
formed with passages terminating at said surface for de 
livery of fluid carried abrasive thereto, support means for 
a work piece, and means for oscillating said support 
means parallel to said surface at a rate that is small com 
pared to the frequency of vibration of the tool and 
through an amplitude at least as great as the width of any 
groove. 

15. The combination according to claim 1 wherein the 
end of the section of less mass of said transformer is se 
cured to said tool and said transformer is formed in the 
region of the nodal plane with a passage extending from 
the outer surface of the transformer transversely into the 
transformer and with at least one longitudinal passage 
intersecting the transverse passage at one end and the tool 
end of the transformer at its other end, said passages serv 
ing for delivery of work fluid to the tool. 

16. A tool for cutting or drilling of hard materials 
by vibratory ultrasonic, impact abrasion, having a blunt 
tool end and channels on the surfaces of said tool for 
flow of liquid abrasive slurries to, and under the working 
lower end face of the tool, means to vibrate said tool, 
axially, at high frequency and low amplitude and to force 
said liquid through said channels, said channels having 
inlet and outlet ports to said working face which are in 
clined with respect to the axis of vibratory movement of 
said tool. 

17. A hollow tool for cutting or drilling of hard ma 
terials by vibratory ultrasonic, impact abrasion, having a 
blunt tool end and channels on the surfaces of said tool 
for flow of liquid abrasive slurries to, under and from 
the working, lower end face of the tool, means to vibrate 
said tool, axially, at high frequency and low amplitude 
and to force said liquid through said channels, said chan 
nels being helically incised on said surfaces and having 
inlet and outlet ports to said working face which are in 
clined with respect to the axis of vibratory movement of 
said tool. 

18. A hollow tool for cutting or drilling of hard mate 
rials by vibratory ultrasonic, impact abrasion, having a 
blunt tool end and channels on the surfaces of said tool 
for flow of liquid abrasive slurries to, under and from the 
working, lower end face of the tool, means to vibrate said 
tool, axially, at high frequency and low amplitude and 
to force said liquid through said channels, said channels 
having inlet and outlet ports to said working face which 
are inclined with respect to the plane of the tool face. 

19. A method to provide a continuous flow of an abra 
sive slurry into and from a drill hole and to and between 
the working end of an ultrasonic impact tool and the con 
fronting face of a work piece, and to scavenge detritus 
from the said drill hole, which comprises vibrating said 
tool, axially, at high frequency and low amplitude, forc 
ing a stream of said slurry through channels about the ex 
ferior and interior surfaces of the tool from the upper 
end thereof to the lower, working surface, and the wash 
ing away of said detritus by the said stream of the slurry 
from the said end surface through said channels. 

20. A high frequency, vibratory impact cutting system, 
for drilling holes in a substantially unyielding work na 
terial, comprising in combination a source of high fre 
quency sound vibrations, an elongated, tapered vibration 
transmission medium coupled at its larger end to said 
source, a hollow, blunt ended cutting tool attached to the 
smaller end of said transmission medium, means to move 
and to vibrate said source, tapered medium and cutting 
tool end axially and maintain said end in proximity to 
the face of the material as it is cut, and means to inject 
into and to force from the interior of said hollow tool a 
liquid suspension of a comminuted abrasive and to impel 
it under the tool end, thus to scavenge abraded detritus 
from the locus between said abraded material and the 
cutting tool end. 

21. The method of drilling a hole in a substantially 
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14 
non-yielding work material which comprises positioning 
and maintaining the end of a hollow, blunt ended tool 
in proximity and axially normal to the confronting sur 
face of said material, interposing between the tool end 
and said surface, a liquid suspension of a comminuted 
abrasive, developing axial vibrations at the locus of abra 
sion of high frequency and low amplitude, and impelling 
into and forcing through the interior of said tool and of 
said locus, a continuous stream of said liquid suspension, 
thus to scavenge the abrasion detritus from said locus and 
tool. 
22. The method of drilling holes in substantially un 

yielding work materials which comprises positioning and 
maintaining the end of a hollow, blunt and enlarged 
ended tool in proximity and axially normal to the con 
fronting surface of said work material, interposing be 
tween the tool end and said surface, a liquid suspension 
of a comminuted abrasive, developing at the locus of 
abrasion, axial vibrations of high frequency and low an 
plitude, and impelling into and forcing through the in 
terior of said tool and through said locus and past said 
enlarged tool end a continuous stream of said liquid sus 
pension, thus to scavenge the abrasion detritus from said 
locus and said tool. 

23. A mechanical power transmitting and amplitude 
modifying acoustical impedance transformer formed from 
a single piece of vibration transmitting material and de 
signed to transmit longitudinal mechanical vibrations of 
predetermined high frequency from the input end to the 
output end thereof, said transformer having a longitudinal 
length substantially corresponding to one-half wavelength 
of sound traveling longitudinally through the material of 
the transformer at said predetermined frequency, said 
transformer being composed of two parts of substantially 
different cross-sectional area with each of said parts hav 
ing a substantially uniform cross-sectional area through 
out the major length thereof, the juncture between said 
two parts comprising a portion of variable cross-section 
confined within twenty percent of the length of said 
transformer, the nodal plane of longitudinal vibration of 
said transformer defining an input section and an output 
section of substantially different mass, and whereby said 
transformer is operative to modify the amplitude of lon 
gitudinal vibrations transmitted therethrough by virtue at 
least in part of a mass effect. 

24. A mechanical power transmitting and amplitude 
modifying acoustical impedance transformer designed to 
transmit longitudinal mechanical vibrations of predeter 
mined high frequency from the input end to the output 
end thereof, said transformer comprising a plurality of 
vibration transmitting components rigidly connected in 
end-to-end relationship with each component formed from 
an integral piece of vibration transmitting material having 
a longitudinal length substantially corresponding to one 
half wavelength of sound traveling longitudinally through 
the material of the component at said predetermined fre 
quency, each of said components being composed of two 
parts of substantially different cross-sectional area with 
each of said parts having a substantially uniform cross 
sectional area throughout the major length thereof, the 
juncture between the two parts of each half wavelength 
component comprising a portion of variable cross-section 
confined within twenty percent of the length of the com 
ponent, the nodal plane of longitudinal vibration of at 
least one of said components defining an input section and 
an output section of substantially different mass, and 
whereby said transformer is operative to modify the am 
plitude of longitudinal vibrations transmitted therethrough 
by virtue at least in part of a mass effect. 

25. A mechanical power transmitting and amplitude in 
creasing acoustical impedance transformer formed from 
a single piece of vibration transmitting material and de 
signed to transmit longitudinal mechanical vibrations of 
predetermined high frequency from the input end to the 
output end thereof, said transformer having a longitudi 
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mal length substantially corresponding to one-half wave 
length of sound traveling longitudinally through the ma 
terial of said transformer at said predetermined fre 
quency, said transformer being composed of an input part 
and an output part each of substantially uniform cross 
sectional area throughout the respective major lengths 
thereof, the cross-sectional area of said input part being 
Substantially greater than the cross-sectional area of said 
output part, the juncture between said input and output 
parts comprising a tapered portion confined within 
twenty percent of the length of said transformer and 
located adjacent the nodal plane of longitudinal vibration 
of said transformer, the nodal plane of longitudinal vibra 
tion of said transformer defining an input section and an 
output section of substantially different mass, and where 
by said transformer is operative to increase the amplitude 
of longitudinal vibrations transmitted therethrough by 
virtue at least in part of a mass effect. 

26. A mechanical power transmitting and amplitude 
increasing acoustical impedance transformer formed from 
a single piece of vibration transmitting material designed 
to transmit longitudinal mechanical vibrations of prede 
termined high frequency from the input end to the output 
end thereof, said transformer having a longitudinal length 
substantially corresponding to one-half wavelength of 
sound traveling longitudinally through the material of 
said transformer at said predetermined frequency, said 
transformer being composed of an input part and an out 
put part each of substantially uniform cross-sectional 
area throughout the respective major lengths thereof, the 
cross-sectional area of said input part being substantially 
greater than the cross-sectional area of said output part, 
the juncture between said input and output parts embrac 
ing a laterally extending flange located substantially at the 
nodal area of longitudinal vibration of said transformer 
and presenting opposite side face portions tapering into 
the substantially uniform cross-sectional areas of the re 
spective adjacent input part and output part, said flange 
and tapered side face portions thereof being confined 
within twenty percent of the length of said transformer, 
the nodal plane of longitudinal vibration of said trans 
former defining an input section and an output section of 
substantially different mass, and whereby said trans 
former is operative to increase the amplitude of longi 
tudinal vibrations transmitted therethrough by virtue at 
least in part of a mass effect. 

27. A mechanical power transmitting and amplitude 
modifying acoustical impedance transformer operative to 
transmit mechanical vibrations of predetermined high 
frequency longitudinally therethrough from the input end 
to the output end thereof, said transformer being formed 
from a single piece of vibration transmitting material pre 
senting two sections of substantially different mass, each 
of said sections having a length substantially equal to one 
quarter wavelength of a compressional wave set-up there 
in when mechanical vibrations of such predetermined 
frequency are longitudinally impressed upon the input end 
thereof, the junction of said sections being substantially 
at the nodal plane of longitudinal motion of said trans 
former, said junction presenting the greatest alteration in 
cross-sectional area within ten percent of the length of 
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the respective sections on opposite sides of said nodal 
plane; said transformer being operative to alter the am 
plitude of vibrations transmitted longitudinally there 
through by virtue at least in part of a mass effect. 

28. A mechanical power transmitting and amplitude 
modifying acoustical impedance transformer operative to 
transmit mechanical vibrations of predetermined high 
frequency longitudinally therethrough from the input to 
the output end thereof, said transformer being formed 
from a single piece of vibration transmitting material and 
having a longitudinal length substantially corresponding 
to one-half wavelength of sound traveling longitudinally 
through the material of said transformer at said prede 
termined frequency, the nodal plane of said transformer 
defining an input section on one side thereof and an out 
put section on the other side thereof of substantially dif 
ferent mass, one of said sections having a substantially 
uniform cross-sectional area throughout the major length 
thereof and said other section having a tapered contour 
and a gradually decreasing cross-sectional area extending 
from the area of the nodal plane to the smaller end area 
thereof, said transformer being operative to modify the 
amplitude of longitudinal vibrations transmitted there 
through by virtue at least in part of a mass effect. 

29. A mechanical powered transmitting and amplitude 
modifying acoustical impedance transformer operative to 
transmit mechanical vibrations of predetermined high 
frequency longitudinally therethrough from the input end 
to the output end thereof, said transformer comprising a 
plurality of vibration transmitting components rigidly 
connected in end-to-end relationship with each component 
formed from an integral piece of vibration transmitting 
material having a longitudinal length substantially corre 
sponding to one-half wavelength of sound traveling lon 
gitudinally through the material of the component at said 
predetermined frequency, the nodal plane of each of said 
components defining an input section on one side thereof 
and an output section on the other side thereof of sub 
stantially different mass, one of said sections of each com 
ponent having a substantially uniform cross-sectional area 
throughout the major length thereof and said other sec 
tion having a tapered contour and a gradually decreasing 
cross-sectional area extending from the area of the nodal 
plane to the smaller end area thereof, said transformer 
being operative to modify the amplitude of longitudinal 
vibration transmitted therethrough by virtue at least in 
part of a mass effect. 
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