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The present invention relates to apparatus for
producing compressional waves and is applicable
for the production of such waves in air, water or
in other media.

In the present invention the compressional
waves produced are more particularly in the range
of so-called supersonic frequencies, that is, fre-
quencies which are beyond the audibility of the
human ear, slthough to some extent the present
invention is aiso applicable to the production of
high-frequency compressional or sound waves
which are situated in the upper part of the audi-
bility range of the human ear and just beyond it.

Due to the fact that metals possess great elas-
ticity and that the wave lengths of high frequency
compressional waves are very short in metals,
it is difficult to assume that the masses involved
in compressional-wave apparatus of this type
move as masses alone without partaking in the
vibration of the vibrating elements.

In the prior art devices have been used in which
a radiating surface or arep was very large as
compared with the wave length of the sound to
be propagated in the propagating medium and
the radiating surface was vibrated at a plurality
of points in order to produce a plane wave or a
directed beam of sound or compressional waves.
Such devices have been usefully employed both
In so-called plezo-electric oscillators and in oscil-
lators of the magnetic type.

In supersonic oscillators of the plezo-electric
type 8 mosaic of plezo-electric crystals are mount-
ed between steel plates. The thickness of the
plates together with that of the crystals are such
as to establish a tuning in a direction perpen-
dicular to the piate surface and each crystal, in
fact, vibrates that part of the plate where it is
attached. An examination of this type of oscil-
lator indicates that the whole plate does not
move with the same amplitude and that between
the places where the crystals are applied the vi-
brational energy is sometimes quite small.

In other types of oscillators the same charac-
teristics are found and while it is possible to pro-
duce some vibration over an entire plate, it has
been found a fact that the vibration is more par-
ticularly produced opposite the places where the
vibrational energy is applied. This glves evidence
of the fact that in high frequencies there is diffi-
culty in making 8 plate act as a diaphragm and
the tendency is for it simply to act as a trans-
mitting medium.

In devices employing other than piezo-electric
means, {or instance, in oscillators of the magneto-
strictive type. it 13 possible to use resonant tubes

or rods for driving a sound diaphragm over ifs
surfaée in the same phase. The difficulty, how-

_ever, of making the whole diaphragm or plate to
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which the rods are attached vibrate is also pres-
ent here, and it is usually observed that the
vibration occurs more particularly at the points
where the rods or tubes, producing the compres-
sional wave energy, are attached.

I have also observed that it is quite impossible
to predict just how such plates or diaphragms
will vibrate and just what load either radiating
or mass load should be considered as helonging
to each operating unit. In fact it appears thst
rods or tubes similarly attached which beforehand
had the same resonant frequencies may well after
attaching have other resonant frequencies. This
fact alone makes it difficult to obtain & uniform
resonance of all the operating units and seriously
handicaps and limits the available power outpuf,
since some units are operating on resonance while
other units are off the resonant point. This con-
dition. ‘also "distorts the sound- beam since it is
apt to destroy the uniform phase vibration of the
entire vibrating surface.

In the present system whick I have devised I
have avoided many of these difficulties by con-
structing each unit as an independently operat-
ing unit and establishihg the same resonance
point for each so that they can all operate with
the same amplitude in the same phase at the
same frequency. In order to produce a fixed
beam of compressional waves it is only necessary
in the present system to have a sufficiently large
number of independently operating units posi-
tioned or nested close together vibrating in the
same phase in order to produce a plane wave
whose width in the propagating medium will be
many times the wave length of the sound or com-
pressional wave produced.

When it {5 desired to produce a directive beam
of sound or compressional waves whose direction
can be controlled or varied, this may be done by
vibrating iines or groups of individually operating
units with proper phase differences, it being pref-
erable under such conditions to have the individ-
ually operating units relatively point sources so

,that each point in the medium may have the right

vibrational phase. )

Without further describlng the features of the
present invention, the tnvention will be described
in connection with the drawings which show sev-
eral embodiments of the invention. Fig. 1 shows
a plan view of the compressional-wave producing
mesns; Fig. 2 shows & section on the line X—X
of Fig. 1; Fig. 3 shows a modiflcgtion of the con-
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struction shown in Fig. 2; Flg. 4 shows a further
modification of the structure set forth in Fig. 2;
Fig. 5 shows 4 modification of the details of con-
struction of the vibrationel tube; Figs. 6 and 7
show further modifieations of the detail shown in
PFig. 5; and Fig. 8 shows a face view of the nesting.
of the individual operating units in a modifled
form. .

In Figs. 1 and 2 the construction of the oscil-
lator shows s heavy piate 10 in which there may
bz made perforations or holes 11} having conical
shoulders 2. The plate {0 has a great number
of perforations in which are placed. the:oscillating
tubes §8, i3, 18, ete. as indicated in Fig. 1.

The construction of the oberating unit includ-

ing the oscillating tube 13 is shown more in detail-

in Fig. 5. The oscillating tube (3 in Fig. 5 is pro-
-vided with a cap 14 covering one end of the tube
while the other end 16 of the tube is flared out
conically to rest in the shoulder 12 of the plate 10,
A clamping plug {8 rests within the flared-out
end 15 of the tube. The plug 18, as indicated in
Fig.-5, has a center hole 17 and two small conduits
18 snd 18 through which the conductors 20 and
21 pess. Formed as a pari of the clamping plug
1§ is a red 22 which hag 2 cap 23 at the end of it.
The core 22 15 preferably of magnétizable mate-
rial and may be permanently magnetized as well
as the cap 23. In this construction it is some-
times preferable to make the center core of iron
end the ends of cobalt ar chrome steel arilling
the holes 18 and ‘19 through the end portion of
the core of iron. .About the core 22 is wound a
cofl 24 to. which the alternating current of the
desired frequency is supplied for generating the
compressional waves and a direct current excitg..

tion also if desired aithough.two separete wind--
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tube resonance, the mechanical vibrations will be
greater at the edge of the cap (4 than in the
center, while in the case of diaphragm resonance,
or resonance of the plate (4, the vibrational effect
will be greater at the center of the dfaphragm
than at the edge where the head (£ is attached to
the tube. : . ‘

In Fig. 6 & means is shown whereby the reso-
nance of the cap 26 may be placed above that of
the tube i3 without increasing materially the
mass of the cap. This may be accomplished, as
indicated in Fig. 8, by cuppiug the inside of the

~cap 26 so that the parts of the cap near the tube

13 are stronger than the center of the cap. 'The
combination shown in Fig. 6 produces a piston
action of the cap 26 and provides, because of its
uniformly large amplitude of the whole plate
26, a larger radiating ares to the propagating
medium.

In Fig. 2 means are provided in addition to
the means indicated In Fig. 5 for providing mag-
In Fig. 2 it will be
noted that a coil 27 is provided which is clamped
between a magnetizable plate 28 and the piate
19 by means of & boit 28; The magnetizable plate .
28 may extend over the whole surface of the
oscillator and is provided, as indicated in Flg. 1,
with holes 30 concentric with the tubes 13. The
flux generated In the coil 27 is impressed upon
the tubes (3 between the holes 30 formed in the
plate 28 ahd the clamping piaces at the shoulders
{2 of the plate $6. The flux in the tubes 27 is
such as to aid the flux due to the permanent

- magnetization of the core 22 or the direct current

a6

ings may be used. The coil 25 may In part be -

supplied with & magnetlzing current In addition
to, or in place of, permanently magnetizing the

40

core 22. As indicated in Fig. 5, the core 22 ex- )

iends downward within the tube i3 and the cap
28 is positioned near the end of the tube {3 near

the cap i4, the size.of the kead or cap 28 belng

such that its edge comes very close to the inner
wsli of the tube {3, ) : :

As indieated in Fig. 2 the fube 13 and the
clamping cep i@ are held clamped in place by

excitation in the coil 28.

All parts of the plate 24 are substantially at
the same magnetic potential and equal fiux will
fiow through ench tube {3 increasing the normal
flux carried by the magnetostrictive tubes. In’
this connsctior it may be remarked that the
generation of mechanical vibrations in magneto-
striction action is produced by a variation in
fiux density occurring in the magnetostrictive
elemeni and that the most favorable and effective
results are produced when the normal magretiza-
tion of the magnetostrictive materiai iz at 8 de-
sired fixed flux density. This density is obtained

' by polarizing the magnetostrictive element either

menits of the externally threaded nut 28 which -

Js thresded into the plete 8. The tube 15 is
made of megnelostrictive materiai such as nickel
or seme other suifable material, and compres-
sionel vinrations ere produced by vibration of the
tube 12 which vibrates the cap !4 at the end of
ihe tube. . Co i

The varying fiux necessary to operate the tube

3 is obtalned through the coil 24 which in effect
provides two poles, one in the clamping cap 16
and the other in the head 22 near the unclampsd
end of the tube I2. These two polés szef up &
magnetic fiux. which . passes - longiindingily
through the tubs 13 and the variation in this fux
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ebout & normal value produces ‘coripressional

forces on the tubz to generate the mechanical
vibrations, ) o

In Fig. 5 the cep 14 is of the same whickness ag
the fube i¥ 2pd it should be noted that ths slze
and thickness of the cep (4 may be such &8s 1o pro-
duce & resonsncs which, coupisd with the ree-
onsace of the tuhe 13, produces tha rescnance of
the eperating system. Twa points of resonance

may be noted, the one pelnt at which the tube-

Tesonance predominates and the other point at
wiich the plate or head resonance of the cep 4
predominates. In one case, In the case of the

65.
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with & permenent
described above. ) -
Between the heavy plate (& sagd the piate 28,
8s indicated in ¥ig. 2, there is 8 plate or cover
3t which is preferadiy of nard rubber or some
Buch material 2nd serves not only to Sl the
space between the plate !4 and the external
plate 28, but alss to Yurnisy, 5 oaffe for tne cap
6 of the tube. The pikte i3 ig provided with &
flange 32 and ihis rests uwon the heavy ineriig
seah 38 which may be riveted o the ship, as in-
dicated in Fig. 4, through ine rivets 34, As in-
dicated in the Bgure thw seat 3% has an out-
wardiy extending flange 28 lining the opening
iz the vessel, and the skin of the vessel 36 is
joined to the flange 35 through the weld 37 or in -
some Gther well-kriown manner, :
£ cover 36 may be provided, as indicated in
Fig. 4, and this may enclose the back end of the '
czelllator, it being attached to the plate 19 in
the Aange. 32 hy means of the bolts 39. The
whols ocsciliator is aitached to the heavy seat
38 through she holts 40 spaced araund ine oscil-
lator and pessing through the flange 32. In Fig.
2 there is also indicated a plete 4f having ter-
minels 73 and 74 which provides 2 mesans for
making the electrical connections with the leads

magnes or an eleciromagnet os

Y
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15, 16, 11 and 18 coming from the individual

coils.

As indicated in the modification shown in Fig.

4 the three coils 42, 43 and 44, which preferably
are positioned in a vertical straight line as in-
dicated in Fig. 1, are connected in series through
the connecting wires 45 and 46, there being
therefore only two leads 41 and 48 which are
brought out to the terminal or connecting board
41, In the modification shown in Pig. 4 the
heavy plate 49, corresponding to the plate 10
in Fig. 2, extends outwardly towards the skin
of the vessel and no rubber plate, as shown in
Fig. 2, is provided. The oscillating unit as in-
dicated in this figure comprises a magneto-
strictive tube element 50 having a cap 51 at the
sound radiating end which is larger than the
tube itself. The sound radiating end 51 may be
extended beyond the plate 49 and made hex-
agonal as shown in Fig. 8, so that the entire
group of radiating elements may be nested to-
gether as indicated in that figure. The radiat-
ing element 51 is indicated as a fat plate, but,
as indicated in Fig. 6, this may be strengthened
in the vicinity of the junction of the tube S0 8§
to make the plate 51 vibrate as a unit or in the
piston fashion,

The tube 50 at its upper end, ag indicated in
Fig. 4, is solid in the center, thus forming a rod
52 which is provided with a shoulder 53 and a
thinner end cylindrical portion §4 threaded to re-
ceive the nut §5. As is evident from the draw-
ings, the tube 50 is held in place by being clamped
to the plate 49 between the shoulder 53 and the
nut 85, the solid portion of the element §2 being
driven into the plate 49 in a forced fit sg that
the cylinder 52 and the plate 4§ really form a
single unitary mass. Conduits 56 may be pro-
vided in the plate 49 to receive the conductors
for the coils 43, ete. It wili be noted in Pig. 4
that the plate 49 surrounds each coij 43, etec. and
" provides a return path for the magnetic flux
established in the coils 43, ete. The magnetic
flux path is through the tube §0, through the
plate 51, through the mass 49 and returning
in the solid cylinder 52. In this manner a very.
efficient magnetic path is provided for the mag-
netostrictive tube and the magnetic flux is con-
centrated chiefly in the space that the tube
occupies. ,

A further modification of the operating unit
is indicated in Fig, 7. Here the plate 51 which
is of the same general structure as that shown
in Fig. 2 is provided in the perforations corre-
sponding to the perforations ¢! in Fig. 2 with
rectangular shoulders 58 on which the magneto-
strictive tube 58 rests. The magnetosirictive tube
59 is provided at its upper end with s square
shoulder 60 which corresponds and fts snugly
on the shoulder §8 of the plate 1. The internal
electrical element in this case comuprises o core
61 having at opposite ends caps 82 and 83. The
cap 63, however, has an outwardiy extending
flange 84 of such size that it iz adapted to rest
upon the shoulder 88 of the magnetostrictive unit.
The threaded clamping plug 8§, similar to that
shown in Fig. 2 and threading into the plate 87,
is used to clamp the unit firmly in place. The
magnetostrictive tube 57 may be capped with
a cap 66 of the same type as indicated in Fig.
5 or it may have a piston type cap as indicated
by 26 in Fig. 6. A hard rubber plate 671, corre-
sponding to the plate 34 in Fig. 2, may be pro-
vided to serve the same purpose as the plate 31
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in Fig. 2 and form & continuous surface with the
skin of the vessel.

It will be noted, in fact, in Pigs. 1, 2 and 4
that the oscillator is formed as a continuous
surface and may be made, as indicated in PFig.
4, continuous with the skin of the vessel 36. This
is extremely important in preventing points of
pressure release behind the operating unit and
providing a continuous rigid surtace at the points
of generation of the plane wave in order to
insure that no distortion of the plane wave may
exist through irregularities surrounding the
vibrating surfaces.

As has been pointed out above, the radiating
elements indicated in Fig. 4 may be hexagonal
In shape and they also may take other shapes
which are suitable to be nested together to form
8 continuously vibrating surface.

In the drawings shown in Fig. 8 the total di-
mensions of the vibrating system should be many
times the wave length of the sound or compres-
sional waves in the propagating medium and
preferably the nesting, when it is desired to pro-
duce a fixed directive beam, should be such as
to produce vibrational energy over the entire
vibrating surface. When it is desired to pro-
duce a beam whose ‘direction may be controlled,
the Individual units should be substantially a
point source and for this reason it ig preferable
to have the effective dimension of the radiating
sources small compared with a wave length. It
is also preferable in such cases in order to pre-
vent the secondary maxima from being objec-
tionable and to have a2 beam which may be uni-
formly shifted, to have successive lines of units
spaced at distances mo greater than one-half
wave length apart. It should be noted that for
operating the system both as a fixed source and
a5 an adjustable source thé entire surface may
be efficlently used If the units are nested together
in such a fashion that their dimensions are ap-
proximately one-half wave length and they are
practically touching one another. From the dis-
cussion above, however, 1t should be noted that
the units should be independent and be inde-
pendently operated in order that the phase,
tuning and frequency might be accurately con-
trolled.

In the modification shown in Fig. 3 which
corresponds for the most part to the modifica-
tion shown in Fig. 2 it should be noted that the
magnetizable plate 28 extends beyond the cap
of the tube I8 providing a space around the end
of the cap 13. This space may be covered with
a cover 88 which preferably may be a soft rub-
ber cover or similar material. The space 68
between the cover and the end of the tube 13
may be filled with some liquid, either water or
castor oil, providing a transmitting medium be-
tween the radiating end of the tube and the
propagating medium beyond the cover 68,
Otherwise the construction shown in Fig. 3 is
similar to that indicated in Fig. 2.

Having now described my invention, I claim:

1. Means for producing a beam of compres-
sional waves comprising a heavy plate, a plurality
of magnetostrictive tubes having radiating caps
at one end thereof, a magnetic core positioned
within each of said tubes, said core having a
winding thereon, means clamping the tubes in
said plate and the cores in the tubes, a rubber
diaphragm covering said tubes and solid means
substantially filling the space between the tubes.

2. Means for producing a beam of compres-
sional waves in water comprising a plurality of
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spaced, independently operating magnetostric-
tive units having the same characteristics, Lgquid
tight casing means holding said units in a unitary
structure, each unit operating as an independent
element thevein, a watertight rubber diaphragm
covering the radiating ends of said units exposed
to the propagating medium, and liguid means
carried within said casing surrounding said units.

3. Means for producing a peam of compres-
sional waves in water comprising a plurality of
spaced magnetostrictive units having similar
characteristics, means surrounding said units to
polarize the same, said units having radiating
elements, means holding said units in 2 unitary
structure having only one side exposed to the
propagating medium and a watertight rubber
diaphragm covering the radiating ends of said
units positioned at said open side, each unit
operating as an independent element therein.

4. Means for producing 2 beam of compres-
sional waves in water comprising a plate having
perforations therein, a plurality of spaced radiat-
ing units having magnetostrictive means inde-
pendently operating the same and mounted in
and projecling from the perforations in said
plate, means surrounding said units for polar-
izing the same, said means extending peyond said
ynits forming a cavity over the units, a water-
tight covering extending oOvVer the means Ssur-
rounding the units and forming with the plate a
liquid tight casing and & liguid filling the space
between the cover and the units.

5. In & means for producing a beam of com-
pressional waves. a radiating unit adapted 10
vibrate at jongitudinal resonance comprising a
magnetostrictive tube having a Cap thereon hav-
ing the rim thicker than the center and means
energizing the tube, positioned within it.

6. In a means for producing a beam of com-
pressional waves, a radiating unit adapted to
yibrate at longitudinal resonance, comprising a
magnetostrictive tube having a Cap thereon at
one end and 8 shoulder at the other end, a plate
in which said shoulder fits and means clamping
said tube in said plate at said shoulder.

7. Means for producing 2 beam of compres-
sional waves comprising a plate, a plurality of
magnetostrictive tubes, means mounting and in-
dividually supporting said tubes in said plate
close to one another and projecting to the surface
of the plate to form substantially & continuous
radiating plane surface, and electrical means for
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individually energizing each of said tubes in de-
sired phase relation.

8. Means for producing a heam of compres-
sional waves comprising a heavy plate having re-
cessed portions therein positioned perpendicular
to the surface of the plate, magnetostrictive tubes
placed in said recessed portions, each having a
cap thereon substantially filling the recessed
opening in the plate, means clamping the tubes
in said plate and a coil surrounding each tube
positioned just below the cap on said tube.

9. In a means for producing compressional
wave energy by the vibration of a plurality of
similar units, a hollow magnetostrictive tube hav-
ing a cap closing one end thereof, a core positioned
within said tube, said core comprising a stem
portion and an end portion projecting towards
the inner surface of the magnetostrictive tube
near the cap end, a coil positioned about said
stem portion for energizing said tube and means
provided at the other end of the tube for holding
said core and tube rigidly together.

10. In a means for producing & peam of com-
pressional wave energy, a plurality %f hollow
magnetostrictive tubes each having one end
closed by a cap element, a core positioned with-
in each of said tubes, said core having a stem
portion and an eniarged end portion projecting
towards the side walls of the tube near the cap
end, said core being provided at the other end
with a flanged portion extending over the end
of the tube and means for clamping said tube
and core rigidly in pilace. )

11. In a vibratory mechanism, & plurality of
magnetostrictive tubes each of which is closed
at one end by & radiating cap, & heavy bplate
naving recesses shaped to fit and surround said
radiating caps, means mounting said tubes in
said plate with the radiating cap flush there-
with, and means associated with said tubes for
imparting vibratory energy thereto or receiving
vibratory energy therefrom.

12. In a vibratory mechanism, a plurality of
magnetostrictive tubes each of which is closed
at one end thereof by a radiating cap, said radiat-
ing cap having the shape of a regular polygon, a
plate member having recesses adapted to receive
said tubes, and means mounting said tubes in
said recesses in said plate with the radiating cap
fAush therewith and means associated with said
tupes for imparting vibratory energy thereto or
receiving vibratory energy therefrom.

LAURENCE BATCHELDER.



