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New ¥eork, N. ¥., & corporation of New Yeork
Applieation July 2, 1943, Serial No. 493,179
(Cl. 197-—3886)

§ Claims.

This invention relates to compressional wave
signaling devices and more particularly to high
frequency or supersonic submarine signal. pro-
jectors and detectors especially - adapted for
mounting on or from the hull of a ship. \

One object of this invention is to obtain a
highly directional propagation or response pat-
tern for a submarine signaling device. More
specifically, one object of this invention is to
obtain such a pattern wherein all secondary lobes
are suppressed to a level greatly below that of
the primary lobe. o

Another object of this invention is to achieve
substantially distortionless translation of super-
sonic signals in submarine signal projectors and
detectors. .

A further object of this invention is to realize
substantially uniform translation of signals and
sharp directionality throughout s wide fre-
quency band in submarine signaling devices.

Still another object of the invention is to im-
prove the efficiency of compressional wave sig-
naling devices, :

In one illustrative embodiment of this inven-
tion, & submarine signaling device operable as
either a projector or detector of supersonic sub-
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marine signals comprises & streamlined housing .

adapted to be mounted from or on the hull of
a ship and a signal translating device rotatably

mounted within the housing. In one form, the *

translating device includes a group of piezo-elec-
tric erystals arranged and graded as to power
capacity to produce a maximum response along
the axis normal to the face. of the translating
device and constructed and mounted to have g
maximum sensitivity at a prescribed frequency,
the frequency at which the device is to be uti-
lized, if single frequency operation is intended,
or the highest frequency in the band to be trans-
lated, if band frequency operation is intended or
desired. .

In accordance with one feature of this inven-
tion, the crystals are arranged in coordinately
symmetrical rows with their radiating or receiv-
ing faces coplanar and the crystal dimensions
and spacings are correlated in relation to a pre-
assigned frequency whereby a highly directional
propagation or reception pattern is realized and
a great and substantially optimum suppression
of secondary lobes in this pattern is obtained.

In accordance with another feature of this in-
vention, the housing is provided with a large area
portion or window opposite the signal translat-

_ing device, of an extent sufficient to allow scan-
ning throughout a large angle by rotation of the
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translating device, and this portion is constructed
so as to withstand great hydrostatic pressures and
forces without yielding or vibration and to be
capable of allowing transmission therethrough
of high frequency and supersonic compressional
wave signals, that is signals having a frequency
of the order of 10 kilocycles and higher, without
substantial attenuation and with uniformity inde-
pendent of the angle of incidence of the signal
waves thereon. Means are provided within the
housing for preventing undue reflection of signal
waves which pass through the window and are
not received by the device and other means are
provided for shielding the translating device from
extraneous signals emanating from sources out-
side of the angular range through which the de-
vice is adapted to scan, whereby distortion of the
signals by reflection effects or extraneous signals
or noises is prevented. In one construction the
means noted are fabricated as a unitary assembly
with a transverse bulkhead positioned adjacent
the ends of the sonically transparent window, the
reflection preventing means comprises an attenu-
ator pad capable of absorbing the energy of com-
pressional waves incident thereon and this may
be associated with a shielding means comprising
a cellular member capable of reflecting compres-
sional waves which impinge upon it.

The invention and the above-noted and other
features thereof will be understood more clearly
and fully frem the following detailed description
with reference to the accompanying drawing in
which: :

Fig. 1 is a side elevational view of a supersonic
submarine signaling device illustrative of one
embodiment of this invention, portions of the
housing being broken away and a part of the
bulkhead assembly being illustrated in section to .
show details of construction;

Fig. 2 is a top view of the signaling device illus-

‘trated in Fig. 1, portions of the housing being

broken away and the bulkhead assembly and the
translating device being shown partly in section;

‘Fig. 3 is a front view of the translating device
included in the signaling device shown in Figs.1
and 2, the major portion of the front wall of the
translating device being broken away;

Fig. 4 is a side view, mainly in section of the
translating device illusirated in Fig. 3;

Fig. 5 1s a sectional viaw along plane 5—5 of
Fig. 2 with a portion of the bulkhead assembly
broken away to show details of the assembly; and

Figs. 6 and 7 are diagrams showing typical di-
rectional patterns for a submarine signaling de-
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.vice-of the construction illustrated in Figs. 1
and 2. : .

Referring now to the drawing, the submarine
signaling device illustrated in Figs. 1 and 2 com-
prises a rigid housing of streamlined configura-
tion, as shown clearly in Fig. 2, the outer sur-
faces or walls of which are 'of a material, such as
stainless steel, resistive to the corrosive action of
sea water. The housing may be fabricated as a
single element or may be defined by an upper
dome portion (0 and a lower inverted dome-
shaped portion, designated as 11 as a whole, the
two portions having juxtaposed flanges 12 joined
to one another, together with an interposed
washer 14, by bolts 18. The signaling device is
adapted to be supported from a wall 15 of the
hull of a ship as by a hollow coupler assembly (6.

The lower dome portion {l comprises & base
wall {1-and a body 18, both of relatively thick
material, e. g % inch steel, secured to one an-

other as by welding, the body 18 having a large

area cut away to receive a window structure
highly transparent to compressional wave ener-
gy. The window structure includes & frame-
work 18 of expanded metal, for example stain-
less steel, the openings in which constitute of the
order of 70 to 80 per cent or more of the total
area of the framework, and a thin steel sheet 20,
for example about 20 mil stainless steel, secured
to the framework (9. Advantageously, the ex-
panded metal framework Is relatively thin, and
the sheet 20 is secured, as by welding, to each
intersection of the.element of the framework,
Such construction provides a window through
which compressional wave energy will pass with
substantially negligible attenuation and mini-
mizes reflections from the dome window and pro-
vides also a rigid window of great strength which
not only will withstand great hydrostatic pres-
sures but also will not introduce extraneous vi-
brations due to forces acting thereon even when
the ship on which the device is supported is trav-
eling at relatively high speeds, e. g. of the order
- of 20 or more knots. The small thickness of the
expanded metal framework and the large ratio
of the openings therein to the total window area
assure only very small reflection of compres-

sional waves incident upon the window. Further, .

the impedance of the window to sound waves Is
substantially independent of the angle of inci-
dence of the compressional waves thereon.
Mounted within the lower dome portion {1 well
toward the forward end thereof and aligned with
the window 19, 20 is a signal translating device
including a water-tight housing 2f which is
mounted on a rotatable support 22 the driving
shaft 23 for which projects into the interior of
the ship. The housing 21 includes a sound trans-
parent wall or window 2& of suitable material,
such as commercially available forms of rubber,
thin steel or suitable plastics having substantial-
1y the same density and impedance to the trans-
mission of supersonic compressional wave energy
as sea water. The unit of the signal translating
device, as shown clearly in Figs. 3 and 4, com-
prises a foundation plate 25, for example of met-
al, which is supported in the housing 21 by four
brackets 26 and 27 bolted to the plate 25 and se-
cured to the base wall 28 of the housing 21 and &
mounting bar 29 by suitable machine screws 33.
Advantageously, resilient, e. g. rubber, spacers
31 are provided between each bracket and the
wall or bar to which it 1s secured to permit lim-
ited expansion and contraction of the plate and
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to Insulate the crystal structure from ship vibra-
tions and noises. |
Secured to the face of the plate 26 toward the
wall 24 is a group of square piezoelectric crystals

5 32, each of which may be constituted of two or

more 45-degree Y-cut Rochelle salt slabs joined
together and. connected electrically in parallel”
and which is secured to the plate 26 by an insu-
lator detail shown at 83 in Fig. 3, cemented or
fastened to the crystal and plate. '
As shown clearly in Fig. 3, the several crystals
are arranged in lateral and longitudinal rows;
the two or four end crystals in each row are com-
posed of two slabs and the intermediate crystals
are composed of four slabs. Each row is sym-
metrical with respect to the lateral or longitudi-
nal axis of the entire crystal group and, as will

~pe apparent, the group approximates a circular

array or blanket of crystals. One half the crys-
tals; for example all those to the left of the lon-
gitudinal axis z—=z in Fig. 3, are connected. elec-
trically in parallel by conductors 34 and bus wires
35 leading to terminals 36A and the other crys-
tals, that is, those to the right of the axis z—z
in Fig. 3, are connected electrically in parallel
by similar leads 34 and bus wires 35 leading to
terminals 86b. ILeading-in conductors 81, con-
nected to the terminals 36a and 36b, enable op-
eration of each half of the crystals separate from
the other half or operation of all the crystals in
parallel.

‘Because of the two slab construction of the
outer or end crystals in each row, these crystals
have twice the impedance and are capable of ra-
diating one-quarter the power of the intermedi-
ate crystals. When all the crystals are energized
in parallel, the propagation pattern of the trans-
lating device is highly directional, approximately
a cone, for example of -an included angle of the

40 order of 23 degrees at 24 kilocycles about an aXis

normal to the faces of the plate 26 and passing
through the center of the crystal group. .

Secured to the other or rear face of the plate
25 or integral therewith are a plurality of back-
ing blocks or resonator members 38, one for each
of the crystals 32 and in alignment therewith.
In another construction a solid resonator of suit-
able length for each half of the crystals may be
used. The backing blocks 38 advantageously are
of a length substantially equal to one quarter the
wavelength of the frequency to be translated, or
of the mid-band frequency to be translated if
the device is intended for band frequency oper-
ation, and the height of the crystals 32, that is
the dimension thereof normal to the plate 25,
likewise is made substantially equal to one quar-
ter wavelength of this frequency whereby vibra-
tional nodes are established substantially at the
plate 25 and a high efficiency is obtained. Slight
differences in the crystal length and resonator
length may be used to further broaden the fre-
quency band. ’

It has been found that orientation of the faces
of the erystal slabs, the dimensions of the crystals
and the spacing thereof are highly important faz-
tors determining the amplitude of the secondary
lobes appearing in the directive pattern of the
translating device. Particularly, it has been
found that if the major faces of the crystal slabs
are parallel to the axis about which the translat-
ing device is rotatable, that is parallel to the z—z
axls as in Fig. 3, a substantial reduction, of the
order of 10 decibels, in the first secondary lobe
is obtained as compared with a construction

75 wherein the slab faces are normal to this axis.
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: Purther, a marked and optimum suppression of

this secondary lobe is realized when the width of
"each crystal 32 is equal to of the order of 0.4
the wavelength corresponding to the mid-fre-
quency in the band of frequencies the device is
intended to translate and, adjacent crystals are
spaced center to center of the order of 0.6 this
wavelength. For these dimensions, in a particu-
lar device for which the mid-band frequency was
24.5 kilocycles, the maximum secondary lobe was
down approximately 20 decibels from the primary
lobe and 23 decibels at 20 kilozycles. :
Further, the dimensional ratios noted have bee

10

found to enable realization of excellent cancel-

lation when lobe comparison or beating devia-
tion indication operation is utilized with the de-
vice. In this case, as is understood, the two
halves of the group of crystals, that is those to
the left and right of the z—z axis in Fig. 3, are
operated 180 degrees out of phase after the sound
source has been located with all the crystals op-
erated in phase, to locate the sound source with
respect to one side or the other of the zero axis,
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that is, the axis normal to the faces of the plate

25. The efficacy of the translating devize in side
lohe comparison operation is measured by the
cancellation obtained along the zero axis. Op-
eration with phase differences between the halves
of values other than 180 degrees are also possible.
The features noted in the two preceding para-
graphs will be appreciated from the typical direc-
tional patterns shown in Figs. 6 and 7. Fig. 6
shows the pattern when all the crystals are op-
erated in phase and, it will be apparent, the
greatest secondary lobes S are substantially 20
decibels down from the primary lobe P, The pat-
tern is essentially the same for both projecting
and detecting. Fig. 7 shows the directional pat-
tern when the two halves of the crystal group are
operated 180 degrees.out of phase, the two halves
of the pattern on opposite sides of the zero axis
being the main portions of the pattern for the
respective halves of the crystal group. As is ap-
parent from Fig, 7, the cancellation obtained on
the zero axis is substantially 30 decibels or more
so that the sound source can be located accurately
- as on one side of the other of this axis. :
Mounted rearwardly of the backing blocks or
resonators 38 is an attenuator or absorber which
comprises a plurality of fine mesh metallic
screens 40, adjacent screens being separated in
fixed space relation by spacers 44. The screens
may be of 100 mesh steel screens of 4 mil wire
and the spacers 40 may be sheets of steel ex-
panded metal of the order of 100 mils thick and
the openings in which constitute of the order of
70 to 80 per cent or greater of the total area. The
screens and spacers gre mounted in pile-up fash-
ion upon a frame 42 which is secured to inner
walls of the housing 21 by brackets 43. The hous-
ing 21 is filled, as by way of a port (44, with a

gas-free viscous fluid, such as castor oil, having

substantially the same characteristics for the
transmission of supersonic compressional wave
energy ‘as séa water, It is possible to change the
frequency band by using a lquid which results
in some impedance mismatch. The attenuator or
absorber immersed in the fluid serves to absorb
much of the energy of waves projected rearwardly
from the crystal and resonator assembly and thus
prevents reflection of such waves to the crystal
and resonator assembly and, henze, distortion of
the signals translated by the assembly. Similarly
this screen assembly reduces the rear response
when the instrument is operated as a detector,

25

A bulkhead 44, for example a steel plate welded
at its sides to the body 18, is mounted in the lower
dome portion If at a region adjacent the ends
of the window 19 and 20 and supports a reflect-
Ing pad and an attenuator or absorbing pad. The
attenuator or absorbing pad, as shown most
clearly in Fig. 5, comprises a pile-up of fine mesh
screens 45 and expanded metal spacers 59, similar
to the attenuator 40, 41, which is mounted with-
in a housing 46, the front wall 41 of which is of
a sound transparent material, such as commer-
clally available forms of rubber, capable of trans-
mitting supersonic compressional wave energy
therethrough without substantial attenuation.
The housing 46 is filled with a gas-free fluid, such
as castor oil, so that much of the energy of waves
incident upon the wall 47 is absorbed by the at-
tenuator and reflection of such waves is pre-
vented,

The reflecting pad comprises a hody 48 of cel-
lular material, such as sponge or multicellular
rubber, which is enclosed in a water-tight hous-
ing constituted by the bulkhead 48 and a metallic
cover 49 bolted thereto. Alternatively, the pad
may be enclosed in. a sealed housing secured to
the bulkhead. It is effective to reflect substan-
tially all supersoniz waves incident thereon and
thus effectively screens the translating device

. from signals emanating from sources rearwardly
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of the window 19, 20.

When the submarine signaling device is in use,
the housing 10, i1 is filled with sea water as by
way of the top of the upper dome. When the
device is operated as a detector compressional
waves incident upon the window (9, 20 are trans-
mitted to the crystals 32 without substantial at-
tenuation due to the high transparency of the
windows (8, 20 and 24 to such waves and the
transmission characteristics of the sea water fill-
ing of the housing 10, {{ and the fluid filling of
the housing 2. Because of the sharply directive
property of the signal translating device, the
direction of the source of the signals detected
may be located to a high degree of accuracy by
rotating the translating device until a maximum
response is obtained therefrom. Inasmuch as the
window {8, 28 is of large extent, for example
about 135 ‘degrees on either side of the longitudi-
nal axis of the housing 19, 1, the device can scan
over g large angle, e. g. about 270 degrees.

It is to be noted especially that signals are de-
tected with substantially negligible distortion.
The location of the signal translating device well
forward in the housing portion I places the de-
vice at a positive pressure area inasmuch as at
the region forward of and adjacent the device the
width of this housing portion is increasing. At
this region, water turbulence and cavitation are
small. Hence, noises due to turbulence and cavi-
tation are small and a high signal to noise ratio
is obtained. The window {8, 20 is of great
strength and rigidity and will not vibrate even
when the ship on which the signaling device is
mounted is traveling at high speeds and, as pre-
viously noted, is highly transparent to supersonic
signals so that signals are passed therethrough
without distortion. Compressional waves inci-
dent upon the window {8, 20 at such angle as
not to pass directly to the window 24 either pass
directly through the window 18, 26 and into the
sea or are substantially completely absorbed by
the attenuator pad 45, 87. Reflection effects in
the translating device itself are prevented by the
attenuator 48, 4! as pointed out heretofore. Ex-
traneous signals originating to the rear of the
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housing {0, {1, for example at the propeller of the
ship upon which the signaling device is mounted,
are substantially completely reflected by the re-
flector pad 48, #9. ‘ '
In some cases, particularly where moderate vi-
_ brations of the resonators 388 occur, the direc-
tional response pattern of the device may include
a 180 degree lobe of appreciable magnitude. Such
a lobe may be substantially suppressed by pro-
viding a reflecting member, for example & thin
. sheet of cellular material such as cork or & com-
- bination of cork and rubber, between the atten-
ustor 40 and the rear of the housing 21.

" It may be noted further that devices of the

construction shown and described are character-
ized by a high efficiency, and a wide band width,
of the order of 5 to 6 kilocycles, when operated as
echo ranging devices. ' That is, throughout this
band, substantially equal over-all response for
the system is realized throughout a range of fre-
quencles. A wider band, e. g. of the order of 20

10
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kilocycles may be obtained at some sacrifice in -

-efficiency.” The beam width, which may be meas-
ured as the-included angle between points on the
main lobe of the directional pattern 10 decibels

down from the maximum, varies with the fre-

quency for which the signal translating device is
especially designed and, in general, the higher
the frequency the narrower the beam width. In
particular constructions, beam width of 24 de-
grees for 4 mid-band frequency of 24 kilocycles,
20 degrees for a mid-band frequency of 30 kilo-
eycles, and 28 to 30 degrees for a mid-band fre-
quency of 20 kilocycles have been obtained. Thus,

a wide frequency range of uniform response with-
sharp directionality is realized in devices con-"

structed In accordance with features of this in-
vention. Similar uniformity of power propaga-
tion and directionality are obtained also if the
signaling device is utilized as a supersonic signal
projector.

. Reference is made to the application Serial No.
470,807, filed December 31, 1942, of Arthur C.
Keller and the application Serial No. 470,837, filed
December 31, 1942, of Warren P. Mason wherein
certain features of the.sonically transparent win-
dow of the housing, and the attenuator pads re-
spectively are claimed. ;

Although s specific embodiment of this inven-
tion has been shown and described, it will be
understood that it is but illustrative and that var-
fous modifications may be made therein without
departing from the scope and spirit of this inven-
tion as -defined in the appended claims.

“What is claimed is: =

1. A compressional wave signaling device com-
prising a housing including an elongated body
portion, said portion having a window transparent
to compressional waves and extending over the
front end thereof and rearwardly from said end,
a signal translating device mounted within said
portion adjacent said front end thereof, & com-
pressional .wave energy absorbing element
mounted within said portion adjacent the rear
extremities of said window, and compressional
wave reflecting means mounted within said por-
tion rearward of said absorbing element,

-9 A submarine signaling device comprising a
stream-lined housing, a transverse bulkhead

mounted within said housing to the rear of the 7

center thereof, said housing having a portion
transparent to compressional waves and extending

25

ovéer the front end of sald housing and rear-
wardly to adjacent said bulkhead, a signal trans-
lating device rotatably mounted within said hous-
ing adjacent the front end thereof and opposite
said portion, a compressional wave attenuatoy
pad mounted on the face of sald bulkhead toward
said translating device, and & compressional wave
reflecting element mounted on the opposite face
of said bulkhead. . . .

3. A submarine signaling device in accordance
with claim 2 wherein said signal translating device
comprises a housing having a wall portion trans-
parent to supersonic compressional waves, a su-
personic compressional wave translating unit
within said second housing and opposite said wall
portion, and compressional wave energy absorb- -
ing means within said second housing and to the
side of said unit remote from said wall portion.

4, A submarine signaling device in accordance
with claim 2 wherein said signal translating de-
vice comprises a housing having a wall portion
transparent to supersonic compressional waves,
a plate opposite said wall portion, a plurality of -
piezoelectric crystals mounted on the face of said
plate toward said wall portion, a compressional
wave attenuating pad opposite the other face of
said plate, and a fluid filling for said second hous-
ing having substantially the same transmission

- characteristics as sea water for supersonic sig-
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5. A submarine signaling device comprising a
streamlined housing including a body portion
having a window transparent to compressional
waves and extending over the front end of said
portion and rearwardly beyond the center there-
of, said window comprising a thin, rigid frame-
work of expanded metal and a thin steel sheet
covering said framework and intimately joined
thereto, & second housing rotatably mounted
within said first housing adjacent said front end
and opposite said window, said second housing
having a wall portion opposite said window and

. transparent to compressional waves, & signal

45

translating unit within said second housing and
opposite said wall portion, compressional wave

- energy absorbing means within said second hous-
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ing opposite the side of said unit remote from said
wall portion, a compressional wave energy atten-
uator pad extending transversely of said first
housing and mounted therein adjacent the ends
of said window, and a compressional wave reflec-
tor mounted within said‘first housing rearwardly
of said attenuator. : )
ARTHUR C. KELLER,

REFERENCES CITED

The following references are of record in the
file of this patent: .

¢ UNITED STATES PATENT:

Number Name ~ Date
2,166,162 KUnze e ceemmmmem e July 18, 1939
$248.870  Langevin ———————emv July 8, 1941
2,212,604 HugheS e Aug. 27, 1940
1,481,923 Nash comemeeeeeeem Jan. 29, 1924
2,009,451 KUNZE wovcem e July 30, 1935

FOREIGN PATENTS
Number Country_ Date
297,996 German .---—-----u- Aug. 27, 1918
620,48¢ German e-ccoeeeee-- Oct. 22, 1935



