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UNITED STATES PATENT OFFICE 
2,560,066 

HYDROPHONE MOUNTING 

Laurence Batchelder, Cambridge, Mass, assignor 
to Raytheon Manufacturing Company, a cor 
poration of Delaware 

Application November 27, 1948, Serial No. 62,327 
(C. 177-386) 6 Claims. 

This invention relates to hydrophone mount 
.ings and more particularly to means for mount 
ing a hydrophone in the skin of a ship or the like 
which simultaneously supports the hydrophone 
and isolates it from hull vibrations. 

It is an object of the invention to provide a 
mounting means for a hydrophone which attenu 
ates hull vibrations to which the hydrophone 
would otherwise normally be sensitive. 

It is another object to devise such a mounting 
which is universally adaptable for inboard or 
Outboard installation. 

O 

It is a further object to devise such a mount 
ing which will hold the hydrophone in the desired 
position for normal operation, and which has 
means constantly ready to prevent the hydro 
phone from being torn away in the presence of 
abnormal shock. 

It is a further object to devise such a mounting 
which provides a Smooth unbroken surface to the 

- Surrounding water and Sacrifices none of the ad 
vantages heretofore available. 
Other and further objects of the invention will 

become apparent from the description of certain 
embodiments thereof which follows, reference 
being made to the accompanying drawing, 
wherein: - 

Fig. 1 is a side elevation partly in section of a 
hydrophone mounting in accordance with the 
invention; 

Fig. 2 is a bottom view of Fig. 1; 
Fig. 3 is a side elevation partly in section of an 

other embodiment of the invention; 
Fig. 4 is a modification of Fig. 1; 
Fig. 5 is a modification of Fig. 3; and 
Fig. 6 is a vertical section showing a typical 

hydrophone of the general type with which the 
invention is concerned. 

Referring now to Figs. 1 and 2, a hydrophone 
of generally cylindrical shape has a diaphragm 

if at one end thereof. The diaphragm is sensi 
tive to pressure waves, as is well known to those 
skilled in the art. The hydrophone is further 
provided around its sides at a distance from the 
diaphragm end with a raised circumferential 
projection 12 which is used as a keeper to prevent 
the hydrophone from being torn away in the 
presence of a wave of abnormally large ampli 
tude. The diameter of the hydrophone is re 
duced at 13 in the region between the keeper 2 
and the diaphragm . A rubber annulus 4 is 
fitted over and bonded to this portion 3 of the 
side wall of the hydrophone. This annulus is 
flush at one side 15 with the face of the dia 
phragm , and the other side 6 does not reach 
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as far as the keeper 2, but rather there is a 
space between the keeper and the rubber an 
nulus. A metallic annulus 8 surrounds and is 
tightly bonded to the rubber annulus 4. The 
metallic annulus is of similar axial width to the 
rubber annulus and is provided with a radially 
outwardly projecting flange 9 at the side there 
of nearer to the keeper 2. This flange is used 
for mounting the hydrophone in an Opening in 
the skin of a ship or other suitable wall, as will 
now be described. 
The wall 2 wherein the hydrophone is mount 

ed, which may, for example, be the skin of a ship, 
is provided with a ring 22 of substantially greater 
mass than the wall material and preferably Weld 
ed thereto as at 23, 24. The mass ring 22 serves 
to a certain degree to prevent vibrations present 
in the wall 2 from reaching the hydrophonet O. 
It has been found, however, that this ring does 
not function perfectly, and that Some vibrations 
which are present in the wall 2 continue to reach 
the hydrophone. The flange 9 is clamped 
against a first shoulder 27 on the mass ring 22 
by means of a clamping ring 25 which is thread 
edly fitted into the mass ring. The clamping 
ring 25 fits loosely about the metallic annulus 8, 
and a gasket 26 is provided at the side of the 
flange 9 nearer the mass ring 22. The mass ring 
22 is provided with the first shoulder 27 by re 
ducing the inner diameter thereof by a suitable 
amount at a distance in from the Outer Surface 
of the wall 2i. This reduction in inner diameter 
is such that the keeper 2 of the hydrophone fo 
fits loosely in the portion of reduced diameter 
when the flange 9 rests against the first shoul 
der 27. The mass ring 22 is provided with a sec 
ond shoulder 28 formed by further reducing the 
inner diameter thereof at the inner side above 
the keeper f2. The shoulder 28 and the flange 9 
now provide a recess 29 wherein the keeper 2 

The keeper 2 is not in contact 
with any part of this recess so long as the rubber 
annulus 4 is not seriously deformed, as it might 
be by a wave of abnormally great amplitude. 
Should the rubber annulus 4 be so deformed, 
the keeper 12 would come in contact with either 
the second shoulder 28 or the flange 9, and the 
hydrophone could not be torn away. The hydro 
phone iO is, however, normally supported only by 
the rubber annulus 4. 
As has been already set forth, the hydrophone 

is sensitive to pressure wave vibrations arriving 
at the diaphragm f. Vibrations in the hull, or 
wall 2, and the mass ring 22 in the direction of 
a line normal to the diaphragm normally tend 
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to move the body of the hydrophone, and with 
it the face of the diaphragm, toward and away 
from the water, thereby creating pressure waves 
On the diaphragm. The hydrophone is highly 
Sensitive to such waves. However, these vibra 
tions are transmitted to the hydrophone to as 
shear waves in the rubber of the annulus f4. It 
is well known that rubber offers a high degree 
of attenuation to shear waves. Vibrations in the 
hull, or wall 2, in directions parallel to the 
surface of the diaphragm , may be transmitted 
by the rubber annulus 4 as compressional waves, 
the rubber being compressed thereby, but the 
diaphragm is moved parallel to its surface by 
Such Waves, and not toward and away fron the 
Water, so that the hydrophone 0 is comparatively 
insensitive to such vibrations. From another 
point of View, it may be said that the rubber ring 
4 prevents hull vibrations from moving the hy 

drophone in such a fashion as to cause it to be 
actuated as a Velocity device. The vibrations in 
the wall 2 which would normally tend to move . 
the body of the hydrophone toward and away 
from the Water cause velocity actuation of the 
hydrophone, whereas normally the body of the 
hydrophone is still and actuation is effected by 
causing pressure changes on the diaphragm. The 
present invention thus eliminates the very source 
Of spurious signals. 

It will be noted that the diaphragm is main 
tained in direct contact with the water or other 
medium outside the wall 2. In fact, the face of 
the diaphragm i? is in register or flush with the 
outer surface of the hull, or wall 21, so that this 
surface is not broken and does not interfere with 
the flow of water by it. m 
The arrangement shown in Fig. 1 is designed 

for mounting the hydrophone from outside the 
wall 2. In the case of a ship or the like, this 
would require that the ship be dry-docked. The 
arrangernent shown in Fig. 3 is designed for in 
board mounting. With this arrangement, the 
hydrophone could, under the proper circum 
stances, be installed without resorting to dry 
docking. In the arrangement of Fig. 3, the hull 
ring 32 is provided with one shoulder 33 at the 
outer side thereof and is internally threaded at 
the inner side 34 thereof. The normal inside di 
ameter of this hull ring is of Sufficient size to 
accept the flange 9 of the hydrophone mounting 
freely with the flange resting upon the shoulder 
33. A gasket 35 is provided between the flange 
and the shoulder. A clamping ring 36, threaded 
at the upper end 3 of its outer periphery, fits 
into the hull ring 32 and is threadedly engaged 
therewith to hold the flange 9 against the 
shoulder 33. This clamping ring has a portion 
of large inside diameter at the lower end 38 there 
of, which portion fits loosely around the keeper 
2, and the remainder is of Smaller diameter, 
providing a shoulder 39 over but not touching 
the keeper. The shoulder 39 and flange 9 co 
operate to provide again the recess 29 wherein 
the keeper 2 rests. - r 

In Figs. 1 and 3 the clamping rings 25 and 36, 
respectively, are threadedly engaged with the 
hull rings 22 and 32, respectively, being put in 
place by means of a Spanner Wrench Or the like 
which engages suitably placed holes 4 in the 
clamping rings. In Figs. 4 and 5 the clamping 
rings 25 and 36 are replaced by clamping rings 
42 and 43, respectively, of a different form, which 
are attached to the hull or mass rings 44 and 45, 
respectively, by means of screws 46 or bolts 4, 
as may be Suitable. 
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Referring particularly to Fig. 4, the mass ring. 

ring 44 differs from the mass ring 22 of Fig. 1 only 
in that the inner diameter thereof is increased at 
the front or outside surface to provide an addia 
tional shoulder 48 against which the clamping 
ring 42 rests, and into which the clamping screws 
46 are driven. 

Referring now particularly to Fig. 5, the mass 
ring 45 differs from the mass ring 82 of Fig. 3 
in that it is shorter, while the clamping ring 
is provided with a portion 49 of expanded diame 
ter at the top thereof. This portion 4 of ex 
panded diameter overhangs the top surface 5 
of the mass ring 45, and the bolts are driven 
into the mass ring through this top surface. In 
all other respects, the arrangements shown in 
Figs. 4 and 5 are similar to the arrangements 
shown in Figs. and 3, respectively. 
The transducer to may have the internal struc 

ture shown in Fig. 6. The casing is made of 
a generally cylindrical portion 53 whereon the 
keeper 2 is found, a top closure 54 which is 
attached to the cylindrical portion 53 by bolts 
55, for example, and a bottom closure 56 which 
is threadedly engaged on the cylindrical portion 
53, and includes the diaphragm . The cylin 
drical portion 53 is internally threaded at a por 
tion 5 intermediate the ends thereof, and a 
pressure ring 58 is engaged in the threads. The 
pressure ring has a circular boss or raised por 
tion 59 on the lower surface thereof for a purpose 
which will presently be explained. The dia 
phragm f is formed as an integral part of the 
lower closure 56 by removing an annular portion 
of the inner side of the closure at or very close 
to the side Wall to provide a thin rim B. The 
diaphragm vibrates somewhat as a piston sup 
ported by this thin rin. Crystals 62 and 63 are 
clamped between the diaphragm and a clamp 
ing plate 64. The boss 59 is in contact with the 
upper surface of the clamping plate 64, and the 
clamping pressure is determined by the clamp- . . 
ing ring 58, which may be turned by a spanner 
Wrench or the like, engaging holes 65 therein. 
The crystals 62 and 63 are each provided with 

two electrodes 66 and 67, one on each side there 
of, through which electrical signals correspond 
ing to the pressure waves incident upon the 
diaphragm i? are taken. The top closure 54 is 
provided with a passage 68 through which an 
electrical cable 69 passes. This cable has two 
conductors T and T2. The clamping ring 58 
and clamping plate 64 are provided with pas 
sages 73 and 74 through which the conductors 
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and 72 pass. The crystals 62 and 63 are shown 
connected in parallel to these conductors, but 
it will be appreciated by those skilled in the art 
that the connection may be in series if desired. 
The details of the hydrophone shown in Fig. 6 

are shown merely to illustrate the type of hydro 
phone with which the invention is concerned, 
namely, a hydrophone which is sensitive to pres 
sure waves arriving at the diaphragm . It 
should be definitely understood that other char 
acteristics may be varied in any manner desired. 
For example, more crystals may be used, other 
types of electromechanical converting devices 
may be used, and various mechanical arrange 
ments of the parts too numerous to discuss here 
may also be used. Many other modifications and 
variations of the invention will occur to those 
skilled in the art, and it is accordingly intended 
that the claims that follow should not be limited 
by the details of the embodiments of the inven 
tion disclosed herein, but only by the prior art. 
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What is claimed is: 
1. In combination, a hydrophone having a 

pressure Wave Sensitive diaphragm at the front 
and a Substantially rigid cylinder supporting 
said diaphragm across an end thereof, a resilient 
perimetric cylindrical element fastened at its in 
ner cylindrical Surface to the outer side surface 
of Said cylinder, and a substantially rigid peri 
metric cylindrical element secured about and 
bonded to said resilient element, said cylinder be 
ing otherwise telescopically fitted loosely within 
Said rigid element, said resilient element being 
of a material which strongly attenuates shear 
Waves, the dimensions of said cylinder, said re 
silient element and said rigid element being 
chosen so that said resilient element is not any 
where compressed between the outer surface of 
Said cylinder and the inner surface of said rigid 
element, the only normal support for said hydro 
phone in said rigid element being afforded by 
bonding of said resilient element to each of said 
Outer Surface of Said cylinder and said inner 
Surface of Said rigid element, and said resilient 
element having no support members projecting 
thereinto. 

2. In Combination, a hydrophone having a 
preSSure Wave Sensitive diaphragm at the front 
and a substantially rigid cylinder supporting said 
diaphragm across an end thereof, a rubber peri 
metric cylindrical element bonded at its inner 
cylindrical surface to the outer side surface of 
Said cylinder, and a substantially rigid perimet 
ric cylindrical element surrounding said rubber 
element and bonded thereto, and spaced from 
said hydrophone by said rubber element, said 
cylinder being otherwise telescopically fitted 
loosely within said rigid element, the dimension 
of said cylinder, said rubber element and said 
rigid element being chosen so that said resilient 
element is not anywhere compressed between the 
Outer Surface of said rigid element, the only nor 
mal Support for said hydrophone in said rigid 
element being afforded by the bonding of said 
rubber element to each of Said outer surface of 
Said surface and said inner Surface of said rigid 
element, and said resilient element having no 
support members projecting thereinto. 

3. In combination, a wall having a cylindrical 
opening therein, a hydrophone having substan 
tially rigid side walls and a pressure wave sensi 
tive diaphragm disposed in Said opening with 
said diaphragm flush in the Surface of said wall, 
Said side walls being cylindrica, of lesser diame 
ter than said opening, and telescopically fitted 
therein, and a resilient hollow cylindrical mem 
ber bonded only at its inner and outer cylindri 
cal surfaces to the inner cylindrical Surface of 
the opening in Said Wall and said side walls of 
said hydrophone, respectively, filling the space 
between Said hydrophone and Said wall, Said re 
silient member being of a material which strong 
ly attenuates shear waves, the dimensions of said 
opening, said resilient member and the cylinder 
providing said side walls being chosen. So that 
the resilient member is not anywhere compressed 
between said side walls and the material of said 
wall defining said opening, the only normal Sup 
port for said hydrophone in said wall being af 
forded by said bonding, and said resilient mem 
ber having no rigid support members project 
ing thereinto. 

4. In combination, a hydrophone having a 
pressure Wave Sensitive diaphragm at the front 
and a Substantially rigid cylinder supporting said 
diaphragm across an end thereof, a resilient 
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perimetric cylindrical element fastened at its 
inner cylindrical surface to the outer side sur 
face of Said cylinder, a substantially rigid peri 
metric cylindrical element secured about and 
bonded to said resilient element, said cylinder 
being otherwise telescopically fitted loosely with 
in said rigid element, said resilient element being 
of a material which strongly attenuates shear 
Waves, the dimensions of said cylinder, said re 
silient element and said rigid element being 
chosen so that said resilient element is not any 
where compressed between the outer surface of 
Said cylinder and the inner surface of said rigid 
element, the only normal support for said hydro 
phone in said rigid element being afforded by 
bonding of said resilient element to each of said 
outer surface of said cylinder and said inner 
Surface of Said rigid element, and said resilient 
element having no support members projecting 
thereinto, and a radially outwardly extending 
flange on said rigid element whereby said hydro 
phone may be secured to the skin of a ship. 

5. in combination, a hydrophone having a 
preSSEre Wave Sensitive diaphragm at the front 
and a Substantially rigid cylinder supporting said 
diaphragm across an end thereof, a resilient peri 
metric cylindrical element fastened at its inner 
cylindrical surface to the outer side surface of 
said cylinder, a substantially rigid perimetric 
cylindrical element Secured about and bonded to 
Said resilient element, said cylinder being other 
wise telescopically fitted loosely within said rigid 
element, said resilient element being of a ma 
terial which strongly attenuates shear waves, 
the dimensions of said cylinder, said resilient 
element and said rigid element being chosen so 
that Said resilient element is not anywhere com 
pressed between the outer surface of said cylin 
der and the inner surface of said rigid element, 
the only normal support for said hydrophone in 
said rigid element being afforded by bonding of 
said resilient element to each of said outer sur 
face of said cylinder and said inner surface of 
said rigid element, and said resilient element 
having no support members projecting thereinto, 
a radially outwardly extending fange on said 
rigid element, a radially outwardly extending 
keeper flange on said supporting cylinder in a 
region removed from the resilient element, a 
Wall having an opening in which Said rigid ele 
ment is mounted by Said radially outwardly ex 
tending flange, said wall bearing an element 
having a groove wherein said keeper flange re 
poses Out of contact with Said grooved element. 

6. In combination, a wall having a cylindrical 
Opening therein, a hydrophone having substan 
tially rigid side walls and a pressure wave sensi 
tive diaphragm disposed in said opening with said 
diaphragm flush in the surface of said wall, said 
side walls being cylindrical, of lesser diameter 
than said opening, and telescopically fitted there 
in, and a resilient hollow cylindrical member 
bonded only at its inner and outer cylindrical Sur 
faces to the inner cylindrical surface of the open 
ing in said wall and said side walls only of said 
hydrophone, respectively, filling the space be 
tween said hydrophone and said wall, the hydro 
phone being normally free from engagement with 
any other support structure and the resilient 
member therefore constituting normally the sole 
Support for Said hydrophone, said resilient mem 
ber being of a material which strongly attenuates 
shear waves, a radially outwardly extending 
keeper flange mounted on said cylindrical side 
Walls at a region removed from the resilient 
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member, and means rigidly mounted on said wall REFERENCEs CITED 
providing with said wall a recess wherein said The foll f efits, said being larger than said fe fo erences are of record in the 
flange and having its wall surface normally free 
from contact therewith, the material of said is UNITED STATES PAT NTS 
means being positioned to restrain said hydro- Number Name Date 
phone from complete removal from said wall in 908,877 Mundy -------------- Jan. 5, 1909 
the event said resilient member is stressed by a 1,121,986 Davison ---------- Oec. 22, 1914 
wave which otherwise might tear away said re- 1401,024 Wood et al. -------- Dec. 20, 1921 
silient member, and thereby to prevent exces- 0 1,582,105 Walker ------------ Apr. 27, 1928 
sive stress on said resilient member. 1,658,327 Dodge ------------- - Feb. 7, 1923 

1906,446 Clement ----------- May 2, 1933 
LAURENCE BATCHELDER. 2,407,588 Thiry ------------- Sept. 10, 1940 

2,424,030 Hayes -------------- July 15, 1947 
  


