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1. 
The present invention relates to improvements 

in apparatus for submarine signaling. More par 
ticularly the invention relates to apparatus for 
controlling the position of and for mounting a 
submarine signaling device such as a wave energy 
Sender or a receiver. 

For Some purposes it is desirable to mount 
submarine signaling apparatus, such as sending 
or receiving devices, on a ship so that they may 
be projected through a Suitable opening in the 
skin of the ship into the water beneath. This 
type of mounting is particularly advantageous 
for high frequency compressional Wave producing 
and receiving devices. Devices of this type are 
generally called "oscillators' and their radiating 
faces usually have dimensions large compared to 
the Wave length. So that they send or receive 
compressional Waves in a well-defined beam. 
Such arrangements are used for communication 
purposes between ships, for echo ranging and 
for other purposes. For this reason the Oscil 
lator is usually mounted on a rigid rotatable 
Support So that itS radiating face may be turned 
about a vertical axis to face in any desired direc 
tion. w 

It will be evident, however, that if the ship 
rolls, the axis of the wave beam which is being 
produced or along which reception takes place 
Will not remain horizontal or in its normal plane, 
but Will be tipped at an angle to the horizontal 
and raised or lowered from its normal position. 
Furthermore, the roll of the ship will not only 
throw the Sound beam up and down, but will 
also deflect the beam sideWise. Both communi 
cation and echo ranging are difficult under such 
Conditions. 

Furthermore, Water conditions are sometimes 
encountered where the temperature gradient is 
such as to cause a deflection of the compressional 
Wave energy from a straight line and to make it 
take an upwardly or downwardly curved path. 
With the usual type of mounting such as has 
been described above, the range through which 
Signaling may be successfully accomplished will 
be considerably reduced under such water con 
ditions, 
According to the present invention an im 

proved mounting for the oscillator is provided 
whereby it automatically keeps its radiating face 
in a vertical plane. A further feature of the 
present invention is the provision of means for 
positively controlling the position of the radiat 
ing face of the oscillator with respect to the 
vertical. - 
Other features of the invention will appear 

from the following description taken in connec 
tion with the drawings in which Fig. 1 shows an 
oscillator mounting in accordance with the pres 
ent invention; Fig. 2 is an enlarged sectional view 
of a portion of Fig. 1; Fig. 3 shows a modified 
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an integral part of the OScillator cover. 

2 
arrangement; Fig. 4 is an end View of the oscil 
lator shown in Fig. 3; Fig. 5 is a modification of 
a portion of the arrangement shown in Fig. 3; 
and Fig. 6 is a detail of the dial and pointer 
shown in Fig. 5. 

Fig. 1 shows an end View of the OScillator for 
sending and receiving compressional Wave energy. 
The radiating face 2 of the oscillator is circular 
in shape and its diameter is large compared to 
the wave length of the compressional Waves 
whereby the oscillator has a directional charac 
teristic. Compressional Wave energy is therefore 
sent and received chiefly in the direction indi 
cated by the arrow. The back plate of the Oscil 
lator is provided with a weight 3 which may be 

e 
Oscillator is nounted by means of pivots 4 in a 
watertight spherical casing composed of a rela 
tively heavy back half 5 and a thin front half 6 
facing the diaphragm. Integral With the back 
half 5 of the spherical shell is a flange by means 
of Which the OSCillator is mounted on the vessel 
or attached to a suitable hoisting and lowering 
and/or rotating gear. The interior of the spher 
ical casing is after assembly filled with sea water 
or other Suitable liquid through an opening closed 
by the plug 8. Thus compressional wave energy 
can pass freely from the radiating surface 2 
through the spherical shell 6 and into the outer 
water. Also the oscillator is protected from the 
force of the Water due to the motion of the vessel. 
The pivots 4 are preferably mounted in ball 

bearings so that friction is reduced to a minimum. 
An enlarged section along the line II-II of one 
of the pivots 4 is shown in Fig. 2. The pivot 
4 consists of a steel stud mounted in the body 
of the oscillator above its center of gravity and 
Supported in the stainless steel ball bearing 9 
which is driven through a hole in the shell 5 
and rests against the shoulder as shown in Fig. 
2. In assembly the ball bearing is fitted into the 
hole in the shell 5 and after the oscillator has 
been fitted into the shell 5, the pin 4 is driven 
through the ball bearing into the Oscillator. The 
hole is then closed by the plug . 

It will now be noted that the Oscillator as 
suspended in the pivots forms a compound 
pendulum and its radiating face 2 Will conse 
quently be kept in a vertical plane by the action 
of gravity. The compound pendulum has a nun 
ber of advantages over a simple pendulum. The 
Weight which keeps the oscillator Vertical is con 
centrated on the OScillator itself and consequent 
ly the spherical casing surrounding the oscillator 
need be made no larger than it Would be if the 
pendulum arrangement Were not used. Keeping 
the size of the casing Small is important when 
the OScillator housing is exterior to the Ship, Since 
the water resistance against it, when the ship 
moves through the water, must be kept at a 
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minimuin. Furthermore, it is also important to 
keep the OScillator housing small in cases where 
it is to be drawn up inside the vessel when not 
being used for Signaling. A mounting arrange 
ment for this purpose as well as for rotating the ; 
oscillator diaphragm to face in different horizon 
tal directions is known to those skilled in the art 
and is schematically indicated in Fig. 3. 
An additional feature of the compound pendu 

lum is that it is very much less affected by the 
lateral motion of the ship when it rolls. There 
are two motions to be considered which affect a 

() 

pendulum when mounted on a ship. One is 
the roll of the ship and the other is the lateral 
notion of the ship, which increases. With the 
distance from the point about which the ship 
rolls. 
Since the greater part of the Weight of the 

oscillator in the compound pendulum mounting 
in accordance With the present invention is bal 
anced on the axis, it is not affected at all by a 
lateral motion of the ship. The weight which 
keeps the oscillator vertical and lowers the Center 
of gravity below the axis is small in propor 
tion to the total weight of the oscillator and the 
kinetic energy stored up in it by the lateral no 
tion of the ship has to overcome the inertia of 
the heavy oscillator before it will turn it. The 
compound pendulum mounting, as shown, Will 
therefore remain substantially vertical regardless 
of the motion of the ship. 

It will, of course, be understood that the Weight 
of the mass 3 must be properly proportioned 
with respect to the weight of the rest of the 
oscillator and also with respect to the distance 
of the pivots 4 above the center of gravity of 
the combined oscillator and mass so that the 
period of Swing of the compound pendulum is 
sufficiently less than the period of roll of the 
ship to insure that the oscillator remains sta 

In considering the tionary when the ship rolls. 
weight of the oscillator the effect of the liquid 
within the spherical casing must also be taken 
into account. 
The turning cf the oscillator with respect to 

its spinerical housing is limited by the stops f' 
and 2, shown in Fig. 1, so that the oscillator 
is prevented fron accidentally making a com 
plete revolution which would injure the electric 
conductors 3. 

shell is made as small as possible so that the 
liquid within the shell will turn with the oscil 
lator. By this means the damping effect of the 
liquid upon the pendulum is considerably reduced. 5; 
The Spherical shell which houses the oscil 

lator provides a stream-lined exterior for the os 
cillator regardless of the direction in which it 
may be facing, thereby reducing its resistance 
of the ship's motion through the Water. More 
important still is the spherical housing in con 
nection with the pendulum suspension of the 
oscillator just described, for by this means the 
oscillator is in a dead water space so that the 
ship's motion will not cause deflection of the 
oscillator. So also, in the modifications men 
tioned below, the force required to turn the OScil 
lator on its pivotS is reduced. 
As mentioned above, it may be desirable at 

times to alter the position of the radiating Sur 
face of the oscillator and to hold it in Some 
plane other than the vertical. It may also under 
some conditions be desirable to have a more posi 
tive control over the position of the oscillator 
than that which is given by the pendulum ar 

The space between the periphery 
of the oscillator and the interior of the spherical 
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handwheel 32. 

4 
rangement just described. For this purpose the 
position of the oscillator may be controlled by 
a gyroscope instead of the pendulum arrange 
ment. Such a modification of my invention is 
shown in Fig. 3. 
In this Figure 3 the Oscillator f in its spherical 

casing 5 is shown mounted by means of its flange 
upon a tubular shaft 5 which projects through 

a cylindrical well 6 at the bottom of the ship. 
The shaft 5 passes through a watertight bear 
ing 7 and is usually arranged so that it may be 
rotated and/or raised and lowered. Suitable ar 
rangements for raising and lowering and for ro 
tating the shaft 5 are known in the art and are, 
therefore, not shown in the drawings. A gear 22 
to which suitable rotating apparatus may be con 
nected is, however, shown mounted at the upper 
end of the Shaft 5. 
At the top of the oscillator f 'an -arcuate gear 

f8 is mounted which meshes with a pinion gear 
9 fixed to the end of a shaft 20 which passes 
through the inside of the hollow shaft f 5 to the 
notor 2. A front view of the gear 8 is shown 
in Fig. 4. The motor 2 is preferably a self 
Synchronous motor driven by a self-synchronous 
generator 23 which, in turn, is operated by the 
Sector gear 23 fastened to the shaft 25 of a gyro 
Scope 26. The gyroscope is hung in a frame 27 
mounted in any convenient place on the ship. 
Since the angle by which "the-axis of the sound 

energy beam is tipped when the ship rolls is “de 
pendent upon the direction in which the dia 
phragm is facing with respect to the axis of roll, 
it is necessary that the frame 27 be automatically 
kept at all times in a position corresponding to 
the direction in which the radiating surface of 
the oscillator faces. 
This is accomplished by means of a self-Syn 

chronous generator 28 driven by the gear 22 which 
controls the rotation of the oscillator in the hori 
ZOntal plane. The generator 28 drives the self 
Synchronous motor 29 which through gears 30 
and 3 rotates the frame 27. Thus the gyroscope, 
maintaining a definite position with respect to the 
vertical, will keep the radiating surface of the 
oscillator in a corresponding position regardless 
of the roll of the Wessel or the direction in which 
the oscillator may have been turned in the hori 
Zontal plane. It Will be understood that the 
gyroscope can be adjusted to keep the radiating 
surface of the osciliator always in the vertical 
plane or in any desired plane inclined to the 
Vertical. 

In order to avoid the expense of a gyroscope a 
simplified modification of this arrangement may 
be used as shown in Fig. 5. Only the control ar 
rangements are shown in this figure and it will 
be understood that the OScillator mounting is 
otherwise the same as shown in FigS. 3 and 4. 
According to this figure the self-Synchronous gen 
erator 23 is manually operated by means of the 

To the shaft of the wheel 32 a. 
pointer 33 is fixed whose position corresponds to 
the plane of the radiating surface of the oscillator 
and indicates the position of the OScillator dia 
Iphragm with respect to the vertical. 
A scale 34, a front view of which is shown in 

Fig. 6, is mounted on a shaft 35 free to turn in 
bearing 36. At the end of the shaft 35 a weight 
37 is fixed. This Weight acts as a pendulum and 
serves to keep the Zero mark on the scale in a 
vertical plane when the ship rolls. Consequently 
if an operator by turning the handwheel32 keeps 
the pointer 33 exactly opposite the Zero mark on 
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the scale, the radiating surface of the Oscillator 
will remain in a vertical plane. 

It will be noted that if the oscillator is being 
rotated in a horizontal plane, the framework 38 
Supporting the motor 23 and the shafts 35 and 
35d, must likewise be rotated. This can be a C 
complished by the motor 29 in a similar manner 
as shown in Fig. 3 with respect to the frame 2. 
In this case it will be necessary for the Operator 
who is controlling the handwheel 32 to follow the 
apparatus around Or alternatively he may be pro 
Wided With a platform which moves With the Sup 
porting framework 38. 

t will be observed that with the modifications 
of my invention described with reference to Fig 
ures 3 to 6 inclusive, the Oscillator can be mounted 
with its diaphragm somewhat tilted from the 
vertical plane. For example, if the temperature 
gradient is such as to cause a deflection of the 
compressional wave energy in an upwardly curved 
path, the signaling range can be increased by 
tilting the oscillator downward, and vice Versa, 
and the oscillator can readily be maintained in 
Such a position regardless of the rolling of the 
ship. However, even with the arrangement 
shown in Fig. 1 where the Oscillator is automati 
cally maintained with its radiating face vertical, 
an improvement is noted when the ship rolls since 
by means of the present invention a signaling 
range Will remain constant and will not vary with 
each roll of the ship. 
Having now described my invention, I claim: 
1. In a submarine signaling system, a Subma 

rine oscillator adapted to send and receive com 
pressional waves in a direction substantially per 
pendicular to its radiating surface, means for 
mounting the oscillator on the vessel in a signal 
ing position including a pivotal suspension along 
an axis perpendicular to said signaling direction 
and normally horizontal, the weight of the oscil 
lator being distributed so as to bring its Center 
of gravity sufficiently below said axis of SuSpen 
sion to form a compound pendulum, and means 
for immersing the entire oscillator in a liquid 
medium. 

2. A submarine signaling System including a 
Submarine Oscillator having a Substantially cir 
cular cross section, means for mounting the oscil 
lator on a vessel including a housing having a 
substantially spherical interior cavity, means for : 
mounting the oscillator within said housing piV 
otally on a diameter of said circular cross Section 
and means cooperating with said oscillator and 
adapted to rotate it about said diameter to main 
tain the same in a predetermined signaling posi- 5 
tion independent of rolling of the Wessel and a 
liquid filling the residual space in said housing. 

3. In a submarine signaling System, a Subma 
rine Oscillator having a thin cylindrical shape, 
watertight spherical housing therefor having a 
diameter only slightly larger than that of the 
oscillator, pivot means for mounting the oscil 
lator along a normally horizontal diameter con 
centrically within said housing, the weight of said 
oscillator being so distributed as to bring its cen 
ter of gravity below said mounting axis and a 
liquid filling the residual space in said housing. 

4. In a submarine signaling system, a Subma 
rine oscillator having a radiating surface, means 
for mounting said oscillator on a vessel in Opera 
tive relation to the outer water, including a hol 
low shaft extending through the ship's skin into 
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6 
the interior of the Wessel, means for rotating said 
shaft and thereby said oscillator about a normally 
vertical axis, and means for rotating the Oscillator 
about a normally horizontal axis including a shaft 
extending through said hollow shaft. 

5. In a submarine signaling system, a subma 
rine Oscillator adapted to send and receive Com 
pressional Waves along substantially a single di 
rectional axis, a stream-lined housing therefor, 
means for mounting said oscillator within said 
housing with the oscillator's directional axis Sub 
stantially horizontal, means for mounting the 
housing on a vessel in contact with the Outer 
water, means for rotating said housing and there 
by said oscillator and its directional axis about a 
vertical axis and means for rotating said oscil 
lator Within Said housing about a horizontal axis 
to a degree sufficient to compensate for the varia 
ion of position of the oscillator produced by roll 
ing of the Wessel. 

6. A submarine signaling system including a 
submarine Oscillator having a substantially cir 
cular cross section, means for mounting the oscil 
lator on a vessel including a housing having a 
substantially spherical interior cavity, means for 
nounting the oscillator within said cavity pivot 
ally on a diameter of said circular cross Section, 
said oscillator being constructed to have a center 
of gravity substantially below said diameter and 
a liquid filling the residual Space in said housing. 

7. In a submarine signaling system, a subma 
rine oscillator having a radiating surface, means 
for mounting said oscillator on a Wessel in opera 
tive relation to the outer water, including a hol 
low shaft extending through the ship's Skin into 
the interior of the vessel, a Spherical housing 
fixed to the end of said hollow shaft, means for 
pivotally mounting the oscillator within said 
housing on a normally horizontal axis, means for 
rotating said shaft and thereby said Oscillator 
about a normally vertical axis, and means for ro 
tating the oscillator about a normally horizontal 
axis including a shaft extending through said 
hollow shaft, a pinion gear fixed to the end of 
said shaft within said housing and an arcuate 
gear fixed to said oscillator and adapted to co 
operate with said pinion. 

8. In combination, a submarine signaling oscil 
lator, a casing, means pivotally journaling Said 
oscillator in said casing, independent means for 
rotating said casing and rotating said oscillator 
about its pivot, means externally positioned of 
said casing and similarly constructed as said OS 
cillator and mounting, and a plurality of self 
synchronous motor controls operatively connected 
between said externally positioned means and 
said casing and oscillator for maintaining the 
same relative position of said externally posi 
tioned means and said OScillator and casing. 

9. In combination, a submarine signaling oscil 
lator, means mounting said oscillator to permit 
its inclination from a vertical position, a casing 
in which said oscillator is mounted, means for 
rotating said casing about a vertical axis, means 
externally positioned of the casing and mechani 
cally simulating said oscillator and casing, and 
means interconnecting said externally positioned 
means with said oscillator and casing whereby 
the positions of said external means and said 
oscillator and casing are maintained relatively 
the same. 

ROBERT LONGFELLOW WILLIAMS, 


