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This: invention :relates to- means for operating
a..device which- must be extended into or re-
tracted from: a: fluid medium. - Such devices have
been..commonly used in underwater sound com-
munication; where a sound projector is extended
into:the water from a vessel. The vessel may be
assubmarine, or a surface vessel, or the projector
may’be on.some overboard apparatus into which
it:is-retracted when not in use.

Suich: sound: projectors are usually: large and
Heavy. They must often be extended a number
of.feet into the. water, and: the extension and
retraction:must: also be: done rapidly and in such
a manner that no mechanism is injured or dam-
aged:  The mechanism, when retracted within
the wvessel, usually. is' seated in' a . so-called sea
chest through which o shaft extends into the
vessel. * A watertight packing surrounds the shaft
and:when the projector is:retracted, or extended
to its furthest position, a flange surrounding the
shaft comes to rest on a limit collar for the pur-
pose- of properly supporting the shaft and thus
aiding in providing a watertight-seal:

While it is .desirable to extend and retract the
apparatus quickly, it is also:-desirable to seat the

apparatus in its extreme positions carefully and

slowly. In the prior art this: has usually been
done by shutting off the power through the driv-
ing-motor a little before the projector reaches its
final position. and permitting the shaft to coast
until the final.position has been reached. Since
it-isdifficult to cut the power as accurately as
desired, sometimes-the:motor: drives the projector
hard against its:seat and: provides a substantial
and perhaps damaging impact between a limiting
collar and: the flange. If, on the other hand,
the-motor is turned: off: too: early the gear may
not -seat-sufficiently tightly for best storage or
efficient use.

In accordance with the -present invention,
means: are employed: to:reduce the speed of the
metor when: it is desired. to.seat the apparatus
jnr:its limiting positions. This, in the present
invention; may be:accomplished in. a- particular
manner. without the-use of control rheostats by
operating the motor through: a gaseous conduc-
tion. tube in which:the firing portion .of the elec-
trical. power cycle may be controlled or selected.

The, speed of-the motor may be reduced near the-
limits of travel of the projector and shaft by

causing current to flow through the gaseous con-
duetion tube-during: a:comparatively shorter por-

tion: of the:electrical power cycle:so that not only
will the motor creep-along. at slow speeds but the.
average power will he less, although. the ability-
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to-seat the sound: projection gear in a limit posi-
tien will be- just.as.effective.

Purther advantages and features of the inven-
tion . will be -apparent from the description of
an:.embodiment. thereof that follows, reference
being.had to the accompanying drawing, wherein

Fig.. 1. illustrates in electrical and mechanical
scheme a system in.accordance with the inven-
tion; and

Fig.. 2 is.an. enlarged. view of the sea chest
and sound:projector of Fig..1, the sea.chest being
shown in section,

In the drawing, an underwater sound.projector=
receiver. P is' shown being lowered from a sea
chest-C into the water (not shown) beneath the
hull ;¥ - of  the: vessel in: which the apparatus is
installed. 'The projector P is mounted on a shaft
S-which projects through the top of the sea chest
C byway.of a- watertight seal (Fig. 2) comprising
packing material W disposed between the shaft
and two: pressure collars' K, K which surround
the-shaft: and.-are pressed together by bolts B.
One- of the:collars- K has a flange K’ by which
the collar is fastened to:the top of the sea chest
C, as by bolts:X. A gasket Y is placed between
the flange. X' and the top:of the sea chest to
provide-a watertight joint.  Pressure on the col-
lars K, K. effects -a watertight seal between the
sea-chest € -and.the shaft S. The shaft S must
be--able readily- to: move through the packing
material W to hoist and lower the projector P,
and-to- that end. -is ordinarily lubricated with
a.proper grease- (not shown). It will be appreci-
ated that while the packing material W should
be:compressed- sufficiently to keep water out of
the vessel, .the compression should not be so great
as:to prevent the shaft S.from:sliding or turning
therein, -

Two. inwardly: bevelled. limit collars V, V are
provided. inside -the sea.chest C, one at the. top
and.one at the bottom, surrounding the shaft S.
A: dise~like. flange J, bevelled: at-both peripheral
edges, fits.simply inside the sea chest C between
the: two-collars V, V, and is rotatably mounted
on.the.shaft S, being retained against longitudinal
displacement by.a .pair of stops:L, L. The flange
J.is firmly seated.in.one .or the other of the limit
collars.V, V. when :the projector P is in the fully
hoisted.or-fully lowered posititon.

A. direct-current. fype, reversible motor M,
(Fig. 1) having an.armature A and field- coil B,
which may in.a usual: manner be separately ex-
cited, drives:.the .shaft. S. to hoist. or lower the.
projector P by way of.a.rack and pinion gear.
arrangement. having. a. gear wheel @ in mesh.
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with rack teeth T on the shaft S. If it is desired,
reduction gears G may be interposed between the
motor M and gear wheel Q. Two projecting dogs
D—{ and D—2 are mounted on the shaft S in
spaced apart relation for the purpose of operating
hoist and lower limit control switches E—i{ and
E—2 respectively, as will be explained below.

Power is furnished to the motor M through a
pair of power input terminals {1 and 12, to which
is eonnected the primary winding {3 of a power
transformer 4. The secondary winding (5 of
this transformer is connected to the armature A
of the motor M in series with a multi-pole double-
throw switech {6 and a gaseous electron discharge
rectifier tube 11. The switch {8 has three switch
blades 21, 22, and 23, which are ganged together
and operated simultaneously by a relay coil 24.
When the coil 24 is deenergized, the switch blades
are closed on their lower contacts 25, 26, and 27
respectively, as shown in the drawing, and when
the coil 24 is energized, the blades move together
into contact with their upper contacts 28, 29, and
30 respectively., The first two switch blades 21
and 22 are connected to the armature A of the
motor M, and the third switch blade 23 is con-
nected to the control grid 3! of the rectifier tube
i7. The upper contact 28 of the first switch
blade 21 and the lower contact 26 of the second
switch blade 22 are joined together and connected
to one end of the secondary winding {§ of the
power transformer 14, The other end of this
secondary winding 15 is connected to the anode
32 of the discharge tube 7. 'The lower contact
25 of the first switch blade 21 and the upper con-
tact 26 of the second switch blade 22 are joined
together and connected to the cathode 33 of the
rectifier tube {7. The first two switch blades
21 and 22 of the switch 18 are thus operated as
a double-pole double-throw reversing switch for
the motor M, while the rectifier tube 17 is oper-
ated as a current regulator or speed control for
the motor, as will be explained below. The relay
coil 24 of the switch {6 is energized through a
pair of input terminals 35 and 36, to which the
coil is connected in series with a single-pole sin-
gle-throw, or “cn-off” type hoist-lower switch 37,
shown in the “off” position. When this switch 37
is in the “off”” position, the motor M is operated to
lower the projector P, and when this switch is
closed, the motor M hoists the projector P into
the sea chest C.

The amount of power passed by the rectifier
tube 17 is controlled by the amount of negative
bias furnished to the control grid 31, which bias
is furnished from a source of unidirectional bias
potential (not shown) by way of two bias poten-
tial input terminals 41 and 42, of which the posi-
tive-potential terminal 42 is connected to the
cathode 83. The bias potential terminals 41 and
42 are connected to two bias control networks,
N—1I and N—32, comprising in part the ‘“hoist
controls” and the “lower controls” respectively,
as shown in dotted line boxes in the drawing.
The operation of each network N—1{ and N—2 is
controlled by the hoist or lower limit control
switches B—1 or E—2 respectively. As will be re-
called, the “hoist control” switches E—{ are op-
erated by the upper dog D—{ on the projector
shaft S, and the “lower control switches” E—2
are operated by the lower dog D—2 on the shaft.
The grid 31 is connected to one or the other of
the networks N—1{ or N—2 by way of the third
switeh blade 23 of the multi-polar switch 16, The
upper contact 80 of this switch blade is connecetd
to the first or “hoist control” network N-—I, while
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the lower contact 21 is connected to the “lower
control” network N—2, Thus when the motor
M is being operated to lower the projector P, as
shown, the bias potential furnished to the recti-
fier tube 17 is controlled by the “lower control”
network N—2 and its limit control switches E—2.
On the other hand, when the hoist-lower control
switch 37 is placed on the “hoist” position, to
energize the relay coil 24 of the multi-polar
switch 6, the motor M is reserved to hoist the
projector P, and the bias potential of the recti-
fier tube §7 is controlled by the “hoist control”
network N—{ and the associated limit control
switches E-—1. A current-limiting resistor 43 is
connected in series in the grid circuit, and serves
to limit or prevent the flow of grid current as
desired. A grid-potential smoothing capacitor
44 is connected from the grid 31 to the cathode
33.

Considering now specifically the “hoist control”
network N—1{ and the therewith associated “hoist
control” switches E—I, the network has a poten-
tial divider resistor 50 connected across the bias
potential input terminals 44 and 42. This resistor
has three taps 51, 52, and 53, at which are avail-
abie three different potentials for the grid 31.
The first tap 5{ furnishes a potential that is at
most only slightly negative with respect to the
cathode 33 potential, so that the rectifier tube
{7 operates over a sufficient portion of the con-
ductive half-cycle to operate the motor M at full
speed, The second tap 52 furnishes a more nega-
tive grid bias potential for reduced motor speed,
and the third tap furnishes a still more negative
grid bias potential substantially to cut off the
tube {7 and stop the motor M. Control of an
electric motor like the motor M with an electron
tube by varying the grid bias of the tube is de-
seribed more fully in Patent No. 2,163,632 to H. A.
Satterlee.

The bias potential that is to be furnished to
the grid 3! is selected by a pair of single-pole
double-throw switches 54 and 55. The first switch
54 has its first free terminal 56 connected to the
first tap 54, and its second free terminal 67 con-
nected to the second tap 52. The second switch
55 has its first free terminal €0 connected to the
blade terminal 58 of the first switch 54, and its
second free terminal 61 connected to the third
tap 53. The blade terminal 62 of the second
switch 55 is connected to the upper free terminal
38 of the third switch blade 23 of the multi-polar
switch {6, and through that switch blade 23 to
the grid 3! when the hoist-lower switeh 37 is in
the “hoist” position.

The two bias control switches 54 and 53 are
controlled by a pair of relay magnets coils 64 and
65 respectively, each switch being closed on its
firs; free terminal, as shown in the drawing, when
the therewith associated coil is energized, and
on its second free terminal under the control of
a suitable biasing spring 80 or the like when the
therewith associated coil is not energized. Ener-
gizing current for the relay coils 64 and 65 Is
furnished by way of a pair of relay power termi-
nals §6 and 61. The first relay coil 64 is con-
nected in series with a first normally closed
switch 74 of the “hoist control” limit switches
E—1, and through this switch across the relay
power terminals 96 and 671. The second relay
coil 65 is connected in series with a second
normally closed switch 75 of the same “hoist con-
trol” switches E—I, and through this switch
across the relay power terminals 66 and 67.
These two normally closed switches 14 and 75 are
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5
broperly positioned with relation to the upper
dOg D—+ on the projector shaft S to effect hoist
timit control, as will be described below. The
rélay ¢0il$ 64 and 66 are both energized when the
hoist coritrol switchies B—I are both closed. If
desired; the relay power términals 68 and §7 and
the hmst lower relay pOWer termma]s 35 and 36

The “lower control” network N-—2 and 1ts limit
control switches E—2 perforih the same function
in' a'lowering operation as do the “hois§ control”
rietwork N—i and limit switches BE—I, and are
substantiaily identical thereto in structure Ac-
cordingly, the various parts in the “lower con-
frol” nétwork and control sw1tches bear the same
reference characters as the corresponding parts
in'the “hoist control” network and switches. The
bias potential output terminal 62 of the “lower
control” network N—2 is connected to the lower
free terminal 27 of the third or grid circuit switch
blade 23 of the muiti- polar switch 16. The poten-
tial divider resistor 58 of the “lower control” net-
work N-—2 is connected to the bias potential in-
put terminals 41 and 62 in parallel with the cor-
respondmg resistor 50 of the “hoist control” net-
work N—i{. The relay coils 64 and 85 of the
“lower control” network are energized in the same
fashion and from the same power source as the
correspondmv coils 64 and 65 of the “hoist con~
trol” network N—I,

As shown in the drawing, the system is lowering
the projector P. The “lower conirol” network
N-~2 is connected to the control grid 3¢, and the
two relay coils 64 and 65 thereof are both ener-
gized. The least-negative-bias-potential tap &l
is-thereby connected to the grid 3, and the motor
M is ‘operating at full speed. The “lower control”
switches E—2 are so disposed that at a prede-
termined point along the path of the shaft S the
lower dog D—2 pushes open the first switch T4
and opens the circuit of the first relay magnet
coil &4 of the “lower control” network N—2. The
first switch 54 then changes position, and con-
nects the second bias potential tap 52 to the
control grid 31. A more negative bias potential
is now applied to the control grid, and the recti-
fier tube {7 conducts at a later time in each con-
ductive half cycle of the energ1zmg power than
formerly, so that the average power furnished
to the motor M is decreased, reducing the motor
speed. Lowering of the projector P proceeds now
at a reduced speed until the flange J is firmly
seated in the lower limit collar 'V at which time the
lower dog D—2 opens the second switch 75 of the
“lower” limit control switches E—2. The second
relay coil 65 becomes deenergized, and the second
switch B85 changes position to connect the third
bias potential tap 83, furnishing a cut-off bias
potential, to the grid 31, whereupon the motor
is stopped. The first switch 74 is maintained
open at the same time, the spacing between the
dog-contacting arms of the two switches of each
set being such that both can be contacted at the
same time by the dog in the limit position.

The system is how ready for a hoisting opera-
tion, which is initiated by manually changing the
position of the hoist-lower switch 37 to the “hoist”
positich. The multi-polar switch {6 relay coil 24
is then energized, current to the motor M is re-
versed, and the third switch blade 23 thereof con-
nects the “hoist control” network N—1 to the grid
31. Since the “hoist control” limit switches E—i
are both closed, the motor M proceeds to hoist the
projector P at full speed. The upper dog D—1
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controls the “hoist control” limit switches E—I
and network N—I to ﬁrst reduce the speed of the
mbtor M and then stop it when the flange J is
firmly seated in the upper limit collar V. At
the same time the lower dog D-—2 moves away
from the “lower control” limit switches E—2, per-
mitting them to close, so that 1mmedlately after
the second’ switch 15 of the “lower control”
switches B—2 ha.s‘closed,the projector travel may
be reversed and theé projector again lowered if

‘desired. The hoist-lower control switch 37 main-

tains control at all times in the travel of the shaft
S 'and projector P, and this travel can be re-
versed at any time therein; an operator does not
havé to wait until a limit position has been
reached. )

Advantages of the system in accordance with
the present invention should now be more ap-
parent. In prioir systems where power to the
hoist-lower motor is cut off just prior to the seat-
ing of the prOJector in its limif position, the
projector coasts into a limit position. If the
collars K are compressed too much, for example,
in order to stop a Wwater leak through the pack-
ing material W, friction between the packing
material and the shaft S may be so great as to
prevent seating of the projector in its limit posi-
tion. The projector may then not be sufﬁc1ently
extended for proper use, or not sufficienitly re-
tracted for tight seating, in which case a water
leak eventually develops due to vibration. On
the other hand if power to the mototr is left on
too long, the projector may be seated with vio-
lent force, in which case there may be jamming
of the projector in a retracted or an extended
position, or damage to the rack and pinion gears
or to the flange and limit collars. By the present
invention the projector is caused to creep  into
a 1imit position, the motor power being sufficiently
great to seat the prOJector against the resistance

‘of a tight packing W, but not great enough

to burn out the motor M or jam the driving gears
if the second switch 15 of either control switch
group E—1{ or E—2 should fail to open. These
latter switches 75 should be adjusted to open
just at the lnmt pomt but no harm is done if
they fail to open. Further, faﬂure of one of
these limit switchés 75 to open has no effect on
the reversibility of the hoist-lower operation.

Having now described my invention, what I
claim is:

1. In a submarine listening apparatus carried
and supported at the end of a shaft adapted to
be extended through the hull of a vessel into
the water, said shaft having limiting positions for
retraction into the vessel and extension into the
water, electric motor means, a gaseous conduc-
tion tube, means supplying power to said motor
through said gaseous conduction tube, and
switch means automatically operative when said
shaft approaches a limiting position for causing
said gaseous conduction tube to pass compara-
tively shorter power pulses while driving the
motor in the same direction whereby the shaft
creeps slowly to said limiting position.

2. In a submarine listening apparatus carried
and supported at the end of a shaft adapted to
be extended through the hull of a vessel into
the water, said shaft having limiting positions for
retraction into the vessel and extension into the
water, electric motor means, a gaseous conduc-
tion tube having a grid bias control element,
means supplying power to said motor through
said gaseous conduction tube, and switch means
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automatically operative when said shaft reaclfles
the vieinity of a limiting position for:controlling

said grid element to provide a comparatively.

higher bias, whereby the tube will' pass shorter
‘power pulses and cause the shaft to creep slowly
‘to said limiting position. : :

-and: supported at the end of a shaft adapted to:
be extended. through the hull of a vessel into the

water, said shaft having limiting positions for
retraction into the vessel and extension: into the
water, electric motor means, a gaseous conduction .

:tube having a grid bias control element, means

3. In a submarine listening apparatus ca.rued '

©and supported at the end of a shaft adapted to

‘be extended through the hull of a vessel into the '

water, said 'shaft having limiting positions for
“retraction into the vessel ‘and extension into the

water, electric motor means, a gaseous conduc-

tion ‘tube having a grid bias control element,

' ‘means supplying power to' said motor through
‘said gaseous conduction tube; switch means in:
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the circuit of said grid element, and switch con- -

‘trol ‘means carried by said shaft positioned to
‘operate said switch means when said shaft reaches

‘the vieinity of: a limit position, said switch means -

controlling said grid element to provide a com-
‘paratively higher bias when ' operated by said

. switch ‘control means, whereby the tube will pass:

shorter power pulses and cause the shaft to creep
*‘slowly o said limiting position.

4. In a submarine listening apparatus carmed
‘and supported at the end of a shaft adapted to

' ‘be extended through the hull of a vessel into the

water, said shaft having: limiting positions: for
- retraction into the vessel and extension'into the -

“ ' water, electric motor mearns, a gaseous conduction

tube having a grid bias control element, means

30

supplying power to said motor through said gas-' -

eous ‘conduction tube, switch means in the cir~
‘cuit’ of said grid element,; switch control ‘means

. carried by said shaft positioned to operate said:

switch means when said shaft reaches the vicin-
ity of a limit position, said switch means control-~

ling said grid element to provide a comparatively -
higher bias when operated by said switch control

‘means, whereby the tube will pass shorter power
pulses and cause the shaft to creep slowly to said
limiting position, and second switch means in
said circuit, disposed to be operated by said switch
control means when said shaft is in said limit
position, said second switch means controlling
said grid element to provide a still higher bias
when operated by said switch control means,
whereby said motor is deenergized.

5. In a submarine listening apparatus carried

supplying power to said motor through said gas-

eous conduction - tube; a.source of negative hias:
potential for said grid, a potential divider: con-

‘nected between. said source and the: ecathode of

said tube;: a plurality of taps on said:. potential
divider, of which a first tap provides a. first bias

.. potential for conditioning said tube for full mo- . k

tor speed, a second tap provides a second bias

potential for: conditioning said tube:for reduced

motor speed, and a third tap provides a third bias :
potential for substantially cutting off said: tube;

a:pair of switch means controlling the connection : -
of said taps to said grid, and normally connecting

‘said first: tap. to said grid;. and switch control
means mounted on . said shaft and disposed to. .. .-

operate one of said switch means to conneet said

-second: tap to said grid in place of said first: tap

when said : shaft approaches the: vicinity of a

5 lmit: position, and to operate the other switch .
‘means to connect said. third tap to said grid in

place of the second tap when said shaft is in said
limit position.

6. In an apparatus having a member adapted
to:be moved: between two limiting positions, elec-
tric: motor: means, a: gaseous conduction: tube,
means supplying power to said motor through said

gaseous conduction tube, and switch means: auto-

‘matically operative when said member approaches
.- a limiting position for causing said gaseous con-
:duction tube to pass comparatively shorter power

. .pulses while driving the motor in the same direc-:

. tion wherehy said motor creeps slowly to said lim-
- iting position,
40 - :
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