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Toall whom it may concern:

Be it known that we, Steruexy A. Fag-
keLL and Marcom R. MoNEiLL, residing at
Brooklyn and Chicago, in the counties of

6 Kings and Cook, and State of New York
and State of Illinois, respectively, have in-
vented certain new and useful Improve-
ments in Means for Controlling the Move-
ments of Ordnance Members, Sighting In-

10 struments, and the like, of which the fol-
lowing is a specification.

. This invention relates to means for trans-
mitting motion and the prime object thereof
is to provide new and improved means for

18 moving instrumentalities in synchronism or
unison and while the invention is useful
in many relations, we have adapted it to the
art of pointing and training guns and sight-
ing instruments mounted upon unstable sup-

20 ports, such for instance as on board a ship.

In carrying out the present embodiment
of the invention we contemplate providing
improved means which will automatically

© maintain a gun or sighting instrument aimed

25 or directed towards a fixed object despite
the undesirable movements of the ship, such
as is produced by the uneven surface of the

. sea, or such as are caused by the travel of

- the vessel, the deviation of the vessel from
30 a given course or variations in its speed. -

The invention further contemplates the
provision of means whereby lag and lost
motion are taken care of during the op-
cration of the mechanism caused by the un-

35 desirable movements of the vessel, and
whereby the human element can be super-
imposed upon the automatically controlled
parts to vary their operation, to meet emer-
gencies or to change the position of the in-

40 struments under control, as where it is de-

sirable to transfer the range or sight upon

another object. L

More specifically stated, our invention re-

lates to the pointing of a gun in a turret, or
sighting instrument, or moving or restrain-
ing the movement thereof in azimuth during
the turning movement of turret or the
travel of the vessel, such that the gun or
sighting instrument will at all times be kept

50 automatically in trained position, combined

with means which will automatically fire

28
S

the gun or place it in a condition for firing
at the proper instant.

A further object of the invention is to
provide a system of semi-automatic control
which ean be employed when one or more
parts of the main control becomes inopera-
tive or destroyed by gun fire. :

In carrying out the invention we have
adapted the same to the standard equipment
now installed upon the modern war vessels.

Other objects and aims of the invention,
more or less specific than those referred to
above, will be in part obvious and in part
pointed cut in the course of the following
description of the elements, combinations,
arrangements of parts and applications of
principles, constituting the invention; and
the scope of protection contemplated will
be_indicated in the appended claims.

In the accompanying drawings, wherein
we have illustrated a preferred form of em-
bodiment of our invention: = =

Figure 1 is a view, partly in elevation,
and partly in section, and partly schematic.
showing the standard or supporting base
upon which is mounted a part of the appa-
ratus, which is located remote from the
turret of a warship, and a sighting instru-
ment, and other mechanism which is located
in a position remote from the turret.

Figure 2 is a view, partly in elevation.
partly in section, and partly schematic,
showing a part of the controlling means,
which is also located within the turret of a
warship. '

Figure 8 is a view, partly in diagram,
and partly in section, showing the preferred
manner of constructing the commutators
and the method of increasing the increment
of motion of the step-by-step motors acting
on differential mechanism.

Figure 4 is 2 view in elevation, showing
certain indicators forming a part of our
improved apparatus. ’ .

Figure 5 is a diagrammatic view, show-

ing the manmer of firing a piece of ord-
‘nance, in accordance with the apparatus

which forms the subject matter of this in-

vention; and _
Figure 6 is an elevational view of a modi-

fied form of construction. :
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Referring now to the drawings, whevein
similar reference characters refer to similar
parts throughout the several views thereof,
A denotes a portion of a turret and the
reference nnmeral 1 denotes a portion of the
barbette of a turret, said barbette compris-
ing a stationary circular structure forming
angxture on the deck of a war vessel, having
an inwardly extending tcothed edge or rim,
which extends entirely about the turret.
This rim is engaged by a gear wheel 2,
mounted on the drive shaft 3, upon the op-
posite end of which is provided a worm
wheel 4, driven by a worm 5 upon the shaft
6. Shaft -6 extends within the casing 7,
which encloses a system of variable speed
control, and a follow-up gear, and leading
into this system of variable speed control is
a drive shaft 8, which derives its power

from a motor or other driving apparatus

not shown. .

1t will be understood that the mechanism
so far deseribed forms mno part of our in-
vention, but comprises a part of an old and
well known mechanism employed for driv-
ing a turret. .
control or gear comprised in the casing 7,
forms no part of our invention, the latter
being a well known apparatus employed for
transmitting a variable speed to the turret
from the power driven shaft 8.

It will be also understood that the mech-
anism thus far deseribed, with the excep-
tion of the barbette 1, is all located within
At this point
it may be explained that, in so far as this
part of our invention 1s concerned, the con-
trolling devices hereinafter to be described,
operate upon the variable speed gear 7 to
control the direction of movement, as well
as the velocity of movement of the turret.
said speed controlling means being trans-
mitted to the variable speed gear 7 by means
of a shaft 9, whose operation is in turn con-
trolled by a motor 10, the latter being what
is known as a step-by-step motor, the con-
struction of which will be hereinafter more
fully described.

Referring now to Figure 1 of the draw-
ings, the reference numeral 11 denotes an
upright standard or hollow post-like struc-
ture having the base portion 12, which post
or standard is located in a position in the
vessel remote from the turret. The upper
end of the post 11 rotatively supports a
hood 13, for instance as by means of the
ball-bearing 14, and fixedly carried upon the

“hollow post 11, near its upper end, is 2 worm

wheel 15, which is engaged by a worm 16.
The worm 16 is provided with an interior
chamber 17, in which is located a variable

'speed gear comprising the bevel gears 18

and 19, each of which 1s mounted upon bear-
ings supported interiorly of the worm 16,
so as to be independently rotatable.

Likewise the variable speed’

1,559,566

Meshing with both the bevel gears 18 and
19 are bevel gear wheels 20 and 21. The
bevel gear wheel 20 is carried upon the
shaft 92, having the hand wheel 23, by
means of which the shaft 22 may be rotated.
The bevel gear 21 is carried by the shaft 24,
which is driven as by means of a pulley 25,
and in turn driven as by means of a belt
96, which receives its power from a pulley
wheel 27, carried by the armature shaft 28
of a step-by-step motor 29.

It may here be noted that the power trans-
mitting means extending between the step-
by-step motor 29, and the shaft 24, as shown
herein, is purely diagrammatic, and in ac-
tual practice such mechanism will be em-
ployed as will be sunitable for performing
this operation.

From the mechanism just described it will
be seen that when the shafts 22 and 24 are
rotated at uniform speeds in opposite direc-
tions, the bevel gear wheels 18 and 19 will
merely be revolved upon their journals and
no rotative movement of the worm 16 will
be accomplished. When, however, the
shafts 22 and 24 are rotated at different
speeds the bevel gears 18 and 19 will be
moved bodily in directions transverse to
their axes, and inasmuch as these gears are
carried by the worm 16, said worm will be
rotated, and through its connection with the
hood 18, effecting a rotative movement of
the latter. ’

Suspended from a pivotal support 80, lo-

‘cated centrally of the hood 13, is a rod 31,

the pivotal connection of said rod with the
bearing 30 being such that it can swing in
but a single plane. The lower end of the
rod 81 is provided with a bearing 82, from
which hangs a cradle 33, the latter carrying
a gyroscopic ring 34. The bearing 82 from
which hangs the cradle 33, is so disposed

that said cradle can swing in but a single

plane, which plane is opposite to that, in
which swings the rod 31. Thus it will be
seen that the cradle 33 is permitted to swing
in two planes, and that said planes are at
right angles to each other. The gyroscopic
ring 34 is provided with pintles 35, which
carry a gyroscopic ring 36, and pivoted to
the latter element, by means of the verti-
cally disposed pivots 37, is a gyroscopic
wheel 88. The gyroscopic wheel 38, in prac-
tice, will be driven by a suitable source of
power at a very high speed of rotation,
such construction being well known in the
art and being quite similar to that now em-
ployed in connection with gyroscopic com-
passes, and said gyroscopic wheel being
freely suspended, and when once set in ro-
tation in a given plane will continue to ro-
tate in said plane, despite the movements of
its supporting means which would tend to
carry it into a different plane. This gyro-
scopic apparatus stabilizes the pendulum 31.
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The reference numeral 39 denotes a tele-
scope or sighting instrument mounted upon
a suitable pivotal support 40.  This sighting
instrument in practice will he supported
upon hood 13 und rvotatable therewith but
located above said hood a predetermined
distance, the mounting of the telescope 39,
however. being such that it can swing only
in a plane parallel to that in which swings
the vod 31, which carries the gyroscopic ele-
ment 38. '

In practice the sighting instrument 39
may be located in a position commanding
an unimpeded view. of objects at which the
ordnance member is to he pointed or trained,
for instance, in the fighting top of a war-
ship.

The sighting instrument 39 is provided
with a sector-shaped gear 41, the teeth 42

of which are in mesh with a worm 48, in

the interior of which is a differential mech-
anism -+, which is in all respects similar to
that described in connection with the worm
16, and therefore need not be specifically

deseribed, it being understood that the shaft-

k5 carrying the hand wheel 46 operates upon
one side of the differential, and that the
shatft 47, driven by the armature 48 of the
step-by-step motor, 49 operates upon the
other side of the differential 44. .

Located within the post 11 is an are-
shaped commutator 50 mounted to rotate
with hood 13, comprising a plurality of
spaced commutator members which are en-
gaged by a suitable contact member 51 car-
ried by the swinging rod 31. This latter
rod may be considered as a shaft of a pendu-
lum, the weight being comprised by the
gyroscopic apparatus, so that when the ves-
sel . moves in a direction other than a direc-
tion of travel, due to the uneven surface of
the sea, the rod 31 remaining stationary,
will cause the commutator 50 to be swung
with respect to the contact point 51, therehy
opening and closing various cireuits whicl
will now be described. _
_ The reference numeral 52 indicates a suit-
able supply of electric energy, such for in-
stance as a dynamo, although the same is
herein,” for convenience, illustrated as an
electric battery, the negative pole of which
is connected by a wire 53 with the contact
member 51 mounted upon the shaft or rod
31. The opposite pole of the battery 52 is
connected with the negative poles of the
step-by-step motor 49. v

The commutator 50, it will be noted, is di-
vided into a plurality of units, each unit
comprising three adjacent commutator mem-
bers, each of. thesé units is connected by the
wires 54, 55 and 56 with the positive poles
of the step-by-step motor. Therefore, it
will be seen that a movement of the contact
51 over its commutator will 'successively

8

energize the pole pieces of the step-hy-step
motor 49, whereby the armature thercof, due
to the successive changing of the poles of
the field of the motor 49, will he rotated in
a diveetion commensurate with and ‘in pro-
portion to the =wing or movement of (he
commmutator 5 with relation to  contact
member 51, : :

Inasmuch,  therefore. as the sighting in-
strument 39 is connected with the armature
I8 of the step-by-step motor 49, it will be
swung upon its axis through an are propor-
tional fo the are over which swings the con-
tact 51 of the pendulum. Thus it will be

seen that when the sighting instrument is -

once trained upon an external object, such
for instance as a target, it will remain in
sueh trained position, despite any movement
of the ship which will cause a relative move-

ment between the contact 5 of the pendu- -

Iam and the commutator 50,

The hand wheel 46 controlling the move-
ment of the shaft 45 may be operated to
‘anse the differential mechanism 44 to swing
the sighting instrument 39 independent of
its antomatic control, when for instance it
is desired to train the sighting instrument
upon another external object or target.

The description of the mechanism thus far
accomplished relates to what is known . as
gun_ pointing, that is to say, the vertical
angle throngh which.the sighting instru-
ment would tend to move, due to the move-

ment of ‘the vessel, and which movement is

corrected by said controlling mechanism;
Referring now to the means for control-
ling the turret, and thereby controlling the
movement of the ordnance member in azi-
muth, it will, of course, be understood that
the gun is mounted in the turret so as to
swing with it, and the object of the part
of the mechanism now to be described is

“directed to the problem of maintaining the

gun through the turret in a trained posi-
tion, despite a movement of the vessel, such
as a movement of travel or the swinging of
the vessel from its course. This mechanisn,
as before stated, operatés through the vari-
able speed gear or control contained in the
casing 7. '

Mounted upon horizontal axes upon a
vertically disposed standard or post 57, ro-
tatably supported upon the base 12, is a
gyroscopic wheel or element 58, which is
carried upon the gyroscopie rings 59 and 60.
The gyroscopic member 38, as in the gyro-
scopic devices already described, is power
driven at a high rate of speed, so that it will
tend to remain in any plane in which it is
set in motion, despite a swinging movement
of the ship. :

The post 57 carries an arm 61, the latter
at its outer end being provided with a con-
tact member, the latter comprising a wheel
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62, which co-operates with a circular com-
mutator 63, supported upon the posts 64
erected upon the base member 12.

Thus it will be seen when the vessel is
turned upon its axis the gyroscopic element
58 remaining in its fixed plane, the commu-
tator 63 will be moved underneath the con-
tact member 62, whereby various cireuits
hereinafter described will be opened and
closed.

The reference numeral 63 indicates a
source of electric supply, such as dynamo,
although for clearness it is herein illus-
trated as an electric battery. The negative
pole of this battery is connected by means
of the wire 66 with the contact member 62.
The opposite pole of the battery is connected
as by means of the wire 67 with the negative
pieces of the step-by-step motor 29. ’

The commutator 63 is divided into a se-
ries of units, each in the present instance
comprising three contact members, and the
wires of each unit are connected by means
of the wires 68, 69 and 70 with the pole
pieces of the step-by-step motor 29, so that
a movement of the commutator 63 relative
to the contact member 62 will cause an equal
or proportionate operation of the armature
97 of the step-by-step motor 29. This step-
by-step motor 29 being connected with the
worm 16, the rotative movements of the
armature 27 thereof, will cause said worm
16, through its connection with the worm
wheel 15 to move the hood 13 thru
an arc equal or proportionate to the arc in
which the vessel has turned upon its axis,
that is to say, an arc equal to that trav-
ersed by the commutator 63 under the con-
tact point 62. _

Mounted upon the post 11, adjacent the
lower edge of the hood 18, is a commutator
%1, and co-operating with this commutator
is a contact member comprising a wheel 72,
carried by the inner wall of the hood 13,
so that when said hood is rotated, as above
described, the movement of the contact
member 72 over the commutator 71 will
open and close various circuits hereinafter
to be described.

The reference numeral 73 denotes-a source
of electric supply herein illustrated as a
battery, although a dynamo would be em-
ployed in actual service, the negatives of
said battery being conmected by the wire

74 of the contact member 72, a manually

. operated switch 75 being provided to open

60

and close the cireunit through this wire. The
commutator 71, as in the commutators above
described, is divided into several units, each
unit comprising three contact members, and
the contact members of each of these units
are connected as by means of the wires 76,
77 and 78 with the pole pieces of the step-by-
step motor 79, the wire 80 leading from the

1,559.586

battery 73 heing also connected with said
contact members. A manually controlled
switch 81 is provided in these last named
wires, whereby the cirenits may be opened
or closed. The armature of the step-by-
step motor 79 operates the shaft 82 and said
shaft is connected with a bevel gear wheel
83, which co-operates with the bevel gear
wheels 8 and 85, journalled upon pivots
formed interiorly of the casing 86, which
casing is provided exteriorly with a bevel
gear wheel 87, which meshes with a bevel
gear wheel 88 mounted upon a snitable shaft
89, bearings of which are not shown herein.

65

70

5

Carried upon the shaft 89 of the bevel -

gear wheel 88, is a commutator 90, said com-
mutator partaking of the rotative movement
of the bevel gear wheel 88. Carried near

“the upper end of a shaft 91, is a contacting

member or brush 92, which is adapted, when
the commutator 90 is rotated to pass over
and make electrieal contact with the va-
rious contact pieces of the commutator 90.

The commutator 90, as in the commutators
already described, is divided into a plurality
of units, each of the units in the present
instance comprising three contact pieces.

Provided upon the upper end of the shaft
91 is a hand wheel 93, by means of which
the shaft 91 and the arm 94 carrying the
brush 92 may be operated. It will be un-
derstood, however, that normally the shaft
91, which caities the arm 94, is held against
rotation and is only rotated when it is nec-
essary to operate the hand wheel 93, as will
be hereinafter pointed out.

The reference nmumeral 95 indicates a
source of electric current supply herein in-
dicated as a battery, the negative pole of
which is connected through a sliding contact
by the wire 96 with the arm 94. The vari-
ous contact members of the commutator 90
are also connected by sliding contacts by
means of the wires 97, 98 and 99, and the
wires 100, 101 and 102 with the step-by-step
motor 10.

Therefore, operation of the side of the
differential located in the casing 86, com-
prised by the bevel gear 83, which operation,
as above pointed out, is determined by the
rotative movement of the hood 13, will
cause the proper operation of the step-by-
step motor 10. This step-by-step motor
10, as already described, controls the op-
eration of the variable speed gear T through
the control exercised by the bevel gear 88.
Therefore, the shaft 6, which leads from the
speed gear, will, through its connection with
the barbette, cause a motion of the turret
with respect to said barbette and likewise
the ship, which is equal and opposite to the
movement of the ship upon its vertical axis.

The last described mechanism is intended
to compensate for the aforesaid turning
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movement ‘of the ship, that is to say, to
move the turret relative to the ship, so that
the ordnance member will remain in trained
position. In practice, however, it is found
that due to lag, loss of movement, and al-
lied inherent mechanical imperfections, also
to the necessity of overcoming inertia, of the
parts to be moved or retarded, it is desirable
to provide means which will give impetus
to, or accelerate the initial movement or re-
tardation of said parts to be moved. We
have, therefore, provided means to overcome
these obstacles, which means will now_be
described. .

Suitably mounted and journalled within
the turret is a shaft 103, which shaft is pro-
vided with a gear wheel 104, which meshes
with the teeth of the barbette 1, so that
when the turret is rotated, the shaft 103 will
be rotated upon its axis. Shaft 103 is pro-
vided with a worm 103, and worm 105
meshes with a gear wheel 106 suitably sup-
ported by means not herein shown. Mount-
ed upon and carried by the gear wheel 106 ix
a commutator 107, the contact pieces of
which, as in the commutators already de-
scribed, being divided into a plurality of
units, three adjacent commutator partscom-
prising each unit.

The reference numeral 108 indicates a
source of electric current supply, shown
herein as a battery, and the negative pole of
this battery is connected as by means of the
wire 109 at 110 with a cireular bus-bar 111,
The commutator members are connected by
means of the wires 112, 113 and 114 with the
pole pieces of a step-by-step motor 11, and
a circuit through the step-by-step motor, by
means of the hattery 108, is completed by a
wire 116 which connects said battery with
the negative pole pieces of the step-by-step
motor 115. ,

Suitably supported concentrically of the
wheel 106, but independent of it, are the
pole pieces of a step-by4step motor 117,
having an armature 118. The wires 76, 77
and 18 being connected with the positive
pole pieces of said step-by-step motor 117
and the wire 80, which leads from the bat-
tery 73, ave connected with the negative pole
pieces thereof. Therefore, when the step-
by-step motor 79 is operated through its con-
nection with the battery 73, the step-hy-step
motor 117 will also be operated, that is to
say, the armature 118 will be rotated in ex-

- actly the same manner as will the armature

G0
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of the step-by-step motor 79, the said arina-
tures moving in unison.

instance is merely shown diagrammatically
by a black line. This contact arm co-op-
erates with the commutator 107 and closes a
circuit through the various contact mem-
bers from the hns-bar 111, so that during the

rotative movemeiits of the armature 118 of
the step-by-step motor 117, circuits will be
opened and closed through the wires 112,
113, 114 and 116 and the step-by-step motor
115 operated thereby. :

The armature of the step-by-step motor
115 operates the shaft 120, which carries a
bevel gear wheel 121, the latter meshing with
the bevel gear wheels 84 and 85 of the dif-
ferential mechanism, and at this point it
may be noted that the step-by-step motor
115 and the step-by-step motor. 79 are so re-
lated and comnected with their associated
differential mechanism that when they are
operated by the commutator 71 upon the
standard or post 11, they impart an initial
movement to the bevel gear wheel 87 which
is twice as great as is the movement neces-
sary to cause, through the connections above
described, a movement of the turret, such
as will exactly compensate for the move-
ment of the ship. v

This initial acceleration or impulse we
have found necessary in order to compen-
sate for the mechanical imperfections, and to
overcome the inertia of parts, as above
stated. - :

Daring this operation the movement of
the turret will, through the shaft 103 and
worm 103, impart a rotative movement of
the gear wheel 106, such that the armature
of the motor 115 will be moved contrary to
its initial movement, whereby the movement
of the turret will beslowed down in a meas-
ure which is exactly proportionate for the
latter part of the interval of time in which
the turret is moved to the acceleration given
it in the first part of the interval of time of
the movement of said turret, and the turret
will come to rest when the commutator 107
bears the same relation to the contact arm
119, as it did before the starting of the
movement.

Therefore, it will be seen that the lost
motion, lag and inertia will be compensated

_for by the mechanism just above described.

Referring now to Figure 4 of the draw-
ings, the reference numeral 122 indicates
one step-by-step motor and the reference
numeral 123 indicates another step-by-step
motor.
the step-by-step motor 122 carries a worm
125 which meshes with a gear wheel 126.
The shaft of gear wheel 126 carries the indi-
cator pointer 127. The shaft 128 of the ar-
mature of the step-by-step motor 123 carries
the worm 129 which meshes with the gear

“wheel 130, the shaft of which carries the in-
Carried by the armature 118 is a contact -
arm 119, which contact arm in the present

dicator pointer 131. The gear wheels 126
and 130 are mounted concentrically, and the
indicator pointers 127 and 131 have a com-
mon axis of rotation. '

The reference numerals 132 and 133 re-
spectively denote other step-by-step motors,
and the shaft 134 of the armature of the
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step-by-step motor 132 has a worm 135
mounted thereon, which worm meshes with
a gear wheel 136. The shaft 137 of the ar-
mature of the step-by-step motor 133 is pro-
vided with a worm 138 which meshes with a
gear wheel 139, said gear wheels 136 and
139, as in the construction first described in
connection with this Figure 4, being mount-
ed concentrically. The shaft of gear wheel
136 carries the indicator pointer 140 and the
shaft of the gear wheel 139 carries the indi-
cator pointer 141, said indicator pointers
revolving upon a common axis. -

Worm 105 meshes with a suitably sup-
ported gear wheel 142 having mounted
thereon a commutator 143, which commuta-
tor, as in the commutators above described,
is divided into a plurality of units, each
comprising three adjacent contact pieces.
Co-operating with the commutator is a
contact member or brush 144, carried by a
fixed contact arm 145, so that during the
rotation of the gear wheel 142, the commu-
tator 143 will move under the brush 144 and
open and close the circuits now to be de-
scribed.

The " reference numeral 146 denotes a
source of electric current supply, the same
being shown herein as a battery, the nega-
tive pole of which is connected by the wire
147 with the brush 144, and from
the battery leads a wires 148. Lead-
ing from each unit of .the commutator
parts 143 are wires 149, 150 and 151, which

7 wires connected with the poles of the step-

by-step motors 122 and 182, the wire 148
extending from battery being connected
with the negative pole pieces of said step-
by-step motors 122 and 1382. Therefore,
when the gear wheel 142 is rotated by the
worm 105, the ptsition of the step-by-step
motors 122 and 132 will be effected, and the
indicator pointers 127 and 140 swung upon
their axis. A switch 152 is interposed in the
last described circuit. Wires 153, 154, 155
and 156 are connected respectively with the
wires 96, 97, 98 and 99, which lead from
the commutator 90, and these wires are con-
nected with the step-by-step motors 123
and 133, the wire 153 being connected with
the negative poles of the battery and the

‘wires 154, 155 and 156 leading from the

commutator 90 are connected with the posi-
tive pole pieces of the step-by-step motors
123, 133.

Thus it will be seen that the operation of
the step-by-step motors 123 and 1383 is de-
termined by the operation of the differential
mechanism under the control of the step-by-
step motors 79 and 115, and the associated
hand wheel, and that likewise the indicator
pointers 127 and 140 are moved in unison
with each other and with the means which
control the movements of the turret through
the variable speed gear 7, and that the step-
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by-step motors 122 and 132 are controlled
by the movement of the turret itself through
its connection with the commutator 143.
In other words, the movements of the indi-
cator pointers 127 and 140 are determined
by the controlling mechanisin of the turret
and give a true indication of the operation
of such mechanism, whereas the indicator
pointers 131 and 141 are controlled by the
turret itself, whereby each pair of indica-
tor arms gives a true 1indication of the move-
ment of the turret. X

The indicator pointing devices under the
control of the motors 122 and 123 are pref-
erably located within the turret while the
corresponding apparatus controlled by the
step-by-step motor 132 and 133 are prefer-
ably located in the fighting top so that they
may be observed by the man taking sights
upon the targets upon which the ordnance is
to be trained. It will be understood, of
course, that similar apparatus may be con-
nected in the circuit and similarly construct-
ed apparatus located wherever desired upon
board of the ship.

Referring now to Figure 1 of the draw-
ings, the reference numeral 157 denotes a
gyroscopic element similar to that located
upon the base 12 of the post 11, and is of
identical construction. This mechanism is
preferably located in a protected position
within the barbette and is normally discon-
nected from the other operating mechanism.
The objett of providing this mechanism is
to provide automatic controlling means for
the ordnance which could be utilized in case
of emergency, such as would occur if the
mechanism under the control of the gyro-
scopic member 58 were damaged by gun fire,
or otherwise rendered inoperative. Leading
from the commutator 158 which is of simi-
lar construction to those already described,
are wires 159, 160 and 161, and from the
brush 162 leads a wire 163, the wires 159,
160, 161 and 163 terminating in a position
to be connected with the wires 76, 77, 78 and
80 by the throwing of the switch 81, where-
by the control to be exercised by the gyro-
scopic member 157 will be effective through
the differential mechanism "controlled by
the step-by-step motors 79 and 115. This
last described circuit is supplied with cur-
rent by means of a source of electrical sup-
ply, such as is illustrated by the battery 161.

Having thus described the construction ot
this embodiment of our invention, the op-
eration thereof, which should be largely ob-
vious from the description already given,
may now be understood. ’

riefly stated, the sighting instrument 39
is controlled by the relative movement
which takes place between the brush or con-
tact member 51, and the commutator 5Q, due
to the undesirable movements of the ship.
the sighting instrument 39 being kept in
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trained position by mechanism controlled
by the operation of the step-by-step motor
49, which automatic control can be varied
or the sighting instrument moved to a new
position by means of the manual control 46.
This takes care of the elevational displace-
ments of the sighting instrument.

The control exercised by the gyroscopic
member 58 is transmitted through the niech-
anism described to act upon the variable
speed gear 7, whereby the ‘movement of the
turret is taken care of, as described, the
turret itself controlling the indicating mech-
anism which, in conjunction with the indi-
cating mechanism under control of the tur-
ret moving mechanism, proves the accuracy
of the movement of the turret to compen-
sate for the axial movement of the ship.

Referring now to Figure 5 of the draw-
ings, it will be noted that the indicator
pointers may be connected in circuit with
the ordnance member. In this figure the ref-
crence numeral 165 indicates the ordnance
member; and the reference numeral 166 the
breech block thereof, 167 the sighting in-
strument, and 168 and 169 the pointers.
The circuit, it will be noted, is broken at
{he sighting instrument, at the indicator
pointers, and at the breech block, making it
necessary for each of these three instrumen-
talities fo be in proper position before the
ordnance member can be fired, which firing
operation can be effected by closing the man-
ually operated switches 170 and 171, one of
the switches is intended to be located with-
in the turret, and the other adjacent the
directorscope in the fighting top.

Referring new to the embodiment of our
invention shown in Figure 6, this arrange-
ment is intended to be utilized when all the
mechanism illustrated in Figure 1 of the
drawings, and at the top of Figure 2 of the
drawings, and of course the indicator mech-
anism as shown in Figure 4, has been ren-
dered inoperative, for instance, as by gun
fire. or other cause. In this embodiment of
our invention the shaft 172 which carries the
commutator 173, which commutator is in
all respeets similar to that shown at 90 in
Figure 2 of the drawings, carries a gyro-
scopic member 174, which as in the hereto-
{fore described embodiment of our invention,
is frecly suspended in the usual gyroscopic

rings, 1s power driven at a high rate of

speed, and is located in any desired vertical
plane. The brush 175 of the commutator is
connected through the source of electric
current supply, herein shown as a battery
176, by the wire 177 with the step-by-step
motor 10, and the commutator pieces, com-
prising each unit of said commutator, are
connected with the step-by-step motor 10 by
the wires 178, 179 and 180.

The shaft 181 which carries the hrush arm
175 is as in the first described enibodiment,

Y 4

normally held against rotation, but if de-
sired, can be rotated as by means of the hand
wheel 182. A switch 183 is provided in the
civeuit partly formed by the wire 177, which
extends from the commutator 173 through
the battery 176.

Thus it will be seen that should the un-
forseen events above enumerated occur, the
sw.itch 183 can be operated to close its cir-
cuit, whereupon the gyroscopic member 174
will exercise its control of the commutator
173 which control will be impressed upon
the step-by-step motor 10 and through said
instrumentality to the variable speed gear 7,
which at this point it may be noted, as in
the first described embodiment, is a well
known piece of mechanism now employed in
turret turning, and is provided with what
is known as the “follow-up” gear, such parts
not being shown in detail herein, inasmuch
as aforesaid, they are of old and well known
construction. ' i :

The mechanism just described will. be
preferably located in the turret proper, and
turns with it. Therefore, it will be seen
that the mechanism takes up lag and lost
motion in the same manner as does the mech-
anism of which the gear 106 plays a part
in Figure 2. It also acts as its own fol-
low-up gear, inasmuch as aforesaid, it is
carried by and rotates with the turret.

Referring now to Figure 3 of the draw-
ings, wherdin we have illustrated schemati-
cally a form of commutator and step-by-

_step motor arrangement, which we prefer

to employ in carrying out our invention as
set forth in this application.

In this arrangement it is intended to effect
a refinement upon the operation of each of
the step-by-step motors illustrated. herein.
That is to say, it diminishes each increment
of motion of the step-by-step motors, where-
by the motion of the ultimate controlling
member is rendered practically continuous,
rather than divided mnto a plurality of in-
dependent rotative movements.

In this figure we have illustrated four con-
centrically disposed commnutator rings 184,
185, 186 and 187, and a concentrically
mounted arm 188 provided with four pairs
ot spaced brushes herein shown as rollers,
the rollers of the several pairs being desig-
nated 189, and 1892, 190, 1907, 191, 1912, 192
and 1925, The arm 188 with which all the
brushes are in electrical contact, leads, by
means of a wire 198, through a source of
power 194, to step-by-step motors 195 and
196, and also to step-by-step motors 197 and
198. The step-by-step motors 195 and 196
operate upon opposite sides of a differen-
tial mechanism, denoted generally at 199.
said differential mechanism carrying a bevel
gear 200 which meshes with the bevel gear
901 earried upon the shaft 202. Similarly
step-by-step motors 195 and 196 operate
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upon different sides of the differential mech-
anism, indicated at 203, which differential
mechanism carries a bevel gear 204, which
meshes with the bevel gear 205, carried by
the shaft 206. ‘Shafts 202 and 206 are pro-
vided with bevel gear wheels 207 and 208,
which mesh with bevel wheels 209 and 210,
mounted upon journals within the casing
or ring 211 of the differential mechanism
212, which casing is provided with a bevel
gear 213, said bevel gear being connected
with the element to be .controlled, for in-
stance, the worm such as illustrated at 16,
43, or the bevel gear 87, or in fact any of

5 the elements, the movements of which it is

desired to control. -
Referring now to the commutator 1lus-

trated in Figure 3, it will'be understood that
the segments of the commutator are staggered
relative to each other, and that two roller
brushes are utilized instead of one, because
of a greater current carrying capacity, and
to keep the source of current in contact with
the two segments longer than a single brush
would keep it, inasmuch as the brushes in
passing from one segment to another will
energize tavo adjacent segments. The reason
for the provision of this form of commutator

is on account. of mechanical limitations’

of commutator consti'uction._ )
The apparatus just described permits a
splitting up -or multiplication of a single

- segment of a commutator into a greater num-

ber of small steps or inerements which ad-

5 vanta%e is further enhanced by the provi-

sion of the multiplicity of commutator rings.
This insures a smooth and substantially con-
tinuous motion of the ultimate control mem-
ber driving element, thus eliminating the
jumping movement which would obtain were
but a single member employed.

It will accordingly be seen that we have
provided a construction well adapted to at-
tain, aimong others, all the aims and objects

9. above pointed out, in a simple yet efficient
. manner.

By means of our combination of
gun pointing and turret turning apparatus
In a unitary system, the control of an ord-
nance menmber or sighting instrument is effect-
ed substantially automatieally, means being
employed, however, to correct any defect of
operation, whereby the human element can
always be superimposed upon the automati-
cally operated mechanism to correct any such
deficiency, or to move the part to be trained
to another position.

Having thus described our invention what

we claim as new and desire to secure by-
- movements of said ship, and a plurality of

Letters Patent is=— = -

1. In apparatus of the class described, in
combination, a member to be trained, turret
operating means, gyroscopic means operat-
ing on said member to be trained to control
the movements thereof to compensate for un-
desirable movements of g vessel, a turret, an
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electric motor Tor controlling the operation

ot the turret operating means to compensate

for other undesirable movements of the ves-
sel, gyroscopically operated contacts for con-
trolling the action of said motor, and manu-
ally controlled means operable jointly with
at least one of said gyroscopically controlled
means for controlling the movements of the
respective movable element. :

2. In apparatus of the class described, in
combination, a member to be trained, mount-
ed upon an unstable support, turret operat-
ing means also mounted upon said unstable
support,” gyroscopically controlled means
adapted. to maintain said member, to be
trained in a fixed elevational position de-
spite undesirable movemeits of said support,
an electric motor adapted to control the
operation of said turret operating means to
compensate for undesirable movements of
said support in azimuth, gyroscopically op-
erated contacts for controlling the action of
said motor, and manually controlled means
operable jointly with each of said gyroscopi-
cally controlled means for controlling the
movements of said turret and said member.

3. In apparatus of the class described, in
combination, a member to be trained adapted
to be mounted upon shipboard so as to swing
in-a vertical plane relative to said ship, a
freely suspended gyroscopic element, differ-
ential mechanism for operating said member
to be trained, a step-by-step motor for op-
erating said differential mechanism, a com-
mutator, a brush carried by the swinging
means upon which said gyroscopic element
is supported, adapted to co-operate with said
commutator so as to cause said step-by-step
motor to operate said differential mechanism
whereby said member to be trained will be
held in a fixed vertical position relative to
an exterior object, despite movements of said
ship which would tend to move said member
to ge trained from the aforesaid fixed po-
sition.

4. In apparatus of the class described, in
combination, a member to be trained, adapt-
ed to be miounted upon shipboard so as to
swing in a vertical plane, differential mech-
anism associated with said member to be
trained adapted to swing the latter in a ver-
tical plane. step-by-step motor means for op-
erating said differential mechanism, a com-
mutator mounted upon said ship and adapt-
ed to partake of the movements thercof, a
freely suspended power driven gyroscopic
element having a brush adapted to traverse
said commutator during the undesirable

electric circuits connecting said commutator
with said brush, and said step-by-step motor
adapted to be operated by the relative move-
ment between said brush and said commu-
tator during undesirable movements of the
ship, shereby said step-by-step motor will
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so operate said differential mechanism that
said member to be trained will be main-
tained in a fixed position relative to an ex-
terior object, despite the said undesirable
movements of said ship. ' -

5. In apparatus of the class described, in

combination, a member to be trained adapt-
ed to be mounted upon shipboard so as to

be swung in a vertical plane, differential

mechanism adapted to operate said member
to be trained and to swing the latter in a
vertical plane, a step-by-step motor operat-

ing upon one side of said differential mecha-

nism, a commutator fixedly mounted upon
said ship so as to partake of the undesirable

"movements thereof, a pendulum, the weight

of which consists of a power driven gyro-
scopic element, said pendulum. being adapt-
ed to swing in a plane parallel with that in
which lies said commutator, and said gyro-
scopic' element being suspended upon the
shaft of said pendulum so that it can swing
in a plane at right angles to the plane in
which swings said pendulum, a brush car-
ried by the shaft of said pendulum adapted
to traverse said commutator, and circuits in-
cluding a source of current supply, associat-
ed with said commutator and said brush,
and said step-by-step motor, whose opera-
tion is determined by the traverse of said
brush over said commutator, whereby said
step-by-step motor will so operate said dif-
ferential mechanism, that the members to be
trained will be maintained in a fixed ver-
tical position relative to a target despite
such undesirable movements of the vessel as
would tend to untrain said member.

6. In apparatus of the class described, the
combination, a member to be trained adapt-
ed to be mounted upon shipboard so as to
be swung in a vertical plane, differential
mechanism adapted to operate said member
to be trained and to swing the latter in a
vertical plane, a step-by-step motor operat-
ing upon one side of said differential mecha-
nism, a commutator fixedly mounted upon
said ship so as to partake of the undesirable

movements thereof, a pendulum, the weight -

of which consists of a power driven gyro-
scopic element, said pendulum being adapt-
ed to swing in a plane parallel with that in
which lies said commutator, said gyroscopic
element being suspended upon the shaft of
said pendulum so that it can swing in a
plane at right angles to the plane in which
swings said pendulum, a brush carried by
the shaft of said pendulum, adapted to
traverse said commutator, and circuits in-
cluding a source of current supply, associat-
ed with said commutator and said brush, and
said step-by-step motor, whose operation is
determined by the traverse of said brush
over said commutator; whereby said step-by-
step-motor will so operate said differential
nechanism, that the members to be trained

©

\

will be maintained in a fixed vertical posi- -

tion relative to a target despite such un-
desirable movements of the vessel as would
tend. to untrain said member, and means
operated by the other side of said differen-
tial mechanism, adapted to manually vary

the automatic control impressed upon said.

differential mechanism.

7. In apparatus of the class described, in
combination, a member to be trained mount-
ed upon shipboard adapted to be swung in a
vertical plane, and a differential mechanism
operating upon said member to be trained
adapted to swing the latter in a vertical
plane, and a gyroscopically controlled step-
by-step motor adapted to so operate said
dlﬁereptlal mechanism that the member to
be trained will be held in a fixed position
relative to an exterior object despite the un-
desirable movements of the ship, such as
would tend to untrain said member.

8. In apparatus of the class described, in
combination, a member to be trained mount-
ed upon shipboard adapted to be swung in a
vertical plane, and a differential mechanism
operating upon said member to be trained
adapted to swing the latter in a vertical
plane, and a gyroscopically controlled step-
by-step motor adapted to so operate said
differential mechanism that the member to
be trained will be held in a fixed position
relative to an exterior object despite the un-
desirable movements of the ship, such as
would tend to untrain said member, the op-
eration of said gyroscopically controlled
motor being determined by said undesir-
able movements, :

9. In apparatus of the class described, in
combination, a member to be trained mount-
ed upon shipboard adapted to be swung in a

-vertical plane, and a differential mechanism

operating upon said member to be trained
adapted to swing the latter in a vertical
plane, and a gyroscopically controlled step-
by-step motor adapted to so operate said
differential mechanism that the member to
be trained will be held in a fixed position
relative to an exterior object despite the un-
desirable movements of the ship, such as
would tend to untrain said member, the
operation of said gyroscopically controlled
motor being determined by said undesirable
movements, and manually controlled means
adapted to vary the operation of said dif-
ferential mechanism.

10. In apparatus of the class described, in
combination, a barbette, a turret adapted to

be revolved within said barbette, power

driven variable speed gear adapted to rotate
said turret, a step-by-step motor adapted to
control the operation of said variable speed
gear, and gyroscopically controlled differen-
tial mechanism adapted to determine the op-
eration of said step-by-step motor, whereby
said variable speed gear will move or retard
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the movement of said turret to compensate
for undesirable movements of the ship.

11. In apparatus of the class described, in
combination, a barbette, a turret mounted
to revolve within said barbette, a power
driven variable speed gear, power transmit-
ting means extended between said variable
speed gear and said barbette, adapted to re-
volve said turret, step-by-step motor means
for controlling the operation of said variable
speed . gear, and gyroscopically controlled
differential mechanism, including one or
more units of step-by-step motor means
adapted to control the operation of said first
named step-by-step motor means. .

12. In apparatus of the class described, in
combination, a barbette, a turret mounted to
revolve within said barbette, a system of va-
riable speed gears adapted to be power
driven, mechanical connections interposed
between said variable speed gears and said
barbette for revolving said turret, step-by-
step motor means for controlling the oper-
ation of said variable speed gear, and gyro-

scopically controlled differential mechanism,

including step-by-step motor means adapted
to detérmine the operation .of said first
named step-by-step motor means whereby
said variable speed gear will be caused to
revolve said turret to compensate for unde-
sirable movements of the ship. )
13. In apparatus of the class described, in

combination, a barbette, a turret mounted to

revolve within said barbette, a system of va-
riable speed gears adapted to be power driv-
en, mechanical connections interposed be-
tween said variable speed gears and said bar-
bette for revolving said turret, step-by-step
motor means for controlling the operation
of said variable speed gear, and gyroscopi-
cally controlled: differential mechanism, in-
cluding step-by-step motor means adapted to
determine the operation of said first named
step-by-step motor means whereby said va-
riable speed gear will be caused to revolve
said turret to compensate for undesirable

-movements of the ship, and manually con-

trolled means for varying the qper_ation of
at least one of the instrumentalities included

in the cortrol of said first named step-by-

step motor means.

14. In apparatus of the class described, in
combination, a barbette, a turret mounted to
revolve within said barbette, a systemn of va-
riable speed gear, adapted to be power driv-
en and having mechanical conneetions inter-
posed between it and said barbette for re-
volving the turret, step-by-step motor means
for controlling the operation of said vari-

able speed gear, differential mechanism for
controlling the operation of said step-by- -

step motor means, gyroscopically controlled
step-by-step motor means working upon one
side of said differential, whereby the latter
is caused to operate said first named step-by-
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step motor means, and step-by-step motor
means whose operation is determined by a
lag in the movement of the turret or asso-
ciated parts, and operating on the other side
of said differential adapted to so vary the
operation of the latter as will compensate
for said lag or lost motion whereby the
movement of the turret will compensate for
undesirable movements of the ship.

15. In apparatus of the class described, in
combination, a barbette, a turret mounted to
revolve within said barbette, consisting of
power driven variable speed gearing me-
chanically connected to said turret and said
barbette, so as to rotate the former, step-by-
step motive means for controlling the opera-
tion of said variable speed gearing, gyro-

70
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scopically controlled differential mechanism, -

including step-by-step motive means adapt-
ed to determine the operation of said first

named step-by-step motive means, whereby

said variable speed gear will be caused to
revolve the turrét to compensate for the un-
desirable movements of the ship, and a pair
of indicator pointers having a ‘common axis
of rotation, the operation of one of which
is controlled by the turret operating means,
and the other by the turret itself.

16. In apparatus of the class described, in
combination, a barbette, a turret mounted to
revolve within said barbette, a system of
power driven variable speed gearing, driv-
ing connections interposed between said va-
riable speed gearing and the barbette, where-
by said ‘turret is revolved within the latter.
step-by-step motive means for controlling
the operation of said variable speed gear-
ing, differential mechanism for controlling
the operation of said step-by-step motive
means, gyroscopically controlled: step-by-
step motive means working upon one side of
said differential mechanism, whereby the lat-
ter is caused to operate said first named
‘'step-by-step motive means and step-by-step
motive means whose operation is determined
by a lag in the turret operating means, which
operates upon the opposite side of said dif-
ferential mechanism, adapted to so vary the
operation of the latter as will compensate
for said lag or lost motion, whereby the tur-
ret will compensate for: the undesirable
movements of the ship, two pairs of indica-
tor pointers, the pointérs of each pair of
which are in registry when the turret op-
erating mechanisin has moved the latter 1o
compensate for undesirable movements of
the ship. ‘ .

17. In apparatus of the class described, in
combination, a barbette, a turret mounted to
revolve within said barbette; a system of
power - driven- | variable speed gearing,
driving connections - interposed  between
said. variable speed - gearing and -the
barbette; whereby said turret is revolved
within the latter, step-by-step motive means
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for controlling the operation of said vari-
able speed gearing, differential mechanism
for controlling the operation of said step-
by-step motive means, gyroscopically con-
trolled step-by-step motive means working
upon one side of said differential mecha-

- nism, whereby the latter is caused to operate
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.indicator of each pair bein

said first named step-by-step motive means
and step-by-step motive means whose op-
eration 1s determined by a lag in the turret

operating means, which operates upon the -

opposite side of said differential mechanism,
adapted to so vary the operation of the lat-
ter as will compensate for said lag or lost
motion, whereby the turret will compensate
for the undesirable movements of the ship,
two pairs of indicator pointers, the indica-
tors of each pair being mounted upon a
a commion axis of rotation, one of the indica-
tor pointers of each pair being operated by
the turret, and one indicator of each pair
being operated by the turret operating
mechanism, indicator pointers of each pair
being in registry when the turret has been

moved to compensate for undesirable move--

ments of the ship. ,

18. In apparatus of the class described, in
combination, a member to be trained adapt-
ed to be mounted upon shipboard, a revolu-
ble turret also mounted upon shipboard, an
electric motor adapted to control the opera-
tion of said member to be trained to compen-
sate for undesirable movements of the ship,
gyroscopic means working in one plane
adapted to control the action of said motor,
gyroscopic means operating in a different

plane adapted to control the movement of

the turret to compensate for undesirable
movements of the ship, and manually con-
trolled means for varying the operation of
each of said gyroscopic means.

19. In apparatus of the class described,
in combination, a turret suitably mounted
to revolve upon shipboard, power driven
means for rotating said turret to compen-
sate for undesirable movements of the ship,
means operating through said power driven
means to compensate for lost motion or lag

in the movement of the turret, two pairs of -

indicator pointers, and the pointers of each
pair rotating upon a common axis, one indi-
cator pointer of each set being controlled by
the movements of the turret itself, and one
controlled ‘by
said last named means, said indicator point-
ers when lying in registry determining the
fact that the turret has been turned to com-
pensate for undesirable movements of the
ship, and a firing circuit adapted to be
closed by each pair of said indicator point-
ers when they lie in registry.

20. In an apparatus of the class described,
a movable support, a member to be trained
adapted to be mounted on said -support,
means for operating said member including

21

a variable speed gear, a motor for control-
ling said gear, hand-operated means adapt-
ed to control said motor for setting the
member in position, and means adapted to

-control said motor jointly with said last-

named means for maintaining said member
in set position regardless of movements of
the support. S '

21. In an apparatus of the class described,
a movable support, a member to be trained
adapted to be mounted on- said support,
means for operating said member includ-
ing a motor, a differential adapted to con-

trol said motor for setting the member in

position and for maintaining said member
in set position' regardless of movements of
the support, hand-operated means adapted

" to control one side of said differential for set-

ting the member in position, and means

-adapted to control the other side of said

differential for maintaining the member in

_set position. ' :

22. In an apparatus of the class described,
a movable support, a member to be trained
adapted to be mounted on said support,
means for operating said member including
a motor, a differential adapted to control
said motor for setting the member in posi-
tion and for maintaining said member in set
position regardless of movements of the sup-
port, hand operated means adapted to con-
trol one side of said differential for setting
the member in position, and means includ-
ing a gyroscope adapted to control the other
side of said differential for maintaining the
member in set position. .

23. In an apparatus of the class described,
a movable support, a member to be trained
adapted to be mounted on said support,
means for operating said member including
a variable speed gear, a motor for control-
ling said gear, means adapted to control
said motor for setting the member in' posi-
tion, and means adapted to control said
motor jointly with said last-named means
for maintaining said member in set posi-
tion regardless of movement of the sup-
port.

24. In an apparatus of the class described,
a movable support, a member to be trained
adapted to be mounted on said support,
means for operating said member including
a motor, a differential adapted to. control
said motor for setting the member in posi-
tion and for maintaining said member in
set position regardless of movements of
the -support, means adapted to control one
side of said differential for setting the
member in position, and means including a
gyroscope adapted to control the other side
of said differential for maintaining the
member in set position. ' .

25. In an apparatus of the class de-
scribed, a movable support, a turret adapted
to be mounted on said support, means for
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- operating said turret including a variable

speed gear and a motor for controlling said
gear, means responsive to movements of
the support for actuating said motor to
move said turret opposite to the movements
of the support, and means for increasing
the initial speed of said motor and for re-
ducing said speed as the turret approaches
the end of its movement.

26, In an apparatus of the class described,
a movable support, a turret adapted to be
mounted on said -support, means for operat-
ing said turret including a variable speed
gear and a motor for controlling said gear,
a differential operatively connected to said
motor, means responsive tc movements of
the support, said last named means being
connected to one side of the differential and
means also responsive to movements of the
support and connected to the other side of
the differential for increasing the initial
speed of said motor.

27. In an apparatus of the class described,
a movable support, a turret adapted to be
mounted on said support, means for oper-
ating said turret. including a variable speed
gear and a motor for controlling said gear,
a differential operatively connected to said
motor, a motor connected to one side of the
differential, means whereby said last named
motor is responsive to movements of said
support, 2 motor connected to the other side
of the differential also responsive to move-
ments of the support for increasing the ini-
tial speed of said first named motor.

28. In an apparatus of the class described,
a movable support, a turret adapted to be
mounted on said support, means for oper-
ating said turret including a variable speed

gear and a motor for controlling said gear,

a differential operatively connected to said
motor, a motor connected to one side of the
differential, means whereby said last named
motor is responsive to movements of said
support, a motor connected to the other
side of the differential also responsive to
movements of the support for increasing the
initial speed of said first named motor, and
means whereby the movement of the turret
gradually slows down said last named
motor.
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29. In an apparatus of the class described,

-a novable support, a sighting instrument

nmounted on said support, gyroscopic means,
means including a differential controlled by
said gyroscopic means for stabilizing said
instrument in elevation, and manually oper-
able means acting through said differential
to control said instrument in elevation
jointly with said gyroscopic means,

30. In an apparatus of the class des:ribed,
a movable support, a sighting instrument
mounted on said support, means including
a differential for controlling the movements
of said instrument in elevation, automatic
means controlling said differential for
stabilizing said instrument in elevation, and
manually operable means acting through
said differential for controlling said instru-
ment in elevation jointly with said auto-
matic means.

31. In an apparatus of the class described,
a turret, turret operating means including a
motor, a remotely located sighting instru-
ment, means including a differential where-
by the movements of said instrument in
azimuth are transmitted to said motor, auto-
matic means acting through said- differ-
ential for stabilizing said instrument and
said turret in azimuth, and manually oper-
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able means acting through said differential .

for controlling said instrument and said

turret in azimuth jointly with said auto-
matic means. -

32. In an apparatus of the class described,
a turret, turret operating means including
a motor, a remotely located sighting instru-
ment, means including a differential where-
by the movements of said instrument in
azimuth are transmitted to said motor,
gyroscopic means acting through said dif-
ferential for stabilizing said instrument and
said turret in azimuth, and manually oper-
able means acting through said differential
for controlling said instrument and said
turret in azimuth jointly with said gyro-
scopic means. :

In testimony whereof, we affix our signa-
tures.

1}{. FARRELL.

S.
M. R. McNEILL.



