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This invention relates to the art including
power-operated gun turrets, especially for air-
craft.

Up to the present time; the gunner on an air-

" plane has had to manually manipulate his gun to

direct it toward the target. This becomes quite
inconvenient when the target has a position which
may vary completely through 360° in azimuth,
since the gunner can not move himself and his
gun completely. around without undue contortion
and inconvenience,

According to the present invention, gun turrets
are provided which swivel completely around 360°
in azimuth under control of the gunner. The
gunner himself is carried around by these turrets,
the guns also being mounted in the turret and
carried in azimuth by the turret. In elevation, the
gun may be controlled independently of the tur-
ret, or, alternatively, the turret may also rotate
in elevation, in which case the guns remain fixed

‘with respect to the turret.

Accordingly, it is an object of the present inven-
tion to provide improved power-operated gun tur-
rets for aircraft.

It is another object of the present invention to
provide an improved gun turret for atreraft which
may rotate completely through 360° in aziniuth.

It is still another object of the present inven-
tion to provide an improved gun turret for air-
craft adapted to carry & gunner within the turret.

It is a further object of the present invention to
provide an improved gun turret adapted to con-
tain a gunner, and having guns fixed within the
turret, the turret being rotatable both in eleva-
tion and in azimuth.

It is still another object of the present inven-
tion to provide improved control apparatus for
power-operated aircraft gun turrets.

Further objects and advantages of the present
invention will become apparent from the follow-

_ ing specification and drawings,

In the drawings,
Fig. 1 shows a general view of an aircraft show-
ing typieal locations for the turrets of the present

‘invention.

Fig. 2 is an elevational view partly in cross sec-
tion of a typical upper turret of the present in-
vention.

Fig. 3 is a cross sectional detail of Fig. 2 taken
along lines 3—3 thereof.

Fig, 4 shows a perspective schematic view of a
suitable form of turret control for the turret of
Fig, 2. :

Fig. 5 shows a schematic perspective view of the
limit stops and fire cut-off device of Fig, 4.
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Figs. 6 and 7 show two elevational views taken .
at right angles to one another of a typical lower
turret of the present invention.

Fig, 8 shows a schematic view of & control sys-
tem suitable for the lower turret of Figs, 6 and 7.

Pig, 9 shows a detailed schematic view of the
limit stops and control unit for the control sys-
tem of Fig. 8.

Fig. 10 schematically illustrates g variable speed
hydraulic transmission unit or servo. )

Referring to Fig. 1, reference numeral | indi-
cates a general outline of an aircraft suitable for
mounting the gun turrets of the present invention,
On aireraft | is-shown an upper turret 3 and a
lower turret 5. As will be described below, the
upper turret 3 is adapted to rotate completely
around 360° in azimuth, while the guns, being car-
ried in azimuth with the turret, are independently
rotated in elevation under control of the gunner,
who is situated within the turret and is carried in
azimuth with the turret. Lower turret § is also
rotatable through 360° in azimuth, and is fur-
thermore rotatable through 90° in elevation,
under control of the gunner who is carried by and
revolves with the turret both in elevation and azi-
muth, The guns here are fixed with respect to
the turret.

Referring to Fig. 2, Wthh shows an elevation
view of the upper turret a rotatable platform T.
is mounted on the craft | shown in outline by
dotted line 9, as by a thrust bearing fi. Platform
1 is adapted to support the gunner, who stands
thereon. Platform 7 also supports the entire
turret and gun mechanism. Thus, struts 13 are
provided, fastened at one end to platform T and
carrying the turret and turret control mechanism
at their other end. The turret mechanism is
mounted in a supporting housing or ring 15. A
further supporting member 17 is rigidly fastened
to the aircraft and carries a roller bearing sur-
face 19 and an azimuth gear 2{. Pivoted in hous-
ing 15 are rollers, one of which is shown as 23 in
Fig. 3, which are adapted to roll on the fixed roller
bearing surface 19 and thereby prevent lateral
movement of the turret without hindering rota-
tion. Meshing with azimuth gear 2{ is the azi-
muth driving pinion 25 pivoted within casing 5,
as about an axis 21. As will be described, rota-
tion of azimuth pinion 25 under control of the
gunner causes the entire turret to rotate in azi-

“muth,

Supported in the upper portion of the turret
are the guns 28, shown in this instance as two in
number, Guns 29 are adapted to rotate in eleva-

tion about a horizontal axis within gun slots 31
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provided in the upper portion or hood 33 of the
turret. Hood 33 is made of bullet proof trans-
parent material, which may, for instance, be the
material known commercially as “Plexiglas,” and
thereby permits the gunner a wide field of ob-
servation. A portion 35 of hood 83 located be-
tween the guns 29 is made of flat transparent ma-
terial in order that no optical distortion of the
line of sight will be caused. During operation of
the turret, the gunner stands on platform 1 with
his head within hood 33 between guns 29 and
opposite flat portion 35,

10

Also located between guns 29 is the computing

gun sight 37 as shown In Fig. 4. This sight-
computer may be and preferably is of the form
shown in copending Holschuh-Vielehr applica-
Jtion Serial No. 358,382, filed September 26, 1940,
and which matured into United States Patent No.
2,396,701, issued March 19, 1946, in which the
position of the sight in .elevation and azimuth
corresponds to actual gun elevation and gun azi-
muth, while the optical axis of the sight is offset
from the sight position by the computed gun cor-
rections. Gun sight 37 has its optic 38 placed at
the eye level of the gunner.,
" Below guns 29 and gun sight 37 is the control
unit comprising a handle-bai type control 39
_adapted to be rotated both in azimuth and in ele-
vation. Rotation of handle-bars 39 in azimuth
ahout axis 41 as shown by the arrow in Fig. 4
- will cause translation of link 43, thereby actuat-
ing a crank 45 and translating a further link 47.
Connected to link 47 is a spring centralizing de-
vice 49 of any suitable type, which acts to return
the handle bar control 39 to its neutral or zZero
position when released by the gunner. Transla-
tion of link 41 causes a rotation of shaft 51 by
means of crank arm 53. Connected to the end
of shaft 51 is a gear 55 mounted eccentrically
thereon. Gear 55 meshes with a gear 51 and
thereby rotates a shaft 59 in response to actua-
tion of the control 39. Gear 55 is kept in engage-
ment with gear 57 by a spring 58.
Eccentric gear 55 mating with gear 57 provides
a type cf non-linear motion transmitting device
by increasing the ratio of the rotation of gear 57
to the displacement of link 47 thereby increasing
the rate at which the velocity of the turret in-
creases as the displacement of control handles 39
increases. ‘These gears are so adjusted that &
given displacement of control 39 provides a small
change in turret velocity when near the zero azi-
muth rate position, and a large change when the
turret is moving rapidly. Thus the gunner is pro-
vided with a sensitive and accurate control for

tracking purposes, as well as a rapid control for

slewing where sensitivity is not needed. )

Referring to Fig, b, wherein the fire cut-off and
limit-stop unit is shown more in detail, it wi.l be
seen that shaft 59 is connected to a worm and
worm wheel arrangement 61 whereby it rotates
shaft 63. Connected to shaft 63 is a detent mech-
anism 65 which merely serves to indicate to the
" operator when the control is in the central or zero
position by means of the tactile resistance offered
to displacement of the control 39 from this po-
sition. Shaft 63 actuates a further shaft 67
through beveled gearing 69. Shaft 67 thereupon
controls the A-end 12 of a conventional variable
speed hydraulic transmission unit of the “Vickers”
type driven by a motor Tl. For a descrintion of
one form of drive suitable for this purpose, refer-
‘ence may be had to Patent No. 2,189,823, issued
February 13, 1940, to H. P, Vickers et al.

For illustrative purposes, we have shown in Fig.
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10 a schematic represeintation of one form of hy-
draulic servo which may be employed in the pres-
ent invention. This type of servo comprises an
“A-end” and a “B-end,” indicated generally at
12 and 173, respectively. The A-end constitutes a
variable displacement fluid pump which is driven
by the electric motor 71, preferably of a constant
speed tyve, and the B-end comprises a hydraulic
motor which is driven by the fluid delivereg from
the A-end through the connecting pipes 12a and
12b. The interior construction of the A-end may.
be best understeod by referring to U, S. Patent
No. 2,177,098, issued to T. B. Doe et al., and in-
cludes a tilting box which is movable to vary the
displacement of the pump cylinders. In Fig, 10,
the displacement of the pump is varied by means
of the lever T2¢ which is connected by means of
link 72d with a crank arm 6Ta which is secured
to the operating shaft 67. In other words, an
actuation of the handlebar control 39 about the
axis 41 will effect rotation of control shaft 67 in

. one direction or ‘the other thereby varying the
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magnitude of displacement of the cylinders within
the A-end of the hydraulic servo. It will be un~
derstood that movement of the lever arm 12c¢
from a neutral position in which the pump des
livers zero output and in one direction or the
other will cause the B-end of the servo to drive
in one direction or in the opposite direction,

The output of the B-end 13 of the Vickers unit
rotates a shaft 79 which, through clutch 87 and
gearing 17, actuates a further shaft 79. Con-
nected to shaft 79 is the azimuth pinion 25 which
meshes with the azimuth gear 21 and thereby ro-
tates the entire turret in azimuth., Also con-
nected to shaft 79 is a worm wheel 81 which is
adapted to be engaged by a disengageable worm
83.driven by hand wheel 85. Hand wheel 85 there-
by provides a manual control of the turret in azi-
muth should the hydraulic apparatus be ineffec-
tive for any reason. Worm 83 also acts as a tur-
ret lock when engaged. Cluich 81 is provided to
disconnect the hydraulic apparatus when man-
ual control is used.

Rotation of control handles 39 in elevation
causes a reciprocation of link 91 which thereby
rotates crank 93 and actuates a link 95. Link 91
is rotatably fastened to controls 39 to permit ro=
tation in azimuth. Link 95 rotates a crank 87
and thereby actuates link 89. A centralizing de-
vice 10! similar to 49 is provided for link.89 to
insure that the control handles 39 will return to
their neutral or zero elevation position when re-
leased by the gunner. Link 89 operates, through
crank 103, eccentric gear {05 and-mating gear
101, to rotate a shaft 109. Eccentric gear 105

_provides a non-linear motion transmitting device,

similar to gear 55, and is urged against its mating
gear 101 by spring 58. Shaft 109, through worm
and worm wheel 111, and beveled gear 113, ac-
tuates control shaft 15 which, in turn, controls
the A-end 1IT of the elevation Vickers unit,
driven from the same motor 71 as the azimuth
Vickers unit.” A detent mechanism 119 is pro-
vided similar to detent 65.

The output of the B-end 121 of the elevation
Vickers unit actuates a shaft 123 and thereby
rotates a shaft 125 as through clutch 124 and
beveled gearing 121. Shaft 125 is adapted to turn
two gear sectors 129 through gearing 131. Con-
nected to the common shaft 133 of gear sectors
129 are the guns 29. Hence, rotation of the con-
trol handle-bar 39 will operate to rotate guns 29
in elevation about shaft 133. )
- A handwheel 126 is provided for manual con-
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trol of the turret in elevation if desired. This

‘handwheel 126 actuates shaft 125 through worm '

and worm wheel 128. Worm 128 is adapted to dis-
engage its worm wheel when control unit 33 is in
use, and provides a turret lock when engaged.
In view of the use of these Vickers ‘variable
speed units, it will be seen that a displacement

 of the control unit 39 represents a change in the -

velocity or rate of motion of the guns in eleva-
tion or azimuth. Therefore, the handle-bar con-
trol unit 39, both in azimuth and elevation, rep-
resents a rate control of the guns 29.
Mounted on fixed supports (not shown) be-
tween guns 29 is the gun sight and computer 31.
Gun sight 37 is adapted to be rotated by the
shaft 135 by means of linkages {37 connecting it
with shaft 133. As the gun is rotated in eleva-
tion by shaft (33, the gun sight and computer
unit 37 is correspondingly rotated by the shaft
135, which is parallel to the shaft 133. In this
way, the gun sight and computer unit 37 is ro-
tated in elevation together with guns 29 and is
maintained parallel to guns 29 at all times. 'The
elevation data necessary for the computer is ob-
tained from shaft 125 by means of beveled gears
. 139, flexible shaft 141, beveled gears 143, and
- flexible shaft (45, which connects directly into
sight 37, The azimuth data necessary for the
sight 37 is obtained from shaft 79 through pinion
. 26, pinion 147, pinion (49, and flexible shaft {51,
which connects into the sight 31. The range data
necessary for sight 37 is obtained from a range

. control knob 153 located between handle bars 39
and adapted to be actuated by the thumbs of the
gunner, whose hands are clasping the handle bars
of conirol 39. The range knob 53 is connected
into sight 37 by means of beveled gears 155 and
flexible control shaft 157, In this way, the data

" necessary for.computation of prediction and bal-
listic corrections within the sight 37 are pro-
vided. . : )

Sight 37 is preferably of the type shown in ap-
plication Serial No. 358,382, now U. S. Patent No.
2,396,701, in which the optical line of sight de-

- viates from the actual gun orientation by the
corrections needed to assure proper training of
the guns. 'Hence, in operating the turret, the

- gunner merely keeps the target centered on his

sight optic by manipulation of controls 39 and

153. In this way, the guns 29 are correctly

oriented toward the future position of the target,

" and are compensated for the necessary ballistic
correctlons. ' ’

Since the turret is adapted to rotate completely

through 360° in azimuth, no limit stops are nec-
essary in azimuth. However, in elevation, the
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a worm wheel 165 also carrying & projection (67,
Projections 161 and 467 are adapted to contact
one another when plate 169 and worm wheel
165 are properly positioned.

In operation, the various gear ratios are so
adjusted that worm wheel 165 can attain the
position corresponding to zero elevation or 90°
elevation only when projection 161 is in the po-
sition corresponding to zero elevation rate. If
projection t61 is not in a position corresponding
to zero elevation rate, then as the elevation of
the gun increases to 90°, or decreases to zero de-
grees, projection 167 will engage projection 161
and will carry projection 161 and therefore shaft
109 and shaft {15 to the position corresponding
to zero elevation rate. Since shaft 115 is di-
rectly coupled to the control member in the A-
end of the Vickers elevation unit, it will be seen
that in this way the action of the guns in reach-
ing its extreme positions, zero or 90°, actually
causes the guns to slow down and stop before
reaching their absolute extreme positions. How-
ever, it is still possible to move the guns in the
reverse direction at full rate, since actuation of
controls 39 to full opposite rate immediately
moves projection 161 away from (61, and no
hindrance exists until projection 167 has moved
around in the opposite direction to again engage
i61, at the position corresponding to the opposite
permissible limit. )

In addition to the above safety feature, it is
desirable to cut off the fire of the guns when the
guns are oriented within certain sectors of the
hemisphere in which the guns can be oriented,
in order that the gun fire shall not strike pro-
truding portions of the aircraft. For this pur-
pose, a plate 169 is oriented in azimuth under .
confrol of the azimuth servo of the turret by
means of a pinion 147 meshing with the azimuth
pinion 25 and actuating a shaft 171 which drives
the plate 169 through a pinion {13 meshing with
gear teeth 115 formed on or fastened to plate
{69. 'The upper portion of plate (69 is formed
in effect as a cam surface on which a cam fol-
lower (717 rests. Cam follower 77 is adapted to .
be translated along a diameter of plate {68 by

" means of bracket 179 connected to a rack (81 by

66

gun has only a restricted angular travel or a pre- .

determined range of movement, which is approx-
imately between zero elevation-and 90° elevation.
In order to assure that the gun will not injure
its mounting at the extremes of its travel, it is
necessary to provide means to cause the gun to
be stopped before reaching the absolute extremes
of travel, 'This mechanism is shown in Fig. 5.

As has been described, shaft 109 is rotated in
.. accordance. with the rotation of control unit 39
in elevation, and controls the A-end of the ele-
vation Vickers unit. It therefore represents by
its angular position the angular rate of change
of gun elevation. As has also been described,
shaft 141 is rotated by shaft 125 which repre-
sents the. actual elevation of the gun. . As shown
in Fig. 5, shaft 109: is connected directly to a
plate 159 which carries a projection 161, Shaft
141 is connected to a worm 163 which rotates
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) of plate 169 under control of rack {8l.

means of rotatable joints 183. In this way, cam
follower 171 will be translated along a diameter
Rack
181, in turn, is actuated in accordance with gun
elevation by means of shaft {41, worm and worm
wheel i85, and pinion 187. Therefore, the posi-
tion of cam follower {17 with respect to plate 169
is in a one-to-one correspondence with the orien-
tation of the gun in space.

Plate 169 is formed to be generally flat except
for certain raised portions 189, joined to the flat
portion by a suitable bevel {91. The raised por-
tion 189 is formed to correspond to those sec-
tors of the hemisphere of possible gun orienta-
tions in which it is desired that gun-fire should
be cut off. The firing of guns 29 is controlled

- electrically by means of solenoids (not shown)

energized by a battery (80 under the control of
firing keys mounted on the control handles 39.
The raising of cam follower {77 upon raised por-
tion (89 of plate (69 in response to orientation of
the gun within the particular sector in which
gun-fire is to be cut off causes a pin (93, which
rides on bracket (19, to be lifted, thereby re-
ciprocating shaft 195 and actuating sealed
switch 197 which interrupts the firing circuit of
the fire solenoid connected to the guns. In this
way, gun-fire is cut off in response to orienta-
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tion of the guns within certain specified or pre-
determined sectors. If desired, a depressed por-
tion could be substituted for raised portion (89,
also actuating switch 197 as before.

In operation, the control handle 39 is adjusted
by the operator to bring the sight 87 onto a
target. Movements of the control handle cause
the Vickers unit to move the turret and the guns
in azimuth and to adjust the elevation of the
guns relative to the turret. Orientation and rate
data supplied to the sight 37 is utilized to com-
pute a lead angle and adjust the optic 38 to off-
set the line of sight relative to the guns, although
the unit 37 and the guns remain in parallel po-
sitions at gll times. The operator may fire the
guns whenever he is “on” the target unless there
is danger of hitting a protruding portion of his
own ship, in which case the firing circuit is
interrupted by the cam-operated switch 1987,
When the gun approaches the 1imit of its move-
ment in elevation, its velocity is gradually de-
creased by the co-action of projections 161 and
{67 to reduce the speed at which the Vickers unit
drives the guns.

Referring now to Figs., 6-9 which show fea-
tures of the lower, or ball, turret 5, Figs. 6 and
7 show the means for supporting the ball tur-
ret 5. A rotatable support 201 has one portion
203 rigidly fastened to the aircraft and hanging
therefrom is a rotatable supporting structure
. 205 adapted to support the entire hall unit. An

azimuth gear 207 and roller arrangement sim-
ilar to that shown in Fig. 3 is also provided. In
this case, the azimuth gear 207 is completely
outside the turret. - The azimuth pinion 209
which drives the turret with respect to azimuth
gear 207 is connected to the control mechanism
inside the turret by means of shafts and gear-
ing indicated generally at 211 which pass through
the hollow trunnion mounting 23 of the turret.
Turret 5 is adapted to be rotated in elevation
about the trunnions 213 and in azimuth within
. azimuth gear 207. At the outside of turret B is
placed a cam member 215 which is adapted to
actuate the fire cut-off switch whenever the tur-
ret position corresponds to the zone of unde-
sired gun fire, The actuating mechanism is not
shown in detail, but operates from g pin 217
which is adapted to be actuated by cam mem-
ber 215 when the turret moves into the zone of
undesired gun-fire, :
Referring to Fig. 8, the contro]l handles 239
and 239’ having the firing keys 241 and 24{’,
respectively, at their ends are shown mounted
from a control unit 219. Control unit 219 is
placed immediately above the gun sight and
computer 221 having an optic 223. The output
of control unit 219 in elevation is obtained from
shaft 225 and in azimuth from shaft 221.. These
shafts are shown schematically coupled as by
links 229 and 231 to the respective A-ends of
the elevation and azimuth Vickers variable speed
units 233 and 235. The output of the azimuth
Vickers unit 235 rotates g shaft 237 and thereby
actuates azimuth pinion 238, which meshes with
azimuth gear 207 ang thereby drives. the tur-
ret § in azimuth. The output of the elevation
Vickers unit 233 actuates a shaft 240 and there-

by actuates the elevation pinion 243 which en-.

gages a fixed elevation gear sector 245 and there-
by drives the turret in elevation.

The elevation data for the sight 221 is obtained
from a pinion 241 engaging a gear sector 248
connected to gear sector 245, and thereby trans-
mits its motion through flexible shaft 251 to the
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sight 221. The azimuth data is transmitted to
the sight 221 by means of flexible shaft 253
coupled to shaft 237 as by beveled gears 255.  The
range dats for sight 221 is obtained from the
range control foot pedal 257 which transmits its
data to sight 221 through a flexible shaft 2589.

Guns 26t are rigidly mounted within turret 5§
and moved with turret 5 both in elevation and
azlmuth. The gunner is positioned within the
turret b with his eye opposite the optic 223, and
his hands grip controls 239 and 239’ over his
head, with his thumbs placed over the firing keys
241 and 241’. The range control 257 is actuated
by the gunner’s foot.

The actual mechanism for controlling turret §
is very similar to that shown ih Fig. 4 and is in-
dicated only schematically here. The control
unit 219 is shown more in detail in Fig. 9. The
two control handles operate identically to con-
trol the movements of the turret. Hence a de-
scription of the mechanism associated with the
handle 238 will suffice for both handles 239
and 23%’. Here control handle 239 is fastened
to & pinion 263 which meshes with a circular
rack 265. Hence rotation of control handle 239
about horizontal axis 267 causes reciprocation of
shaft 269 fastened to rack 265 and thereby,
through a second circular rack and pinion 271,
rotates shaft 273. Coupled to shaft 213 as by
gearing 2715 is shaft 2717 which carries a yoke
or clevis 219 in which rides a pin 281 connected,
in turn, to a crank arm 283. The centers of
clevis 278 and crank 283 are displaced, whereby
rotation of shaft 277 produces a corresponding
but non-linearly related rotation of shaft 285
connected to crank 283, thereby obtaining sensi-
tive control for tracking and rapid control for
slewing, as in the upper turret. A centralizing
unit 288 is provided to assure that the control
handle 239 will return to the position of zero
elevation rate when released.

Shaft 285 is connected to a shaft 225 by gear-
ing 286. Shaft 225 transmits its motion to link
229, which controls the elevation Vickers unit
A-end and thereby controls the rate of rotation
of turret 5 in elevation.

Also fixed to shaft 225 is a plate 288 carrying
a projection 290, which form one part of an ele-
vation limit stop similar to that shown in Fig.
5. Riding freely on shaft 225 is a second plate
292 also carrying a projection 294 adapted to
engage projection 290. Plate 292 is formed as a
worm wheel, and is driven by a worm 296 which
is driven in turn by -a flexikle shaft 298 which
rotates in accordance with gun elevation, being
driven by pinion 300 meshing with pinion 247, As
explained above, this elevation stop unit serves
to reduce the turret elevation rate to zero as the
limits of its traverse in elevation are approached.

Rotation of control handle 239 in azimuth
causes the rotation of the casing 291 surround-
ing circular rack 265 and thiereby rotates gear
293 connected to housing 29!. This rotates,
through gearing 295, a further shaft 297 to which
is coupled, as by gearing 299, to a shaft 301 car-
rying clevis 303 in which pin 305 slides. Crank
307 fastened to pin 305 operates to rotate shaft
309 and thereby control the azimuth A-end of
the Vickers unit through shaft 227 and link
231.. A spring centralizing device 311 is also in- -
serted in shait 297. Clevis 363, pin 305, and
crank 307 operate to yield a non-linear relation-
ship between the rotations of shaft 30{ and 309
in much th~ same fashion as eccentric gear ar-
rangements 55 and 105 in Fig. 4.
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The operation of the ball turret is similar to
the previously described operation of the upper
turret. Control handles 239 and 239’ are ad-

justed by the operator to move the turret in azi-

muth and in elevation in a manner to direct the
line of sight from the optic 223 toward the tar-
get. Movements of the handles about® verti-
cal and horizontal axes control the Vickers unit
to drive the turret in azimuth and elevation. As
the turret approaches the limit of its elevation
movement, projections 290 and 284 co-act to
gradually reduce the speed of the Vickers unit.
Cam member 215 automatically opens the firing
circuit to prevent the guns from firing when there
is danger of hitting a portion of the craft in
which they are mounted. Orientation and rate
data are supplied to the sight and computer unif
221 and are utilized therein to compute a lead
angle by which the optic 2238 is adjusted to ofi-
set the line of sight relative to the akis of the
guns. Thus the operator within the turret moves
the entire turret, including the guns, the sight,
and himself, to a.im the guns at the target.

As many changes could be made in the -above
construction and many apparently widely differ-
ent embodiments of this invention could be-mmade
without departing from the scope thereof, it is
intended that all matter contained in the above

description or shown in the accompanying draw- -

ings shall be interpreted as illustrative and not
in a limiting sense.

Having descnbed ourinvention, what is claimed
is:

1. A power operated gun mounting comprising

-a support, a gun carried by sald support and

adjustable relative thereto, driving means for po-

_sitioning said gun throughout a predetermined

range of movement, a device for controlling the
speed of said driving means, and means for au-
tomatically controlling the speed of said driving
means, said last mentioned means including two
cooperable and normally independently position-
able members, a first thereof being connected with
said device and positioned in accordance with the
speed of sald driving means and the second be-
ing connected to move with said gun and to be
positioned in accordance with gun position, said
second member being adapted to engage and
move said first member to reduce the speed of
said driving means while movement of said gsun
through an end zone of said range and toward

one end thereof occurs.

2. A power operated gun mounting comprising
a support, & gun carried by said support and ad-
justable relative thereto, driving means. for po-

- sitioning said gun throughout a predetermined

range of movement, a device. for controlling the
speed of said driving means, and means for au-
tomatically adjusting said device to control the
speed of said driving means, said last-mentioned
means including two cooperable and normally
independently Dpositionable members, g first
thereof heing connected with said device and po-
sitioned in accordance with the speed of said driv-
ing means. and the second being connected to
move with said gun and to be positioned in ac-
cordance with gun position, said second member
being adapted to engage and move said first mem-
ber to reduce the speed of said driving means
while movement of said gun through an end zone
of said range and toward one end thereof occurs.

: 10
a device for controlling the speed of said driving
means, & first means connected with sald.device
for operating the same, and s second means mov-
able with said gun for automatically operating
said device, said second means including two co-
operable and normally independently positionable
members, means for connecting g first of said

" members with said device whereby to be posi-
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tioned in accordance with the speed of said driv-
ing means, and means for connecting the second
member to move with sald gun whereby to be po-
sitioned in accordance with gun position, said sec-
ond member being adapted to engage and move .
said first member to reduce the speed of said driv-
ing means while movement of said gun through an
end zone of said range and toward one end there-
of occurs.

4, A power operated gun mounting comprising

" a rotatakly mounted gun turret, driving means
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for rotating said turret, means for controlling the

‘rate of said driving means comprising a control

device movable through a displacement range and
transmission means for effecting progressively
greater changes in the rate of said driving means
per unit of displacement of said device as said de-
vice is moved in one direction through said range,
and means for automatically controlling the speed
of said driving means, said last-mentioned means
including two cooperable and normally Independ-
ently positionable members, a first thereof being
connected with said device and positioned in ac-
cordance with the speed of sald driving means

-and the second being connected to move with said

gun and to be positioned in accordance with gun
position, said second member being adapted to
engage and move said first member to reduce the
speed of said driving means while movement of
said gun through an end Zone of said range and
toward one end thereof ocecurs.

5. A power operated gun mounting compris-
ing & rotatably mounted gun turret, driving
means for rotating said turret, means for con-
trolling the rate of said driving means, a displace-
able control device and s gear transmission con-
nected between said device and last-mentioned
means, said transmission including an eccen-
trically mounted gear, a gear adapted to mesh
therewith, and means for maintaining said gears
in mesh during rotation thereof,

6. A power operated gun mounting compris-
ing a rotatably mounted turret, a gun carried by
said turret, driving means for positioning said
gun throughout a predetermined range of move-
ment, a device for controlling the speed of said
driving means, @ first means connected with said

_ device for operating the same, and a second

60
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3. A power operated gun mounting comprising

a Fotatably mounted turret, s gun carried by said
turret, driving ‘means for positioning said gun
throughout g predetermined range of movement,

means movable with said gun for automatically
operating said device, said second means includ-
ing two cooperable and normally independently

positionable members having a common axis of

rotation, means for connecting a first of said
members with said device whereby to be posi-
tioned in accordance with the speed of said driv-
ing means, and means for connecting the second
member to move with said gun whereby to be po-
sitioned in accordance with eun position, said sec-
ond member being adapted to engage and move
said first member to reduce the speed of said driv-
ing means while movement of said gun through
an end zZone of said range and toward one end
thereof oCcurs.

7. A power operated gun mounting compris-
ing a rotatably mounted turret, a gun carried by-
said turret, driving means for positioning said

75 gun throughout a predetermined range of move-
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ment, & device for controlling the speed of sald

driving means, a first means for operating said
device, and a second means movable with said gun
for automatically operating said device, said sec-
ond means including two cooperable and normal-
1y independently positionable members, means for
connecting o first of said members and said flrst
device-operating means in parallel and to said
device in motion-transmitting relation, said first
member being thereby positioned in accordance
with the speed of said driving means, and means
for connecting the second member to move with
said gun whereby to be positioned in accordance
with gun position, said second member being
adapted to engage and move said first member to
reduce the speed of said driving means while
movement of said gun through an end zone of said
range and toward one end thereof occurs.

8. In power operated devices, a positionable ob-
ject, variable speed driving means for moving
said object throughout a predetermined range of
movement, dn actuatable device for controlling
the speed of said driving means in accordance
with the actuated position thereof, a first con-
trol means for normally controlling said device
and & second control means for gutomatically
controlling said device to control the speed of said
driving means during movement of said object in
the end zones only of ifs range of movement, said
second control megns including two cooperable
and normally independently positionable mem-
bers, means for connecting a first of said cooper-

able members with said device to position said -

member in accordance with the speed of -said
driving means and, reciprocally, to actuate said
control device when said member is moved and
means for positioning the second of said cooper-
able members in accordance with the position of
said object, sald second member being adapted
and arranged to engage and move said first mem-
ber whereby to reduce the speed of said driving
means while movement of said object through an
. end zone of said range and toward one end there-
of occurs, said members actuating said device to
its zero speed position when said object lies ad-
jacent the end of its range of movement,

9. In power operated devices, g positionable ob-
Ject, variable speed driving means for positioning
said object throughout o predetermined range of
movement, an actuatable device for controlling
the speed of said driving means, manually oper-
able means for actuating said device and means
for automatically controlling said device to con-
trol the speed of said driving means during move-
ment of said object in the end zones only of its
range of movement, said second control means in-
cluding two cooperable and normally independ-
ently positionable members, means connecting a
first of said members with said device to position
said member in accordance with the speed of said
driving means and reciprocally, to actuate said
control device when said member is moved, and
means for connecting the second of said members
to move with said object whereby to position said
second member in accordance with said object’s
position, said second member being adapted and
arranged to engage.and move said first member
whereby to reduce the speed of said driving means
while movement of said object through an end
zone of said range and toward one end thereof oc-
curs, said members actuating said device to its
zero speed position when said object lies adja-
cent the end of its range of movement.

10. In power operated devices, a positionable
object, variable speed driving means for moving

sald object throughout a predetermined rangef of
movement, a control device for controlling the
rate of said driving means, g first control means

movable through a displacement range and trans- .

mission means connecting said control means and
control device for effecting progréssively greater
changes in the rate of said driving means per unit
of displacement of said control means when said

" control means is moved in one direction through
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said range, and means for automatically con-
trolling the rate of said driving means during
movement of said object in the end zones only of
its range of movement, said last-mentioned means
including two cooperable and normally inde-
pendently positionable members, means con-
nected with said transmission means for position-
ing a first thereof in accordance with the speed
of said driving means and, reciprocally, to actu-
ate said control means through said transmission
means when said member is moved, and means
for positioning the second of sald members in ac-
cordance with the position of said object, said
second member heing adapted and arranged to
engage and move said first member to reduce the
speed of said driving means while movement of
said object through an end zone of said range
and toward one end thereof occurs, said members
actuating said device to its zero speed position
when said object lies adjacent the end of its range
of movement.

11. In power operated devices, variable speed
driving means for moving an object, a settable
member for varying the speed of said driving
means, & control device movable through a dis-
placement range, and transmission means con-
necting said control device to said settable mem-
ber, said transmission means including an eccen-
trically mounted gear, a gear adapted and ar-
ranged to mesh therewith, and means for main-
taining said gears in mesh during rotation there-~
of, said transmission means being so constructed
and arranged as to effect progressively greater
changes in the speed of said driving means per
unit of displacement of said control device as said
device is moved in one direction through said
range.

12. A power operated gun mounting comprising
a rotatably mounted gun turret, reversible hy-
draulic driving means therefor comprising & hy-
draulic motor connected to drive said turret and
a'reversible, variable displacement pump for sup-
plying fluid to said motor, a rotatable controller
for reversing and varying the displacement of said
pump having a substantially fixed ratio of output
speed of said motor in either direction to displace-
ment of said controller from a central zero speed
reference position, a rotatable manual control ro-

-tatable throughout a displacement range from a

central zero speed reference position, and a re-
versible, noh-linear motion transmitting means
for effecting a positive drive of its output in ac-

- cordance with operations of said manual control

o5

70
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in either direction of rotation and for providing
a progressively greater ratio of displacement in
its output to displacement of its input as said
manual control is moved from its zero speed ref-
erence position and in one direction through said
range, said motion transmitting means having a

rotatable input element connected for rotation.

by said manual control and a rotatable output
element connected to rotate said controller.

13. A power operated gun mounting comprising
a rotatably mounted gun turret, servo motor driv-
ing means for rotating said turret, a rotatable
controller for controlling the direction and speed
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of said motor having a substantially fixed ratio of
motor speed to displacement of said controller
from a central zero speed reference position, a
rotatable manual control rotatable throughout a
displacement range from a central zero speed ref-
erence position, and a reversible, non-linear gear
transmission means responsive to said manual
control for effecting a progressively greater ratio
of displacement in its output to displacement of
its input as said manual control is moved from
its zero speed reference position and in one direc-
tion through said range, the input of said trans-
mission being connected with said manual con-
trol and the output thereof being connected to ro-
tate said controller.

CARL G. HOLSCHUH.
LESTER C. WARNER.
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