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13 Claims,

The present invention relates to the art in-
cluding remiotely controlled power-operated de-
vices, such as gun turrets for aircraft.

One type of such a device is shown in copend-
ing application Serial No. 417,580, for Remote
alreraft turret control mechanism, filed Novem-
ber 1, 1941, in the name of W. C. Hartman, J. A.
Peoples, Jr., and H. L. Hull. The present inven-
tlon is concerned with improvements over the
type of device shown in the aforesaid copending
application, in that fine control is secured by
purely hydro-mechanical means.

The present invention is adapted for use with

a remote sighting station such as disclosed in co-.

pending application No. 411,186, for Inter-aircraft
gun sight-computer, filed September 17, 1941, now
abandoned, in the name of C. G. Holschuh and
D. Fram and also in copending application Ser.
No. 420,044, for Remote sighting stations, filed No-
vember 22, 1941, in the name of C. G. Holschuh
and D. Fram. Such sighting stations transmit, as
by remote position trtnsmitters, electrical data
for controlling the position or velocity of a remote
object.

The present invention is particularly concerned
with providing control means responsive to such
electrical control data for controlling the velocity,
and thereby the position, of a remotely controlled
device, such as a gun turret for aircraft. An im-
proved balanced hydraulic rotary follow valve is
provided which is adapted to be directly driven
by a fine remote position repeater energized by the
electrical control data. This valve provides a dif-
ferential hydraulic pressure output proportional
to the relative displacement between actual and
desired gun positions, and modified to provide an-
ticipation for changes in this displacement. This
differential pressure directly controls the speed of
the driven object. A coarse repeater is provided
2150 energized by the control data, which operates,
upon exceeding the control range of the fine re-
Deater, to replace the variable differential pres-
sure by & fixed high differential pressure, and
thereby provide maximum corrective effect.

In positioning gun turrets on aircraft, certain
considerations are present, such as effective de-
fense, stability requirements, weight distribution,
etc., which require positioning of the guns at
points of the aircraft, such as the tail, the wings,
the nose or fuselage, where the gun turret is pre~
vented from assuming all orientations in space by
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the obstruction of the surrounding craft on which .

it is mounted. Thus, a turret placed at the top
of the fuselage may be permitted to assume any
orientation in azimuth, but its orientation in ele-

vation may be restricted to the range from ver-
tically upwards to approximately the horizontal.
Also, a turret placed in the tail of an aircraft
might be restricted to approximately the rear
semi-circle in azimuth and from vertically up-
wards to vertically downwards in elevation. Simi-
larly, a turret placed in the wings of an aircraft is
restricted both in azimuth and elevation to a
particular solid angle of possible gun orientations.

In each of these cases, the particular limit of
rotation of the gun in one coordinate, such as in
elevation, is dependent upon the position of the
gun in the other coordinate, such as azimuth, or
vice versa. Thus, in the case of the upper or top
turret, the gun may assume lower elevations for
broadside directions than for longitudinal direc-
tions with respect to the craft.

The mounting of the gun and turret in the air-
craft and the fact that remote control is used,
necessitate placing of definite limits upon the
motion of the gun, generally both in azimuth and
elevation. Also, it is desirable to decelerate the
gun and turret upon approaching these limits so
that by the time the limit is obtained the gun
has slowed down to such a point, or has become
actually stopped, so that no physical damage will
result to the gun mountings. Such a limiting ac-
tlon must be provided independent of the con-
trol of the remotely situated sighting station: that
is, 14t must be a local control responsive to the
orientation of the gun and, as will be seen, to
the speed of the gun both in azimuth and eleva-
tion, and must overcome or supersede the remote
control.

It is furthermore desirable that, when the gun
reaches its limit in one coordinate, say, in eleva-
tion, it still will be under control of the remote
sighting station so far as the other coordinate,
such as azimuth, is concerned, while being con-
trolled by the limit device in elevation. In this
way, the gun is still partially controlled from the
remotely situated sighting station and in such
manner that, when the orientation ordered by the
sighting station comes within the range of per-
missible orientations of the gun, the gun control

.will be taken away from the limit device and re-

stored to the remote station, so that the gun may
easily and quickly respond to the remote control
as soon as the gun departs from the limits.

Also, in view of the flexible nature of the con-
trol link betweén the remotely situated sighting
station and the gun turret, it is desirable that
means be provided for cutting off the firing of the
gun during those periods of time when the gun
and its sight are not in correspondence. The
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fire cut-off juss mentioned is placed under the
control of the coarse position repeater, whereby,
when gun and turret are out of correspondence by
an amount large enough to cause the coarse re-
p§ater to become effective, gun fire will be cut
off.

Accordingly, it is an object of the present inven-
tion to provide improved control apparatus for
power operated devices.

It is another object of the present invention
to provide improved control apparatus for remote
power operated devices.

It is a further object of the present invention
to provide an improved remotely operated gun
turret for aircraft which may be controlled from
" any suitable point on the aircraft. .

It is another object of the present invention to
provide improved hydraulic control means for
controlling the speed and/or position of a remote
object. , .

It is still another object of the present invention
to provide improved hydraulically controlled de-
vices for operating speed- and position-control-
ling hydraulic mechanisms,

It is a still further object of the present inven-
tion to provide a novel hydraulic follow-up valve
for  hydraulically operated positioning systems,
which may be directly controlled by low-power
-motive means, such as position repeaters.

It is still another object of the present inven-
tion to provide improved variable limit stops for
power operated objects whereby such objects may
be decelerated and stopped before reaching their
ultimate limiting positions. -

It is a still further object of the present inven-

tion to provide improved variable limit stops for -

power operated devices moving along two inde-
pendent coordinates which will decelerate and
stop either component of motion of said devices
independently of the other component of motion,
whereby attainment of the limit in one coordi-
nate does not prevent full control in the other
coordinate. -

It is another object of the present invention
to provide an improved hydraulic remote control
mechanism in which control resides with fine and
coarse hydraulic follow valves during control in
permissible zones of operation, and in which con-
trol is taken over by a hydraulic limit valve upon
approaching the limits of these zones, the limit
valve control being of such nature as to restore
control to the follow valves upon returning to the
permissible zones.

Tt is still another object of the present invention
to provide an improved hydraulic remote control
system in which, for small relative displacements
of controlled and controlling objects, control
resides in a rotary follow valve and in which upon
exceeding this small displacement control is taken
over by a further synchro valve.

It is a further object of the present invention
to provide an improved fire cut-off device for
power operated gun turrets responsive to lack of
correspondence between the controlling device
and the turret.

Further objects and advantages of the present
invention will become apparent upon examina-
tion of the following specification and drawings,
wherein the invention is described, for purposes
of 'illustration only, as used with aircraft gun
turrets, although it is to be understood that it may
be used generally with any type. of remotely con-
trolled device.

Referring to the drawings,

Figs. 1A and 1B are diagrams useful in explain-
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ing the theory of operation of the variable limit
stops of the present invention.

Fig. 2 shows schematically the hydraulically
actuated driving mechanism for the gun and
turret. :

Figs. 3A and 3B taken together show g sche-
matic perspective representation of the hydraulic
control mechanism for the hydraulic driving
mechanism of Fig. 2.

Fig. 3C shows a modified form of limit cam,
corresponding to Fig, 1B,

Fig. 4 shows a longitudinal cross sectional view
of the hydraulic control valves of Figs. 3A and 3B,

Fig. 5 shows a schematic perspective exploded
view of the rotary follow valve of Figs. 3A, 3B
and 4. ‘

Fig. 6 shows a modified form of turret velocity
compensating device suitable for use in Figs. 3A
or 3B.

Fig. T shows a longitudinal cross-sectional view
of a modified form of rotary follow valve suitable
for use in place of that shown in Figs. 4 and 5.

Pigs. 8-11 are cross-sectional views of the de-
vice of Fig. 7 taken along lines 8—8, 9—9, 10—I0,
{i—11, respectively.

Referring firstly to Fig. 2, there is shown sche-
matically the driving mechanism for a turret 119
carrying guns 131, illustrated in this case as being
two in number. The actual construction of turret
119 may be similar to that shown in Pigs. 2 and 3
or Figs. 6 and 7 of copending application Serial
No. 416,290, for Power operated aircraft gun tur-
ret, filed October 24, 1941, in the name of C. G.
Holschuh and L., C. Warner, now Patent 2,434,653
granted January 20, 1948,

The turret of the present invention is shown
for illustrative purposes only as being a lower
turret 119 mountable below the fuselage 120 of
the aircraft. However, it is to be understood that
the control mechanism and driving mechanism
of the present invention is suitable for use with
any type of turret such as a tail turret, wing tur-
ret, upper turret, nose turret, etc.

Provided within turret {19 and carried with it

>

5 are two variable speed hydraulic transmission

units 143 and 145 of the well known “Vickers”
type, shown as being driven by a common electric
motor 147 suitably energized from the power sup-
ply of the aircraft. As is well known, the speed
of rotation of the servomotor or B-end of each
of these units is proportional to the displacement
of its corresponding pump or A-end.

The A-ends or inputs of azimuth unit i85 and
of elevation unit 143 are controlled from a control
box 135 whose contents are shown more in de-
tail in Figs. 3A and 3B. This control box serves
to position the respective A-ends 1482, 142* of the
elevation and azimuth units 143, 145 in accord-
ance with the control data transmitted electrically
over cables 121, 122, 121’, {22’ from a remote
fire control position having gun sight computers
and data transmitters such as shown in the above
mentioned copending applications Ser. No. 420,044
and Ser. No. 411,186, )

Considering first the turret azimuth control,
the output shaft or B-end (49 of the azimuth hy-
draulic unit 145 has its velocity controlled by the
position of A-end shaft 139 and therefore by the
position of the remote computer sight in azimuth.
Output shaft 149 drives the azimuth pinion 25
through a gear 121. Azimuth pinion 125 engages
an internal azimuth gear 126 fixed to the craft
and thereby causes the pinion 125 and turret 119
to “walk around” azimuth gear 126 and thus ro-
tate in azimuth at a velocity depending upon the
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position or orientation of the remote computer
sight. Also coupled to azimuth pinion 128, as
by a flexible shaft 151, is the input to a fire cut-
off unit 167 which may be of the type described
in Fig. 5 of the above mentioned copending ap-
plication Ser. No. 416,290,

The output shaft (53 or B-end 144 of the eleva-
tion hydraulic unit 143 serves to rotate a shaft
{65 through gearing (57. Connected to shaft
{66 are pinions (59 which engage gear sectors
161 and thereby rotate a shaft 183 upon which
guns {3{ are rigidly mounted. ‘Thus the elevation
control of the gun sight computer at the remote
sighting station serves to position input shaft 141
of the elevation hydraulic unit {43 and thereby

- controls the speed of rotation of shaft 163 and of
guns 131 in elevation. Also coupled to shaft 158,
as by gear 164 flexible shaft 165, is the elevation

" input to the fire cut-off unit 167. . :

It will be seen, therefore, that the gun and
turret rotate together in azimuth, while the guns
rotate independently of the turret in elevation,
under the control of the fire control officer at the
remote sighting station. It will be evident that
it is not necessary that the guns rotate inde-
pendently of the turret in elevation. Thus, guns
{81 may be fixed to the turret and the turret it-

.self may rotate in elevation as well as in azimuth

as shown in Figs. 6-8 of copending application
Ser. No, 416,290, where this type of driving mech-
anism is shown as being directly controlled by
a locally situated gunner.

Figs. 3A and 3B, taken together, show a com-
plete hydraulic control system suitable for use in
control box (85 of Fig. 2, Fig. 3A showing the
azimuth control and Fig. 3B showing the eleva-
tion control and joint elevation-azimuth limit
cam;

Referring especially to Fig. 3B, the “fine” and
“coarse” receivers 343 and 345 are used as remote
positioning means or repeaters.” “Fine” repeater
843 serves by means of shaft 348, to rotate rotat-
able member 347-of a rotary follow valve 349,
shown more in detail in Figs. 4'and 5. “Coarse”
repeater 345 by means of a shaft 850 rotates a
conducting arm 35! which cooperates with other
mechanism to be described, and actuates a
“coarse” control or “synchro” valve 369, which
is formed in the same block as rotary follow valve
349, and is also shown more in detail in Fig, 4.
The differential pressure output of these two
valves, as will be explained below, passes through
a limit valve 371, and then proceeds through
pipes 3172, 373 to the head and crank ends of a
control cylinder 375, and thereby displaces piston
376 and stroke rod 141 to control the tilt block
of the A-end 142 of the elevation variable speed

hydraulic unit 143 shown in Fig. 2 and also the.

“velocity” follow-back link 549. .

Referring more particularly to ¥igs. 4 and 5,
the rotary follow valve 349 is composed of a cen-
tral rotary member 347 directly connected to re-
peater 343 and surrounded by a rotatable sleeve
379 rotating within block 381. Fig. 5 shows a per-
spective view of rotary member 347 and sleeve
815. It will be seen that rotary member 347 is pro-
vided with two annular grooves 383 and 385 and
with a plurality, in this case shown as eight in
number, of axially or longitudinally extending
grooves of which 387, 389, 891, 393, 395 and 397
appear in this view. Each of these axial grooves
is formed fo have one radial face, forming a sharp
edge with the cylindrical surface of rotary mem-
ber 341.

Axial groove 387 is provided between the free
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end 389 of member 347 and the first annular
groove 383, and communicates with groove 383.
A corresponding axial groove is located on the
opposite side of rotary member 347 symmetrical
in all respects to axial groove 3817, with respect
to the axis of rotary member 847, and therefore
does not appear in Fig, 5.

Located between annular grooves 383 and 385
are four axially extending grooves of which three,
being 388, 38 and 393, appear in Fig. 5. One pair
of these axial grooves, namely, 391 and 388, ex-
tend from annular groove 383 partly toward an-
nular groove 385 and are located and formed
completely symmetrically with respect to the axis
of rotary member 341. The second pair, namely,
axial groove 393 and its opposite groove (not
shown in the view taken in Fig. 5) are also located
and formed symmetrically with -respect to the
axis of rotary member 347 and extend part way
from annular groove 385 toward annular groove
383. Axial grooves 391 and 393 are angularly
offset and partially co-extensive, being 'so formed
that section 401, which separates them, is cen-
trally located between annular grooves 383 and
385, and is provided with very sharp edges by
virtue of the radial sides of axial grooves 391 and
893. A similar separating section is formed
diametrically opposite to 401, .

On the opposite side of annular groove 385 is
the remaining pair of axially extending grooves
395 and 387 which extend from annular greove
385 part way toward the coupled end 803 of rotary
member 347. Axial grooves 395 and 397 are made
slightly angularly displaced from corresponding
axial grooves 387 and the one opposite to 387
(not shown), by an amount exactly equal to the
angular displacement of axial grooves 391 and
383 about rotary member 347, that is, by the
width of section 401. It will be noted that axial
groove 381 is aligned with axial groove 398, axial
groove 389 with 397, and axial groove 331 with
886. The remaining pair of axial grooves not
appearing in this view are also similarly aligned.

Cooperating with rotary member 347 is rotat-
able sleeve 319, which is formed with five outer
annular grooves 405, 407, 409, 411, and §13. As
shown by the projected dotted lines, groove 40§
cooperates with and Is positioned opposite to
axial groove 387 and its opposite groove (not
shown) of rotary member 341. Annular groove
407 cooperates with and is positioned opposite
annular groove 383, and communicates therewith
as by symmetrically located radial holes 4(9.
Annular groove 409 cooperates with axial grooves
394, 383, 389 and the fourth axial groove not
shown, being located directly opposite section 401.
Annular groove 411 cooperates with annular
groove 885, and communicates therewith by sym-
metrically located radial holes 420. Annular
groove 418 cooperates with axial grooves 29§
and 391,

Annular grooves 405, 409 and 413 are provided
with a pair of diametrically opposed holes 415
which extend from the outside of these annular
grooves through to the inner bore 817 of sleeve
819. Annular grooves 807 and 8i1 are provided
with equally spaced holes such as 819, 420, shown
as four in number, which also connect these re-
spective grooves to the inner bore 8117.

Cooperating with annuiar grooves 405 to §13 of
sleeve 819 are corresponding openings in block
381. Thus, referring to Fig. 4, opposite groove
406 is a port and duct 42{; opposite groove 407
Is a port and duct 423; opposite groove 409 is g
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port and duct 425; opposite groove 411 is a port
and duct 427; and opposite groove 813 is a port
and duct 429. Ports 421 and 428 are connected
as by ducts 43¢ and 433 to a pipe 518 leading to
a sump (not shown). Duct 425 is connected hy
means which will ' be described, to pipe 617 and
thence to a source of hydraulic pressure. Duct
423 is connected, as will be shown, to one end,
such as the crank end, of the control cylinder
376 of Fig. 3B. Duct 427 is connected, as will be
‘described, to.the other or head end of the control
cylinder 375. ‘

Synchro valve 369 comprises a plunger 437
which is reciprocatable within a sleeve 439 fixed
in block 381. Plunger 437 is provided with a
plurality of annular grooves 441, 443, 445 and
431 which cooperate with another series of an-
nular grooves 448, 451, 453, 465, 457, 469, 461,
463 formed on the outside of sleeve 439, which
latter grooves communicate with the. bore of
sleeve 439 by various symmetrically located holes
in the same manner as shown in Fig. 5 with re-
spect to rotary sleeve 379, :

Duct 425, which communicates with annular

groove 408 of sleeve 319, connects this groove 409
with annular groove 449 in sleeve 439. Duct 421
serves to connect groove 405 of rotary sleeve 319

18

to groove 451 of fixed sleeve 439. Duct 427 serves °

to connect groove 811 of sleeve 379 to groove 481
of sleeve 439. Duct 423 serves to connect groove
413 of sleeve 319 to groove 463 of sleeve 439.

Plunger 437 of the synchro valve 389 is also

- provided with a central bore 465 which com-
municates with annular grooves 441 and 445 by
means of radial holes 467 and 469.

Limit valve ‘3T1 is also provided with a recip-
rocatable plunger 471 sliding within a sleeve 473
fixed to block 381. Plunger 47! is provided with
a plurality of annular grooves 475, 477, 419 and
481 which cooperate with annular grooves 483,
485, 487, 489, 491, 493, 495, 487, 499 formed in
sleeve 413 and communicating with the bore of
sleeve 418 by radial holes similar to those of the
synchro and the rotary follow valve sleeves,

Groove 451 of synchro valve 369 is connected
to groove 483 of limit valve 371 by duct 501.
Groove 455 of synchro valve 369 is connected to
groove 487 of limit valve 31 by duct 503. Groove
457 of synchro valve 369 is connected to groove
491 of limit valve 3Ti by duct 505. Groove 4§59
of synchro valve 369 is connected to groove 495 of
limit valve 371 by duct 507. Groove 463 of syn-
chro valve 369 is connected to groove 499 of limit
valve 371 by duct 509. Grooves 497 and 489 of
limit valve 3T{ are connected together as by a duct
81t and to a pipe 313 leading to the crank end of
control sylinder 315. Grooves 485 and 493 are
connected together as by duct 515 and to pipe
372 leading to the head end of control cylinder
315. 'Groave 481 is connected as by pipe 517 to a
pump or other source of hydraulic fluid under
pressure. The pressure of pipe 517 may be made
pulsating at a high frequency in order to bresk
the static oil film friction in these valves. Also,
the connections 272, 373 to the control cylinder
315 may be periodically reversed at a high rate,
such as 4,000 times per minute, whereby “dither”
is supplied to the A-end 142 to avoid instability.

In operation, referring now to Figs. 3B, 4 and 5,
the rotary follow, synchro and limit valves are
normally, when the system is in equilibrium, in
the positions shown in Figs. 4 and 5. In this posi-
tion fluid pressure from pipe 517 is connected
through annular groove 491, duct 505, groove 451,
groove 445, hole 469, duct 465, hole 467, groove
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441, groove 449 and duct 425 to groove 409, Here,
however, this pressure is blocked by section 401 of
rotary member 347 of the rotary follow valve,
which, as shown more clearly in Fig. 5, is directly
opposite hole 415 communicating with groove 409
in sleeve 319, ’

Also, the sump pressure from line 518 connects
to duct 431, groove 405, duct 821, groove 451, duct
§01, groove 483 and groove 475, and to duct 433,
groove 413, duct 429, groove 463, duct 509, groove
499 and groove 481, being completely blocked off
from the control ducts 372, 313 by the position of
rotary member 347 which blocks access from
grooves 405 and 413 to grooves 383 and 385 as
shown best in Fig, 5. It will be seen that, with
coarse synchro valve 369 and limit valve 871 cen-
tered as shown in Fig. 4, groove 383 of rotary
member 347 connects to control duct 373 by way
of holes 419, groove 407, duct 423, groove 453,
groove 443, groove 455, duct 503, groove 481,
groove 411, and groove 489. Also, groove 385 of
rotary member 347 connects with control duct 372
by way of holes 420, groove 411, duct 421, groove
461, groove 441, groove 459, duct 507, groove 485,
groove 419, and groove 493.

Thus, it will be clear that, in the valve posi-
tions shown, control ducts 312 and 873 are com-
pletely isolated from both pump and sump pres-
sures.

In operation, the fine elevation repeater 343 ro-
tates shaft 348 in accordance with the relative
displacement of the orientation of the sight com-
puter at the remote sighting station and the gun
turret mechanism, and thereby rotates rotary
member 347 of the rotary follow valve 348 with
respect to sleeve 379..

Rotary member 347 is adapted by its rotation
with respect to sleeve 379 to control the amount
and sense of the differential pressure applied to
ducts 372 and 313, and thereby to control the
motion of piston 376 in cylinder 315. A slight ro-
tation of rotary member 347 in the direction
shown by arrow 435 (Fig. 5) will partially uncover
hole 415 in groove 409 and permit pressure port
425 to communicate through axial groove 383 with
annular groove 385 of member 347 and thereby to
control duct 372 as described above. At the same
time, exhaust or sump pressure port 421 in casing
381 is allowed to communicate through hole 415 in
annular groove 405 and axial groove 387 to an-
nular groove 383 and thereby to control duct 313
as described above. Exhaust port 429 in casing
381 remains blocked, since hole 815 of groove 413
remains opposite a land on member 3417.

In this manner, it will be seen that propor-
tional hydraulic pressure is applied to one end of
the control cylinder 315, while the other end of
the control cylinder 315 is proportionally con-

.nected to the hydraulic sump or exhaust pres-

sure, It will be clear that rotation of member 347
with respect to sleeve 379 in the opposite direction
will merely serve to reverse the sump and pres-
sure connections and will thereby produce an op-
posite sense of differential pressure in control
ducts 312 and 313, thereby moving control piston
316 in the opposite direction within control cyl-
inder 375.

Let it be assumed that the rotation of rotary
member 347 is as shown by arrow 435. Hence, in
response to motion of repeater 343, the rotary
follow valve 349 acts as a torque or pressure am-
plifler and produces a differential pressure on the
opposite faces of the poston 376 of control cyl-
inder 375. Referring to Fig. 3B, this differential
pressure serves to translate piston 3716 carrying
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arm B19 to actuate the stroke rod 144 of the A-end
42 of the variabie speed hydraulic unit 148 shown
in PFig. 2, Asis well known in the Vickers A and
B-type hydraulic drive, the position of the stroke
rod in the A-end determines the velocity of the
servamotor or B-end. Since the piston 378 will
continue to translate the stroke rod 14! as long
as a differential pressure is supplied by valve 349
at a rate proportional to such pressure, which in
turn is proportional to the opening of said valve,
it follows that the relative displacement of the
valve in its sleeve determines the rate of accelera-
tlon of the B-end. A typical Vickers variable
speed drive is shown in the patent to T. B. Doe
et al., 2,177,098, dated October 24, 1934, for Power
transmission. . '

. The output of B-end 144 of hydraulic unit 143 is
fed back, by way of shaft 163, worm 543, worm
wheel 645, shaft 5471, differential 539, gear 589,
shaft §5{, gear 553, gear 555, shaft 557 and gear
589, to rotate gear 561 fastened to rotary sleeve

879 of rotary follow valve 349, and thereby to re- ‘

position this rotary sleeve 819 with respect to
rotary member 347, to provide a positional repeat-
back.

In order to provide accurate and close control
and avoid hunting and lag, it is desirable to also
provide a component of motion to rotary sleeve

879 proportional to gun speed. This is done by’

" controlling a second member 538 of differential
§39 from the A-end (42 of hydraulic unit 143, by
means of arm 519, crank 52{, dashpot 525 hav-
ing a piston 523 fastened to crank 521 gnd a cas-
ing 527 centralized by means of springs 529 and
fastened to an arm 53{ which is linked to crank
$33 and thereby turns shaft 535, gear 537 and
member 538 of differential 539,

The output of differential 539 is then the alge-
braic sum of the displacement of shafts 547 and
535, and corresponds to a combination of gun
position and gun speed. It serves to reposition
rotary sleeve 397 with respect to rotary member
347 in accordance with both the actual gun posi-
tion and the rate of change of gun position, there-
by controlling the differential pressure applied to
control cylinder 375 and serving to maintain the
orientation and speed of the gun in correspond-
ence with the desired orientation and speed as
transmitted by the remote sight computer and
repeated by repeater 843.

As the gun velocity approaches a steady state,
1. e., as the acceleration of the gun (whether said
acceleration be positive or negative) approaches
zero, it is desirable that the velocity component
of control for sleeve 319 be removed in order that
there shall not be a constant lag between gun
orientation and sight orientation and in order to
prevent overshooting as the gun is brought to
rest. This is done by the action of dash-pot
525 as follows:

Upon first actuation of its piston 523 by.crank
521, the casing 527 is caused by dash-pot action
to move together with piston 523, thereby trans-
mitting a velocity control component to the sleeve
3878 of the rotary follow valve 349, as already de-
scribed. However, after g short interval, the pres-
sure between piston 523 and casing 527 dissipates
itself, around the piston and through small ori-
fices which may be provided in piston 523, and
springs §29 serve to replace casing 527 of dash-pot
625 back to its neutral or central position, there-
by removing any velocity control from the rotary
follow valve, and permitting accurate tracking
of .the gun with the remote sight. 'The reverse
action takes place in deceleration and the time
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factor of the mechanism of Fig. 6 is so designed
that the gun is brought to rest substantially at
the same time as the repeater motor 343 or 343’
comes to rest, with a minimum of overshooting.

Should the relative displacement between sight
and gun exceed the range of the fine repeater 848,
the coarse repeater 348 will move its contact arm
381 off insulating segment 357 and into contact
with one of contact segments 353 or 368, depend-
ing upon the sense of this relative displacement.

For purposes of illustration, let it be assumed
that contact is made between arm 381 and seg-
ment 885. Thereupon battery 862 is connected by
way of wires 366, 858 to coil 859, which is thereby
energized and attracts armature 368, causing a
downward motion of link 367. This produces a
motion of plunger 437 (Fig. 4) with respect to its
sleeve 439. The action is such that plunger 437
is immediately translated to its extreme posi-
tion; in the illustration used, this ig the left ex-
treme position. This operation serves, as will be
described, to remove the control entirely from the
rotary follow vaive 347 and place control entirely
with the synchro valve 369, in the following man-
ner.

Movement of plunger 437 to the left causes
groove 441 to move away from correspondence
with groove 448, Groove 443 causes groove 486 to
communicate with grooves 461 and 453. Groove
445 moves away from groove §61. Groove 447 now
is placed opposite grooves 887 and 459, grooves
461 and 463 being blocked.

The hydraulic pressure derived from pipe 617
proceeds as described before to duct §05 and
groove 457. However, by the reciprocation of
plunger 431, this full hydraulic pressure is now
applied to groove 447, grogve 458, duct §07, groove
495, groove 479, groove 488, and pipe 372 leading
to the head end of the control cylinder 3715. At
the same time, duct 425, which normally provides
hydraulic pressure to the rotary valve 887, is cut
off from the pressure of pipe 517 by the reciproca-
tion of groove #41 out of correspondence with
groove 449 and of groove 457 out of correspond-
ence with groove 445 and hole 469.

Also, upon reciprocation of plunger 367, the
full sump pressure of duct 518 and groove 451 is
applied to groove 443, groove 465, duct 603, groove
481, groove 411, groove 489 and to pipe 313 lead-
ing to the crank end of the control cylinder 375.

Thus, by operation of synchro valve 869, pres-
sure from duct 517 is cut off from rotary follow
valve 349, and groove 383 and duct 423 of rotary
follow valve 389 are put in communication with
the sump pressure in duct 421.

Movement of plunger 367 in the opposite direc-
tion acts in a similar way to reverse the differen-
tial pressure in control cylinder 375, but will still
render the rotary valve 349 ineffective,

It will thus be seen that the rotary valve 34%
gives a proportional type of control within its
range, which corresponds to the range of control
of the fine repeater 343. If this range is ex-
ceeded, the coarse repeater 345 and synchro valve
369 take over, and immediately apply fully cor-
rective effect in the proper direction to re-orient
the gun and turret at full speed until the range
of control of the fine repeater 343 is again reached,
at which time platform 35§ carrying contacts
353 and 355 has heen oriented by shaft 557 and
gear 563 so that contact 851 again rests on insu-
lating segment 857, deehergizing magnetic torque
device 363 and permitting plunger 481 of the
synchro valve 369 to be centralized by means of
its centralizing springs (not shown).
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It will be seen that the same combination of
displacement and velocity components, the ve-
locity component decreasing with time as the
result of the action of dash-pot 526, is applied
as a follow-up repeat-back to both the fine re-
peater 343 and the coarse repeater 345 by shaft
867. 1In the first case, this follow-up action is
obtained by means of the hydraulic rotary follow
valve mechanism; in the second case, by means
of the electrical contact follow-up mechanism.
In each case the repeat-back contains both dis-
placement and velocity components.

As a result of the differential pressure control
obtained from the rotary and synchro follow
valves 348 and 869, the control shaft 3171 of the
A-end (42 of the variable speed unit 143 and the
output shaft 541 are actuated substantially with-
out hunting or lag to control the speed of the guns
or turret, in this instance in elevation, thereby
yielding a sensitive and accurate remote control
for the guns and turret.

The azimuth control shown in Fig. 3A is ex-
actly similar to the elevation control just de-
scribed, and similar elements are given the same
reference number, but primed.

The above description applies to the control
mechanism when within the desired free range
of control. However, in all turrets of the present
type, there is a deflnite limitation to the range
of possible orientations because of the manner
of mounting. Thus, the top turret or the bottom
turret may be unrestricted in motion in azimuth
but carry a variable restriction of approximately
zero to 90° in elevation. Nose, tail and wing tur-
rets on the other hand, are restricted both in
elevation and azimuth and are therefore useful

-only in restricted solid angles of possible orienta-
tions. In order to prevent any damage to the
gun or turret mounting when the gun is moved
to its extreme positions, apparatus must be pro-
vided to decelerate and stop the turrets before
reaching these extreme positions. S

Referring to Fig. 1A there is shown by the curve
a a plot of the extreme positions of a representa-
tive gun. Thus, each point of this plate repre-
sents a particular gun orientation, that is, a
particular combination of azimuth and elevation.
All points above line @ represent permissible gun
orientations. All points below, in the shaded
area, represent forbidden gun orientations. The
particular curve ¢ shown may correspond, for
example, to an upper turret where, along the
fuselage (0° or 180° azimuth) the gun may be
depressed less than for broadside directions (80°
or 270° gzimuth).

If, for illustration, & gun is oriented in eleva-
tion and azimuth corresponding to point A, and
if only the elevation of the gun is changed, the
locus of points corresponding to the successive
gun orientations will be line AC. If the gun is
being driven downward at the full elevation rate,
it is desirable to start decelerating at some point

B before the extreme position C is reached so |

that the gun may be slowed down and stopped
before reaching point C, even though the remote
sighting station is still “ordering” further down
elevation rate. However, if the gun is being
driven downward at only partial elevation rate,
it is not necessary to start decelerating at point
B but only at point D,

If the gun, on the other hand, started from a
position of A’ and traveled down in elevation, its
deceleration, if at full rate, should start at point
B’ or if at partial rate, at D’, in order to stop at C’.

In effect, if it is desired to indicate the locus’
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of points where deceleration should start, then
the requirements just illustrated may be inter-
preted as bodily moving curve ¢ upwards propor-
tionally to down elevation rate, into position b
if full elevation rate is used, which curve is then
the desired limit of free motion (free from limit
stop action) of the guns or turret, or the locus of
points where deceleration starts.

It will be clear that similar requirements are
involved in motion in azimuth only, especially for
turrets having restricted azimuth ranges, such as
nose, tail or wing turrets. A similar curve ¢’ of
limit positions for such a turret may be.as shown
in Fig. 1B. Curve b’ here indicates the limit of
free motion in down elevation.

Curve ¢ of Fig. 1A or ¢’ of Fig. 1B represents
the effective locus of deceleration initiation points
or the limit of free movement for motion in azi-
muth only to the left in Fig. 1A or the right in
Fig. 1B.

A further special requirement arises for con-
ditions where the gun is already at the limit and
further motion is ordered by the remote control-
ling sighting station. Thus, if the gun is at point
M. it is clear that down elevation rate must be
prevented or rendered ineffective, and right azi-
muth rate must be prevented or rendered in-
effective, since otherwise the gun would run into
the fuselage. However, down elevation rate must
be permitted if accompanied by suitable left azi-
muth rate, and the amount of down elevation
rate must be proportioned to the amount of left
azimuth rate, in order that the gun shall not enter
the shaded area. Similarly, right azimuth rate

o should be permitted if accompanied by g suitable

value of up-elevation rate. It is also desirable
that the gun should accurately follow the “order”
from the sighting station, at least in one co-
ordinate, even though not in the other coordinate
since then the gun will be in the best position
for resuming correspondence with the ordered
orientation derfved from the sighting station
when that ordered orientation reaches the zone
of permissible orientations for this particular gun,
Hence, it is desirable that, for instance, with the
gun at point H and right azimuth rate ordered,
that the gun follow the order in azimuth. This

.can be safely done only by forcing the gun up-

ward in elevation to follow the curve from H to C,
even if the ordered elevation rate remains down-
ward or less than that necessary to climb slope
HC. Hence, in some way, azimuth rate must
produce the desired elevation rate, or vice verss.

A further desirable feature may be illustrated
by assuming the gun to be at rest at point C,
The ordered elevation rate may try to drive the
gun down, but the limit stop must prevent this
action. If it is desired to traverse successive
gun positions corresponding to points along the
limit curve a from C to H, left azimuth rate will
be ordered. Ordinarily, this will cause the gun
to move in azimuth, but motion in elevation can-
not take place (assuming the above desirable
characteristics to be present) until the gun has
moved away from the limit curve ¢. Hence, the
path of the gun is along CF. To traverse CH,
the elevation rate control must anticipate the
azimuth motion, whereby elevation and azimuth
motion may occur together along CH. This may
be done by effectively shifting the limit curve

~ horizontally to the right, to position ¢’, propor-

75

tionally to azimuth rate. In this way, the down
elevation rate control is released, or allowed to
become effective, permitting motion from C to H.
- It will be clear that the characteristics ob-
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tained by interchanging elevation and azimuth
in the above discussion are also desirable and
should be prcvided. -

From the above discussion of desirable char-
acteristics, it will be clear that the limit stop
mechanism must be controlled by azimuth rate
and elevation rate as well as gun azimuth and
gun elevation. This is done in the present in-
vention by use of limit cam 34, azimuth limit
valve 371’, elevation limit valve 37{, and their
various connections to the control mechanism
already described.

Limit cam 34§ is shown as being of the cylin-

drical type cooperating with a reciprocable cam
follower 57f. Cam 341 is provided with two cam
surfaces 573 and $75 corresponding to the up-
per and lower limits in elevation. .
" As will be more fully described below, cam
341 is rotated in proportion to gun azimuth, and
this motion is modifled proportionate to azi-
muth rate. Cam follower 571 is shifted propor-
tionate to gun elevation, and its motion is mod-
ified proportionate to elevation rate. It will be
clear that the connections to cam 34{ and cam
follower 57{ may be interchanged, so that the
cam follower 571 is actuated by azimuth and azi-
muth rate while cam 341 is actuated by eleva-
tion and elevation rate, if desired.

In the cam illustrated, no limit in azimuth is
provided, since the gun and cam may rotate the
full 360° under the azimuth control (as in Pig.
1A). However, if restricted azimuth is also to
be provided, as in the case shown in Fig. 1B, then
the cam 34f may be formed substantially as

shown in Fig. 3C, with only a portion of its cylin- -

drical surface cut out to form the cam surfaces.
Referring to Figs. 3A and 3B, the elevation
rate data is derived from the motion of eleva-
tion control piston 376 by way of arm 518§, crank
521, shaft 585, gears 587 and 589, shaft 531 and
gears 593 and 595 actuating one member 536
of differential 597. A second member 598 of dif-
ferential 597 is actuated by gun elevation data
from the B-end {44 of the elevation variable
speed unit 183 by means of shaft 541, worm 543,
worm wheel 545, gears 599, 604 and 603, shaft
§05, gears 607 and 609, shaft 6{1, gear 613 and
~one member 644 of differential 6i5, a second
member 616 of which engages second member
598 of differential 597. A third member 647 of
differential 615, whose motion, at least in the
range of free gun movement corresponds to a
combination of gun elevation and elevation rate,
actuates gears 619 and 621, and thereby operates
cam follower 571 through pinion 583 and rack 584.
Connected to the third member 622 of differ-

10

20

30

4t

45

50

85

ential 597, as by a gear 623, shaft 625, gears 627 .

and 829, shaft 63i, crank 633, and arm 635 is
the plunger 871 of the limit valve 371, whose in-
ternal scructure has been described above.

The system just described therefore comprises
four interconnected variables, namely, gun ele-
vation, elevation rate, position of cam follower
B10 and position of limi{ valve plunger 471. The
system is such that any three of these variables
may act as independent variables, in which case
the fourth is a fully determined dependent vari-
able. The action of this system will be later de-
scribed.

Similarly, referring to Fig. 3A, azimuth rate
" datais derived from the motion of azimuth con-
trol piston 316’ by means of arm §19’, crank 521’,
shaft 585, gears 581", 589, shaft 5394’ and gears
§93’, 595’ actuating one member §96° of differ-
ential §971’. A second member 598’ of differen-

‘the various gear trains.

14

tial 687’ is actuated by gun azimuth data derived
from the B-end 148’ of the azimuth variable
speed unit 185 by means of output shaft 54i’,
worm 548%°, worm wheel 546’, shaft 547’, gears
544, 546, shaft 548, gears 599°, 601’, shaft 685’
and gear 6{3’ driving member 618" of differen-
tial 615’, whose second member §16° engages
member 5§98’ of differential 887°. The third
member 817’ of differential 615’ rotates cam 341
by way of gears B11 and 579 (Fig. 3B).

Connected to the third member 622’ of dif-
ferential §97’, as by gear 623°, shaft 625’, crank
633’ and arm 635’ is the plunger 471’ of the azi-
muth limit valve 3%70’, whose sftructure has
already been described above. '

Referring now more specially to the elevation
control of Fig. 3B, in normal operation, when the
limits of elevation are not reached or approached,
arm 83§ connected to plunger 4714 of elevation
limit valve 37{ remains fixedly centralized by
means of the limit valve centralizing springs
(not shown). Accordingly, gear 623 and mem-
ber 622 of differential §97 remain fizxed, where-
by differential 5§87 acts as a simple gear train.
Hence, shaft 6§7 is actuated by elevation rate
data derived from shaft §9¢ through gears 583,
595, differential 597 (operating as a fixed gear
train) and member 616 of differential 6§15, and
by gun elevation data derived from B-end (44
by way of shaft 61f{ and gear 613 which drives
another member §{4 of differential 615. There-
fore, cam follower 574 is accurately positioned
proportionately to a combination of gun eleva-
tion and elevation rate.

In the same manner, azimuth limit valve 37§’
is normally centralized (when the gun is not near
the limit and is free) by its centralizing springs,
thereby immobilizing arm 63%’ and element 622’
of differential §97’, which then acts as a fixed
gear train. Accordingly, shaft 617’ is displaced
proportionately to'gun azimuth data derived from
B-end {44’ by way of shaft 605’, gear 613’ and
member 8i§’ of differential 6i5’, whose other
member 616’ is then driven proportionately to
azimuth rate data derived from control piston
376’ by way of shaft §91’, gears 593°, 596’ and "
differential 697’ acting as a fixed gear train and
engaging member 818’ of differential 615°.

In the above manner, cam 341{ is driven propor-
tionately to gun azimuth, with an added lead
component of motion proportional to azimuth
rate, while cam follower 8§71 is driven propor-
tionately to gun elevation, with an added lead
component of motion proportional to elevation
rate.

Cam 34{ has its cylindrical surface cut out as
at 813 or §78 in accordance with the chosen limits
of operation; that is, in accordance with curve a
of Fig. 1 or a’ of Fig. 1A. 1t will be clear that
the slopes of the cam surfaces may be chosen to
have any desirable maximum by suitably select-
ing the scales of the azimuth and elevation cam
motions; that is, by adjusting the gear ratios in
‘Hence, except for the
lead components caused by azimuth or elevation
rate, the position of cam follower 571 relative to

. cam 341 corresponds to the actual orientation of

75

the gun relative to its mounting. Actually, how-
ever, if the instantaneous position of the gun cor-
responds .to point P (Fig, 1A) and the gun is
travelling to the left in azimuth only, the corre-
sponding position of cam follower 5§71, relative to
curve ¢ will be P’. From another point of view,
which is closer to the actual situation, P repre~
sents the gun position when taken relative to
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curve @, and the same point P represents the
cam follower position when taken relative to
curve ¢, which is the same as e but shifted to
the right proportionately to the azimuth rate in
the same manner as {s the cam body 341.

In the same way, if the gun P moves only in
down elevation, the cam follower 8§71 (relative to
curve a) would be at P’’. If the gun P moves both
in elevation and azimuth, the cam follower might
be at P’’’

Considering now, for the moment, motion of the
gun in down elevation only, as along path AC or
A'C’, when the limit at which deceleration is to
be started is reached, cam follower 57{ will en-
gage one of the cam surfaces, such as surface
B73, thereby fixing member 617 of differential 615.
- If any further motion of the gun in elevation

10

15

takes place, as evidenced by rotation of shaft

8t1, then shaft 61 drives gear 813 and differ-
ential 64§, which now acts as a simple gear train,
and will drive member §98 of differential 597 to

20

thereby actuate (since member 58§ is held by .

control piston 316) gear §23, shaft 628, gears
827, 629, shaft 631, crank 633, arm 635, and the
plunger 41t of the elevation limit valve att,
Thus, if it be assumed (Fig. 4) that either
the elevation rotary follow vaive 349 or the ele-

25

vation synchro valve 869 has applied pump pres-

sure to duct 507 (and thereby to pipe 372 and the
head end of control cylinder 315) and exhaust
pressure to duct 503 (and thereby to pipe 378 and
the crank end of cylinder 315) plunger 471, as-
sumed to move to the right, will serve to throttle,
or partially cut off, access of pipe 373 to duct 503,
by displacement of groove 417 relative to grooves
487 and 489, and will also serve to partially
throtte pressure from duct 507 to pipe 372, by

30

displacement of groove 419 relative to grooves 493 -

and 498, thereby decreasing both the exhaust
pressure and the pump pressure as applied to the
respective sides of the control piston 376 of con-
trol cylinder 3715. If further actuation of the
plunger 471 occurs to the right, duct §93 is cut off
" completely from pipe 313 and if still further actu-
ation occurs, pipe 313 is brought into communi-
cation with pressure pipe 517 supplied by small
pump (not shown) usually built in the A-end of
the Vickers variable speed drive as shown at 62
in the patent to Doe et al. heretofore referred to
by way of grooves 489, 477 and 494. In the same
way, duct 507 is first cut off entirely from pipe
372, and if further actuation occurs, exhaust duct
§01 is brought into communication with pipe 312
by means of grooves 483, 415 and 485, thereby
applying exhaust pressure to pipe 372. In this
way, the actual differential pressure applied to
control cylinder 376 is first cut off and then re-
versed, causing complete stopping and reversal
of movement of the gun.

However, since reversal of motion of the gun
would at once act to permit the centralizing
springs to return plunger 471 back toward its
neutral position (to the left in this case), it will
be seen that only such reversal takes place as is
necessary to stop the gun and thereafter the
- plunger 47{ is left in a position in which the dif-
ferential pressure is in equilibrium with the gun
and control mechanism. i i

Thus, in this way, motion of this elevation limit
valve plunger 471 acts to cause a decrease in the
differential pressure applied to the elevation con-
trol cylinder 315, and if motion of the gun in
elevation persists, will operate to cut off or re-
move this differential pressure. If this motion
persists further, the limit valve 371 will reverse
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this differential pressure so as to drive the gun
back away from the limit. However, this back
motion extends only far enough to permit the
limit valve plunger 471 to return far enough to
the left so that the differential pressure is cut
off and the gun stops. The gun is thus rapidly
decelerated and stopped just at the required limit,
even though the sighting station is ordering fur- -
ther down elevation rate. The only effect of the
remote sighting station under these circumstances
is to actuate the rotary follow and synchro valves.
Buf since the limit valve 371 overrides and takes
control away from the rotary follow and synchro
valves, by cutting off access of these valves to the
control cylinder 375, the latter valves are ren-
dered ineffective, placing the gun completely
under control of the limit valve and cam ar-
rangement and completely independent (in ele-
vation at least) of the remote sighting station,

Now, for the sake of further illustration, let it
be assumed that the gun is stopped at its limit
at point C, which also now indicates the position
of cam follower 571, since the gun is at rest. If
down elevation rate is ordered by the remote
sighting station, rotary follow valve 349 will at-
tempt to set up a differential pressure in pipes
372, 313 to drive elevation control piston 376 in
the direction corresponding to down elevation
rate. However, any motion of piston 376, even
before the gun begins to move, will be transmitted
through arm 519, crank 521, shaft 585, gears 581,
689, shaft 591, and gears 593, 595 to member 596
of differential §97.

Member 614 of differential 615 is held station-
ary by the gun, which has not yet begun to move.
Member 617 of differentia] 615 is also held sta-
tionary by action of cam surface 513 on cam fol-
lower $71. Hence, member 616 of differential 615
1s kept stationary, thus immobilizing member 598
of differential 597, so that this differential 597 acts
as a simple gear train and transmits the motion
of member 536 to member 622, and thence to gear
623, shaft 625, gears 627, 629, shaft 63!, crank
633 and arm 635 to actuate the plunger 4711 of
elevation limit valve 37!, which then acts to neu-
tralize or cut off the differential pressure tending
to move piston 316, so that no motion of the gun
can occur. The gun is thus fully blocked as far .
as down elevation rate is concerned.

If up elevation rate is ordered, the motion of
piston 376 in response to the differentiai pressure
produced by rotary follow valve 349 operates as
before to actuate member 596 of differential 591,
However, now member 617 of differential 615 is
not blocked, since cam follower §71 is free to move
upwards. The centralizing springs of limit valve
311 are made stiff enough so that the motion of
member 596 is transmitted now to member 611
of differential 615, whose other member 614 is
still immobilized by the gun (which is assumed to
have not yet moved). Hence, cam follower 511 is
driven away from cam surface 513, and elevation
limit valve 371 is not actuated, leaving full contro]
In elevation (at least upwards) with the rotary
follow valve 349, and hence with the remote sight-
ing station, as is desirable under these circum- .
stances. Thus it is clear that the action of the
limit stop mechanism is effective only when the
gun is ordered against the stop, and leaves the
gun perfectly free in the other direction.

Let it now be assumed that the gun is at R
(Fig. 1A) and only down elevation rate is ordered,
The gun will travel along RS until the cam fol-
lower 571 strikes the cam 341 as at S. If cam 34!
were unable to move, the same sequence of oper-
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ations would be effected as along path AC, as
described sbove, and the gun would be stopped
by operation of elevation limit valve 871.

However, motion of cam 341 is opposed, in this
case, only by the centralizing springs of azimuth

* limit valve 371’. If the force exerted by this
spring on the cam 341 is the same as that exerted
by the elevation limit valve centralizing springs,

the effect of engagement of cam pin §14 with cam .
341 will be to stress both elevation and azimuth .

centralizing springs, in relative amounts corre-
sponding to the slope of the cam surface 573.
The stressing of elevation centralizing springs
permits operation of the elevation limit valve 311
to decrease elevation rate, as discussed above with
respect to pauh AC. The stressing of the azi-
muth' centralizing spring permits motion of cam
341.

Since the gun is stationary in azimuth, B-end
{44’ and member 614’ of differential 615’ are sta-
tionary. Hence, the motion of cam 341 is trans-

" mitted to shaft 617’ and through differential 645’
acting as a simple gear train to member 598’ of
differential 597°. Since zéro azimuth rate has
been ordered from the sighting station, control
piston 376’ is stationary, as is member 596 of
differential $97’, which therefore acts as a simple
gear train and transmits the motion to member

- 622’ and thereby to plunger 471’ of azimuth lim-
it valve 371’. Operation of the limit valve 371’
produces & differential pressure in lines 372’
313,
following line SLC’. "At C’, cam follower §71 can
no longer rotate cam 341, and the gun stops en-

. tirely in the manner explained ahove.

Hence, it will be clear that the gun will follow
the ordered elevation faithfully until the lower-
most elevation (C’) is reached. During the time
the limit stop is effective, however, the gun azi-
muth will not be true ordered azimuth.

With the gun and cam follower now asstimed
stationary at point C’, if left azimuth rate is
ordered, then, before the gun can move, azimuth
rotary follow valve 349’ operates to create a dif-
ferential pressure in lines 372, 373’ and thereby
move azimuth control piston 376’ to start motion
of the gun to the left. However, before this gun
motion occurs, piston 318" will actuate crank 521,

shaft 585, gears 5817, 589’, shaft 591’, gears 593’,
585’, and shaft 596’ connected to one member
of dlﬁerential §97°. A second member 622’ of this
differential 597° is held by the centralizing springs
of plunger 471’ of azimuth limit valve 311’.
Hence the motion is transmitted partially to
member 622’ and thence to plunger §11’ of azi-
muth limit valve 374’, and partially to member
- 588’ and thence to member 616’ of differential
615’. - Since the gun is assumed to have not yet
moved, member 6{4’ of differential 615° is kept

" stationary, and differential 615’ also acts as a

simple gear train to transmit the motion of pis-

231'1 378’ to shaft 617’, and thereby rotate cam

. Operation of azimuth limit valve 3'”’ acts to
decrease the effective pressure applied to azimuth

‘control cylinder 37%’, and hence to decrease the

effective azimuth rate.

_ Since cam follower 571 is in engagement with
cam surface §73 at & minimum point C’, the only

way in which cam 34f can rotate in response to
its driving forces, which are derived from -motion
of the piston 376’ and the gun, is'by moving cam
follower 571 upwards.
cam follower 571 is transmitted by way of rack
581; pinion 583, gears 621, 619 to shaft 617 con-

; 2,445,768

10

. 18

nected to one member of differential 615. Since
the gun is at first stationary in elevation, member
614 of differential 818 is kept stationary, so that
the motion of member 617 is transmitted as by
a simple gear train to member 816, and thereby
to member 588 of differential §97. Member 596
of differential 687 is also kept stationary, since
the differential pressure on elevation control pis-
ton 316 is zero, so that the motion of member 598
is directly transmitted to member 622 and thence,
by way of gear 628, shaft 626, gears 627, 629, shaft
631, crank 633:and arm 638 to plunger 471 of ele-

vation limit valve 371, which is thereby actuated
- to set up a differential pressure in lines 372, 313
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which will drive the gun upwards.

Hence, as azimuth rate is introduced from the
remote sighting station, the gun follows in azi-
muth, but lifts itself in elevation over any obstruc-
tions, (as determined by the shape of cam 341)
by action of limit cam 341 and elevation limit
valve 371. It will be clear that, in the present
illustration, the same action occurs for right and
left azimuth rate.

If azimuth rate is introduced from the remote
sighting station while the gun is at point C, that
is, while-cam follower 571 is at a high spot of cam
surface 573, and while the remote station is order-
ing further down elevation rate, the differential
pressure therebhy created in lines 372’ and 313’ in
response to rotation of azimuth rotary follower
valve 349’ moves control piston 316’ and thence,
in the manner just described above, rotates shaft
617’ and cam 341.

This action at once, even before gun motion
occurs, moves cam surface 5713 away (in the right
or left direction, depending on which azimuth .
rate is ordered) from cam follower 571, and frees
follower 57t for downward motion, whereby ele-
vation limit valve plunger &Ti, previously held
fully displaced by the ordered down .elevation
rate (the gun having bheen assumed stopped at
the limit in elevation), may now be restored
toward neutral by action of its centralizing
springs, the motion being permitted by motion
of arms 635, crank 633, shaft 631, gears 629, 6217,
shaft 625, gear 623, member 622 of differential
597 (whose member 596 is immobilized by the
control piston 316, which is centered by. zero dif-
ferential pressure), to member 538 of differential
597, member 616 of differential 615 (whose mem-
ber 615 is immobilized by the gun and B-end of
144 of the elevation-variable speed unit) and
thereby to shaft 617 and thence to cam follower
571, which is now free to move, as already de-
seribed.

In this manner the elevation limit valve 371
“backs off” to permit at least partial down eleva-
tion rate even before the gun hegins to move, so
that the gun may accurately follow cu.rve CH or
CsS.

It will be seen that the present device of Figs.
3A and 3B has all the desirable characteristics
described above. In the region away from the
desired boundaries of motion, the gun is directly
under the control of, and tracks accurately and
rapidly with, the remote sighting station. In the
proximity .of these boundaries, rate of motion in
elevation or azimuth or both is restricted by action
of the respective variable limit stops, despite the.
“orders” of the remote sighting station. .

This restricted motion is such that the gun is
stopped if desired or ordered motion (path- AC
or A’C’) is perpendicular to the surface of the
limit boundary, which is the same as that of the
cam surfaces 5713 and 515 of cam 34i. If the
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ordered motion (KM or RS) is not perpendicular
to the cam surfaces, the gun will continue in the
same general direction (KML or RSL) but will
follow the cam surface KML or SLC’, instead of
the ordered direction KM or RS, until a point
(L or C’) on the cam surface is reached where
the ordered direction KM or RS Is perpendicular
to the cam surface, whereupon the gun will stop,
since at point L the effect of left azimuth rate
(tending to drive the gun along LC) is balanced
by down elevation rate (tending to drive the gun
along 1.C’), In effect the gun is caused to “glance
off” the cam surface, to prevent its harmful en-
gagement with the body of the craft, the cam
being so designed that the gun.is so prevented at
all points. .

The above analysis has been .on the assump-
tions that the effects of the azimuth and eleva-
tion limit valve centralizing springs were equal,
and that the cam surface 673 is an exact replica
of the limit curve. However, neither of these
assumptions is necessary.

In an upper turret, particularly, as described
herein, it is desirable to have. the turret follow
the remote sight in azimuth despite any limit
action in elevation. ‘For this purpose, the azimuth
limit valve centralizing springs are made stiffer
than the corresponding elevation springs. Also,
the elevation scale of cam 341 is made smaller
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than the azimuth scale. The effect of these var- 30

iations is to make it easier for cam 34( to drive

cam pin 571 than the reverse, so that limit action -

is more readily effected in elevation than in
azimuth. )

Thus, assume the gun positioned at point N,
and only right azimuth is ordered. The gun will
move freely from N to H, when the cam and cam
pin engage. Since the azimuth springs are stiffer
than the elevation springs, the azimuth-limit
valve will be only very slightly, almost negligibly,
stressed, and no appreciable slowing up of the
gun in azimuth is caused. However, the elevation
limit valve is actuated, causing up elevation rate
to be set in, and the gun follows curve HC. At T,
the cam pin is freed from cam 341, and down
elevation rate is produced by action of elevation
rotary follow valve, because of the lack of corre-~
spondence between the sight and gun orienta-
tions, Hence, the gun goes along curve CS, still
with the same azimuth rate. From S the gun
broceeds again in azimuth alone, By this proce-
dure, the gun again picks up the target at S, hav-
ing continuously tracked with the target in azi-
muth, the limit stop mechanism causing the gun
to ride over obstruction BCS.

It will be clear that, if desired, elevation cen-
tralizing springs may be made stronger than the
azimuth springs, resulting in somewhat inverse
operation. - .

The elevation and azimuth cam scales may be
selected in any desired manner to provide opti.
mum operation. An especially desirable condi-
tion is to make the slope of the cam surface (513
or 515) with as small a maximum as possible, to
obtain good cam action.

Because of the flexible link just described be-
tween the sighting station and the gun, there
may be moments when the gun orientation is
completely out of correspondence with the orien-
tation ordered from the sighting station. Such
moments occur, for instance, when the gun has
engaged its variable limit stops, when the gun is

first energized to place it under the control of the

sighting station, or during slewing, when the
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ordered rate of motion of the gun may exceed its
maximum possible rate.

During such moments of non-correspondence
it is desirable to cut off or prevent firing of the
guns, which, in remote turrets of the present
type, is usually remotely controlled by means of
4 solenoid mounted on the gun, whose circuit may
be closed at a remote point to initiate firing.
Since this non-correspondence is first evidenced
by relative motion between rotor 347 and sleeve
319 of rotary follow valve 341, it is possible to
interrupt the electrical circuit of the firing sole-
noid upon such relative motion, and thereby pre-
vent firing of the guns,

However, slight lack of correspondence is not
objectioniable, since the projectiles are likely to
“spray” anyway, and may still be effective.
Hence, it is more desirable to use the “coarse”
repeater to control this fire cut-off, Thus, in Fig.
3B, when elevation “coarse” repeater 345 rotates
contactor arm 351 into contact with either of
contact sectors 353 or 355, magnetic device 363 is
energized to move arm 365 in one or the other
direction. :

Arm 366 carries an insulated projection 368,
which, upon motion of arm 365 in either direc-
tion, serves to separate insulated spring leaves
368, 370 and thereby interrupt contacts 314, 316.

A similar arrangement is provided for azimuth
control (Fig. 3A) and serves to interrupt contacts
374’, 316’ whenever gun and ordered direction
differ in azimuth by more than the width of in-
sulating segment 357’.

Elevation contacts 374, 316 are connected, as
by wires 372, in series with corresponding azi-
muth contacts 374’, 316’, and also in series with
the control circuit of the firing solenoid (not
shown), .

In this manner, whenever the gun orientation
is out of correspondence with its ordered direc-
tion (either in elevation or azimuth or both) by
an amount exceeding the angular width of insu-
lating segment 357 or 357’, gunfire is cut off,

Fig, 6 shows a preferred modification of the
velocity compensating device of Figs. 3A or 3B
represented by dash-pot 525. In place of this
dash-pot connection between link §19 actuated
by the control piston 316 and the shaft 535 which
serves to ebntrol one member of differential 539,
there may be inserted the apparatus of Fig. 6,
which is shown as interposed between the same
link 519 and shaft 535. '

Link 519 is pivotally coupled at 168 to a lnk
169, which is pivotally connected at (11 to a link
{13, which in turn is pivotally connected at 115
to a crank (17 fixedly connected to shaft 535,
whose bearing 1719 is shown as fixed to the base
of the structure. Pivoted at point 181 of crank
171 is a piston rod 183 connected to a triple piston
185 of a compensating control cylinder 189, Cyl-
Inder 189 is provided with two exhaust ports 191
and 193 connected as by a duct 195 to a source
of low hydraulic pressure or exhaust pressure,

Centrally located between exhaust ports (91
and 193 is a pressure port (94 connected as by
duct 197 to a source of high hydraulic pressure,
which may be the same source of pressure as ap-
plied to the various control valves shown in Figs.
3A or 3B. Cylinder (89 is also provided with two
outlet ports 199 and 201. Piston 185 is formed in
three sections 203, 205 and 201, which, in the nor-
mal position indicated by the solid lines in the
drawing, respectively cover exhaust and pressure
ports 191, 194 and 193, Outlet ports 199 and
201 are connected respectively to the head-end
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port 3208 and crank-end port 21{ of an operating
 -cylinder 243 whose piston 215 is connected as by
- piston rod 217 and link 219 to a pivot 221 inter-
mediate the pivot points 111 and 175 of link 178.
- In operation, when the A-end 142 of Fig. 3B
“is at the zero velocity position, link 518 and shaft
" 'B36 are so positioned that the elements of Fig. 6
are in the positions indicated by the solid lines,
-and piston (85 is centrally located over exhaust
" and pressure ports i91, 193 and 194, cufting these
ports off completely from the head-end 209 and
crank-end 211 of the operating cylinder 218.

Now, If elevation rate is ordered by motion of
control piston 376 within control cylinder 815, for
instance, in such direction as to move arm 519
upward to the position shown by the long dash
lines, piston 215 of operating cylinder 213 remains
stationary at first, causing link 173 to pivot about
pivot 221, thereby causing crank i77 to-rotate to
the dashed line position, and thus actuating shaft
536, which transmits its motion, corresponding to
turret velocity, through differential 5§39 in the
manner described above with respect to Fig. 3B.

At the same time, since crank 171 is moved
downward, pivot point 81 moves downward caus-
ing piston 186 to assume the dashed line position.
In this position, hydraulic pressure is applied to
outlet port 189 and exhaust pressure is applied
to outlet port 201 of cylinder {83. Hence, pres-
sure is applied to the head-end of operating cyl-
inder 213 and exhaust is applied to the crank-
end, thereby causing piston 215 fo rise, as shown,
to the dotted position. At this time, however,
pivet point 168 remains fixed in its new position
168’, since link 519 has not moved, so that the
motion of piston 2{5 now causes link 1713 to pivot.
about pivot points 171’ and 168’, and thereby pis-
ton 245 will continue to rise and rotate link 173
about pivot point (71’ until by this means crank
177 has been rotated backward until pnst«on 185 is
again centrally located. .

When this takes place the diﬁ‘erentlal pressure
applied to piston 215 is removed by the action of
piston 185 in cutting off the exhaust and pressure
ports 194, 193 and 194, and hence the system has
again reached 2 rest position shown by the dotted
lines of Fig. 6.

In this way, it will be clear that mltlally the
motion of shaft 5{9 is fransmitted directly to
shaft 535 to introduce a turret velocity component
of control in the follow-up system applied to fol-
low-up sleeve 348 and follow-up platform 354, as
described above with respect to Fig. 3B. This ve-
locity component is caused to be removed by the
action of compensating cylinder 189 and operat-

_ing cylinder 213.
The amount of delay in removmg this velocity

component of control depends upon the response.

" of the hydraulic system comprising cylinders 188
and 213. This response may be made slow enough
to give appreciable delay in the removal of the
turret velocity conirol component either by
making ducts 208 and 210 small enough, as by
8 throtiling section, so that hydraulic fluid can
fiow only slowly into operating cylinder 213; or
by providing other means, indicated at 212, such
as a continuously rotating valve which will con-
 nect ports 193 and 201 to ports 208 and 211, re-
‘spectively, only during a fractional part of each
revolution, thereby serving to restrict flow of
oil from compensating cylinder 189 to operating
cylinder 213 in much the same manner as would
be done in a narrow orifice in these lines 208 and

210, without the accompanying disadvantages and
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likelihood of clogging which exisfs with the use
of small orifices.

It will be clear that a similar device to that of
Fig. 6 may be used in place of dash-pot arrange-
ment 525’ of Fig. 3A.

Fig. 1 shows an alternative construction for ro-
tary follow valve 349 or 349’. Here, a rotary
member 223 rotates within a rotatable sleeve 225
which in turn rotates within & fixed member or
block 221. As before, rotary member 223 may he
driven directly by the fine repeater 343, and the
rotary sleeve 225 is driven by the follow-up gear
561, as shown in Figs. 3A or 3B. Rotary member
223 is provided with two annular grooves 228 and
231 and with four axial grooves 233, 235, 237 and
239, of which grooves 233 and 235 extend from
groove 229 toward groove 33§ and are symmetri-
cally placed with respect to the axis of rotation
of rotor member 223. In a similar manner axial
grooves 231 and 239 extend from annular groove
231 toward annular groove 229 and are symmetri-
cally disposed about the axis of rotor member 223.

As shown in the cross sections of Figs. 8 to 11,
these grooves 233, 235, 2371 and 239 are sym-
metrically disposed about the axis of rotary mem-
ber 223, and leave a land or high portion 241, 243,
245 and 2471 between each adjacent pair of
grooves.

Rotary sleeve 225 is formed with four annular
grooves 249, 251, 253 and 255, groove 249 being
located opposite annular groove 231 of rotary
member 223 and groove 255 being located opposite
annular groove 229 of rotary member 223.
Grooves 251 and 253 are symmefrically located
between grooves 249 and 255. Each of these

.grooves communicates with the central bore of

sleeve 225 gs by holes 257, 259, 261 and 263, re-
spectively. )

It is nofed that each set of these holes corre-
sponding to any particular groove is located sym-
metrically with respect to the axis of rotation of
rotary sleeve 225 or rotary member 223. .Grooves
248 and 255 may be provided with any desired
number of holes shown in t';is instance as four in
number. Grooves 251 and 253 are each provided
with two holes 259, 261, these holes being disposed
in each instance on s diameter of sleeve 225, and
holes 261 being displaced 980° away from holes
259. Each of these holes is formed to be of sub-
stantially the same size as the width of the lands
or high portions of rotary member 223.

Groove 249 is adapted to be connected to ducts
42} and 429 shown in Fig. 4 and thereby com-
municate with the sump or exhaust pressure by
means of duct 518 connecting to groove 249 as
by duct 431, Groove 251 connects with duct 423
shown in Fig. 4 and thereby communicates with
the -erank-end of control cylinder 3715. Groove
252 communicates with duct 427 and thereby con-
nects, as described above, to the head-end of con-
trol cylinder 315. Groove 255 connects to duct
425 and thereby is connected o the source of fluid
pressure as described above. :

Thus, it will be clear that with the limit and
synchro valves 349 and 369 in their central or
neutral positions, fiuid pressure will be applied
through duct 425, groove 255, holes 263 and annu-
lar groove 229 to one pair of axial grooves 233
and 235. In a similar manner, sump or exhaust
pressure will be connected by way of duct 431,
groove 249, holes 25T gnd groove 231 to the other
pair 237 and 239 of axial grooves.

In the positions shown in Figs. 7 to 11 the out- .
let ports 252 and 261 are completely cut off from
exhaust or pump pressure, since these holes 259-



2,44 5,765

23

and 261 are blocked by the lands or high portions
241, 243, 248 and 247 as shown in Figs. 9 and 10.
However, upon rotation of rotary member 228 with
respect to rotary sleeve 225, these lands or high
portions 241, 243, 248 and 247 will uncover ports
259 and 261, and will permit pump pressure to be
applied to one set of ports and exhaust pressure
to the other set of ports, depending upon the di-
rection of relative motion between rotary mem-
ber 228 and sleeve 225. .

It will be clear therefore that rotary motion
of rotary member 228 with respect to sleeve 225
will produce a differential pressure in ducts 423
and 427 whose magnitude is proportional to the
amount of relative displacement, at least up to the
point where lands 241, 243, 245 and 241 uncover
completely ports 259 and 261, and that this dif-
ferential pressure will have a sense corresponding
to the sense of relative motion between rotary
member 223 and sleeve 225,

It will therefore be evident that this valve
shown in Figs. 7 to 11 is the full equivalent, in
operation at least, to the rotary follow valve 349
shown more In detail in Figs., ¢ and 5. The
Iimit and synchro valves 349, 369 shown in Fig.
4 may be used unchanged with the rotary fol-
low valve of Fig. 7, the connections being made as
already indicated.

It will be clear that the principles of variable
limit stop described with respect to Figs. 1A and
1B are not restricted to hydraulic devices, as here
{llustrated, but may be used with electrical, me-
chanieal, ete., systems.

Also, although the present device has been il-
lustrated as a remote control, it will be clear that
it may be applied to any type of power-opersated
device,

As many changes could be made in the above
construction and many apparently widely differ-
ent embodiments of this invention could be made
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 1lustrative and not in
a limiting sense.

Having described our invention, what we claim
and desire to secure by Letters Patent is:

1. In a positioning mechanism for a remotely
directed gun having a control device, fine control
means for moving said gun at a speed corre-
sponding to relative displacement between the
control device and said gun, .coarse control
means for moving said gun at a predetermined
speed, means for bringing said last-named means
into action upon such displacement exceeding
the control range of said fine control means, and
means responsive to operation of said course con-
trol means for interrupting firing of said gun,
whereby gunfire is cut off during periods when
the gun position differs from desired position by
a predetermined amount corresponding to the
control range of said fine control means.

2. In a positional control system having a con-
trolling object and a driven object, a hydraulic
transmission including a variable stroke pump
and servo motor for driving said driven object, a
stroke rod for the pump for governing the direc-
tion and velocity of said motor, a control valve for
governing the movements of said stroke rod and
having two relatively movable parts, means for
" moving one of said parts from the movements of
said controlling object, means for moving the
other of said parts from the movements of said
driven object, the relative displacement of the
parts of said valve producing proportional pres-
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sure, and means controlled hy said pressure for
moving sald stroke rod.

3. A remote control mechanism comprising a
driven object, a source of fine control data and
& source of course control data, each of said data
corresponding to a desired position of said object,
a hydraulic transmission including & variable
stroke pump and servo motor for driving said ob-
ject, a stroke rod for the pump governing the
speed and direction of movement of said motor, a
control valve for governing the position of said
stroke rod having two relatively movable mem-
bers, means for moving one of said members in
accordance with said fine control data, means
for moving the other of said members in accord-
ance with the actual position of said object,
means responsive to relative displacement of said
members for producing a differential pressure
normally controlling the position of said stroke
rod, and means responsive to predetermined lack
of correspondence between said coarse data and
sald object for transferring such control to an
independent source of pressure.

4. A remote control mechanism comprising &
driven object, a hydraulic transmission for driv.
ing said object, & source of fine control data and
& source of coarse control data, each of said data
corresponding to a desired position of said object,
sald transmission including a servo motor and a8
pump of the variable-stroke type for driving said
object, a stroke rod for the pump governing the
speed and direction of movement of sald motor,
a control valve for governing the position of said
stroke rod having two relatively movable mem-
bers, means for moving one of said members in
accordance with said fine control data, means for
moving the other of said members in accordance
with the position and speed of said object, means
responsive to relative displacement of said mem-
bers for producing a differential pressure nor-
mally controlling the position of said stroke rod,
and means responsive to a predetermined lack of
correspondence between said coarse data and a
combination of the position and speed of said
object for transferring such control to an inde-
pendent source of pressure.

5. In a positional control system having a con-
trolling object-and a driven object, 8 hydraulic
transmission including a variable stroke pump
and servo motor for driving said driven object, a
stroke rod for governing the direction and
velocity of said motor, a control valve for govern-
ing the movements of said stroke rod and having
two relatively movable parts, means for moving
one of said parts from the movements of said con-
trolling object, means for moving the other of
saild parts in accordance with both. the actual
displacement and velocity of said driven object,
means responsive to relative displacement of said
parts for producing differential pressure, and
power means controlled thereby for positioning
sald stroke rod.

6. A positional control system comprising a
controlling object, & driven object, a hydraulic
transmission including a variable stroke pump
and servo motor for driving said object, a stroke
rod for governing the direction and velocity of
said motor, a control valve for governing the
movements of said stroke rod and having two
relatively movable parts, means for relatively
moving said parts from the movements of said
controlling object, means for relatively oppo-
sitely moving said parts in accordance with the
actual position of said driven object, a third
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means for temporarily modifying said last-men-
tioned motion in accordance with the speed of
said object, and means responsive to relative dis-
" placement of said parts for moving said stroke
rod to control the speed of the driven object.

7. A remote control mechanism as in claim 6, .

in which said temporary motion-modifying
means comprises a dash-pot mechanism having
one part connected to said control valve and a
second part connected to said stroke rod. )

8. A remote control mechanism as in claim 6,
wherein said temporary motion-modifying means
comprises a mechanical differential mechanism
for moving said control valve from said stroke
rod and spring centralized dash-pot means for
delayably restoring said mechanism to its neu-
trol position.

9. In a positional control system having a con-
trolling object and a controlled object, a vari-
able speed drive for actuating the controlled ob-
ject, a controller for said drive having its. out-
put governing the speed of said variable speed
drive and having a composite input responsive
in part to the difference of position between the
controlling and controlled objects, and a degen-
erative velocity feedback connection from the
variable speed drive to said input, including
means for causing the feedback to gradually de-
cay whereby such velocity term disappears as a
steady speed of said drive is reached.

10. A confrol mechanism for & gun comprising
& source of control signal corresponding to a
desired orientation of said gun, control means
responsive to said desired orientation signal for
driving said gun into correspondence with said
desired orientation signal, means for producing
a signal having components corresponding re-
spectively to the actual orientation and actual
velocity of said gun, and means responsive to a
predetermined amount of non-correspondence
between said two signals for preventing firing of
said gun.

11. In a gun positioning mechanism having a
control device and a gun, a fine transmitter and
receiver at said device and gun respectively,
means controlled by said receiver for position-
ing said gun upon small relative displacement
between said device and gun up to but not ex-

ceeding a predetermined relative displacement,.

a coarse transmitter and receiver alsg at said
device and gun, means controlled by said coarse
receiver for fixedly positioning said gun upon
relative displacement between said device and
gun exceeding said predetermined displacement,
end means for preventing firing of said gun so
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long as and only so long as such relative dis-
placement exceeds said predetermined value.

12, In & positional control system having a
controlling object, & controlled object, and mo-
tive means for driving said controlled object, a
controller governing the speed and acceleration
of said motive means and actuated in accordance
with the positional disagreement of said two ob-
jects, of displaceable means for securing close
following of the controlling object by the con-
trolled object also affecting the position of said
controller, means for displacing said displace-
able means in accordance with the velocity of
said motive means, and automatic means for
wiping out the displacement caused by said ve-
locity responsive means as acceleration ceases
to avoid lag in following.

13. In a positional control system, a source of
positional orienting data, a controlled object,
motive means for accelerating the turning of
said object to maintain said object oriented in
the position indicated by said source, a dually
governed controller for said motive means, a first
governing means for said controller responsive
to the amount and direction of departure of the
position of said object from the position indi-
cated by said source, a second governing means
displacing said controller in a direction and pro-
portional in amount to the direction and veloc-
ity of said motive means and opposing the first
governing means, and means for causing a grad-
ual decay in the displacement caused by said
second governing means as acceleration of said
motive means ceases.
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