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This invention relates to an improved gun con-

trol system for controlling the direction and

- sighting of a flexibly mounted gun.

An object of this invention is to provide a gun
control system wherein a sighting station is pro-
vided remotely from the gun mounting, and in
which the gun may be made to follow closely
movements of the sighting means. S

- Another object is to provide, in such a control
system, for operation of the sighting means, in-
dependently of the gun, with the latfer remain-
ing in stowed position until desired, but where-

in, at any time desired, the gun may be quickly

~moved to a poswmn correspondmg to that of the
sight.

A further object is to provide an 1mproved-

structural interrupter for preventing interfer-

- ence between the structure adjacent the gun.

mount and the gun itself.

A further object is to provide such a structural
interrupter wherein relatively small and light
electrical elements perform the necessary inter-
ruption functions.

A further object is to prowde a structura,l in-

terrupter readily changeable fto accommodate a
particular mounting,

A further obiject is to prov1de 9 gun control
- system wherein the gun will automatically re-
turn to a fixed stowage position whenever it is

- released from control by its associated sighting

station.
A still further obiect is to provide a gun con-
trol system wherein the gun is able to be fired

only so long as it is following closely movements |
835
ent upon a reading of the following description

of the sighting means.
Other and further objects will become appar-

and claims, especially when taken in view of the
accompanying drawings.
In the drawings: |
Fligure 1 15 2 fragmentary perspective view cf
an armored vehicle provided with the gun con-
trol system of this invention;
Figure 2 is a fragmentary side view showmg
-the arrangement of one of the gun turrets;
Figure 3 is a bottom plan view of said turret;

Pigure 4 is a view looking forwardly at one.

- of the sighting stations;

Figure 5 is a side view of the 51ght1ng statmn

-Figure 6 is a schematic diagram of the elec-

trical control system; and |

~ Figure 7is a diagram of a portlon of one of the
switches shown in Figure 6.

Turning first to Figure 1, there is shown the

upper portion of a m111ta,r:v vehicle { provided
with a pair of gun turrets 2, 3 and three sight-

(Cl. 89—41)
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ing periscopes 4, 5 and 6. Just ahead of the left
hand turret the upper surface of the vehicle is
provided with a hatch T having a hatch cover 8
hinged thereto along its rear edge. Midway be-
tween the turrets a second hatch 9 is shown also
having a cover (0 hinged thereto. Kach of the
turrets is provided with a gun (1, 12, each turret
heing rotatable about its vertical axis to position
its gun in azimuth, and each gun being mounted
in its turret for swinging about a horizontal axis
transverse of the gun for positioning the gun

-in elevation.

Figures 2 and 3 show the construction of one
of the turrets, the other being substantially iden-
tical, except reversely arranged. The turret 2
includes a circular base plate (3 supported for
rotation about its vertical axis by suitable anti-

- friction bearings {4 carried by a stationary sup-
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porting ring 15 rigidly connected to the top plate
t6 of the vehicle.

The plate {3 is provided with a generally rec-
tangular, centrally located opening {7 and along
opposite sides of this opening are a pair of up-
standing plates {8 of generally triangular shape.
Pivotally supported between these plates 18 is a
gun cradle assembly (9 of generally semi-cyl-
indrical form, having trunnions 20 carried by
suitable bearings 21 in the upper portion of plates
{8. Gun 11l is rigidly carried by the cradle as-
sembly, projecting outwardly as shown through
the curved end wall thereof.

To elevate the gun about its transverse trun-
nion axis, a rotary hydraulic motor 22 is pro-
vided, which, through suitable gearing (not
shown) within the housing 23, drives a. pinion 24
meshing with an arcuate rack 25 on one side
wall of the cradle assembly.

T'o rotate the gun and turret about the vertical
turret axis, a second rotary hyvdraulic motor 28
1s provided, which, through suitable gearing (not
shown) within the housing 27, drives a pinion 28
meshing with a ring gear 29 formed on the sup-
porting ring i5.

Motors 22 and 26 are adapted to be rotated in
either direction and at any desired speed, and

“may be operated individually or simultaneously

as the circumstances demand. Hydraulic fluid
is supplied to the motors by an electrically con-
trolled hydraulic transmission unit 30 carried, as
shown, on the turret between the housings 22
andzT

This transmission unit 30 is of the tvpe well
known in the art and no detailed description is
deemed necessary. Suffice it to say that the unit
is arranged to control the direction and rate of
flow of hydraulic fluig to either motor in substan-
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tially direct proportion to the phase relation-
ship and potential of a confrol voltage applied

2,628,635

thereto. The control voltage for controlling fluid -

flow to the turret rotating motor 26 is obtained
from the azimuth servo-amplifier 3f shown in
the electrical diagram, Figure 6. That for con-
trolling fluid flow to the gun elevating motor 22

is obtained from the elevation servo- -amplifier

32 also shown in the electrical dlagram

EBlectrical connections between the turret and

10

the associated control and generating apparatus

carried within the vehicle include a slip ring as-
sembly 33 arranged below and coaxial with the.

turret. The slip ring assembly includes an inner
~ contact ring assembly 34 rigidly suppmted from

the turret by suitable bracket arms 33 and 3:.
The slip ring assembly further includes an outer

: brush holder 38 having brushes (not shownj)
therein for electrlcally contacting the individual
contact rings of assembly 34. Holder 38 is fix-

edly supported from the interior of the vehlcle
by a bracket.arm 39. The various electrical leads

to the brushes may be housed within this arm 38
‘while those to the slip rings may be housed with-

- in arm 37.
-~ PFigures 4 and 5 show somewhat dmgrammatl-

cally, one of the periscope sighting and control

stations. The periscope 9 is arranged to pro-
ject upwardly through the top wall {6 of the ve-
hicle and is of the known type wherein the eye-

piece 41 remains stationary as the optical sys-
tem rotates to vary the line of sight. A pair of
~hand grips 42 is mounted from the periscope drive
and control housing 43 so that they may be

- moved about a vertical axis 44 to energize the

perlscope azimuth drive motor 45 to shift the line
of sicht in azimuth, and may be rocked about

- horizontal axis 46 to energize the periscope ele-
“vation drive motor 47 to shift the line of sight

in elevation. The details of this sight control
system are guite conventional and well known in
the gun control art and form no part of the
present invention.

A selsyn system 1s provided for ca,usmg the-.

gun to follow the movements of the particular
sight then in control thereof. Mounted on the

and 23 in such a direction and at such a speed

- as to correct the mis-alignment.

' If, however, the mis-alignment exceeds some
predetermmed amount, means is provided for
switching the control to the 1:1 selsyn system to

“insure against losing control of the gun. At the

same time the gun firing circuit is made inop-
erative.. To. obtain these results, a sensitive
error-detecting relay 58 is connected to the con-
trol voltage output terminal 57 of the 1:1 selsyn
53, and is adapted to be energized whenever this

| _voltage reaches a value corresponding to an error

of the predetermined magnitude. - Energization
of relay: 58 causes energization of selsyn selector

relay 59 which breaks the control connection 5%¢
between the 27:1 selsyn 54 and the elevation

. servo-amplifier 32 and makes connection between

the 1:1 selsyn 8% and the servo-amplifier. At the

same time contacts 530 on relay 99 open the cir- '
cuit to firing control relay 60, preventing opera- .

- tion of the firing solenoid 61 until such time as:

control is returned to the 27:1 selsyn system.
A similar error-detecting relay 62 and selsyn

selector relay 63 are provided in the ammuth-

control system for the same purposes.

Turrets 2 and 3 are adapted to be controlled |
either individually or collectively from any of -
the periscope sighting stations. Master switch

48, as shown in Figures 6 and 7, is provided to
select which of the control and s1ghtmg stations = -

is to control whiech turret. No attempt is made
to show this switeh in detail in Figure 6 since it

~ would unnecessarily complicate the wiring dia-

30
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a Dplurality of 6-position, single-pole sectionsg
adapted to be actuated simultaneously. Two sec-~
tiens, one for each turret, are used for each of
the control circuits. 'Thus the uppermost por-
tion of switch &% shown in Figure 6 would actu-
ally comprise two sections 64 and 63 connected
to the sighting stationsg and to the turrets as
shown in Figure 7. With the switch arms 66 and
67 set as shown in Figure 7 the left hand turret

3 would be under the control of the left hand

sight drive housing 43 are four selsyn generators

48, 49, 50 and 51. Selsyn 48 has its rotor geared

to the sight elevating mechanism so that it ro-.
tates at a rate 27 times as fast as the sight ele-.

vates.
-~ vating mechanism, but at a 1:1 ratio.
50 and 51 are similarly geared to the sight ro-

Selsyn 49 is also geared to the sight ele-

tating mechamsm at 27:1 and 1:1 ratios, respec-,

tively. -

Mounted on the gun elevation drive housing
23 are a pair of selsyns 52 and 53 having their
rotors. geared to the gun elevafing mechanism in
27:1 and 1:1 ratios, respectively, and on the tur-
ret rotating drive housmg 21, a pair of selsyns
54 and 55 are mounted, also driven in 27:1 and
1:1ratio with the turret. The variousrelated pairs
of selsyns are electrically connected through a
master selector switch 40, as shown in Figure 6,
so that whenever the gun is out of step with its
sight, in elevation, for example, control voltages
of phase and magmtude corresponding to the
relative direction and amount of mis-alignment

will appear at the output terminals 56 and 5_7 of ~
the selsyns 54 and 55. Normally the control volt- -

Selsyns

o0

85

. periscope sighting station 6 while the right hand

turret. 2 would be under the control of the right
hand sighting station 5. This is the switeh po-
sition assumed in PFigure 6, wherein only those

switch sections and contacts actually used to con- o
nect the left hand turret 3 to the left hand pen- .

scope station 6 have been illustrated.

Note that, if the switeh arms 66 and 87 are
moved to the position wherein they engage with
contacts 68 and 68 respectively the control of left
hand gun 3 will be switched to the commander’s
sighting station 4 while gun 2 will remain under
the control of the right hand sighting station 5.
If the switech arms are moved to contacts 78 and

i1 the control of both guns will be from the

60
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ages from the 27:1 selsyns will be applied to the

elevation and azimuth servo-amplifiers to cause

the latter to so control the transmission 30 as

to. actuate the elevation and azimuth motors 22

5

comander’s sighting station, ete.
- Each of the grips on the sighting devwe is pro-

vided with an acquisition switeh 72 and a trigger

switch 13. Adjacent the master switch 89 at the
master control station are provided a Scan-~Track
switech 74 and a Safe-Fire sw1tch 13 for each
teret |

~As shown in Pigure 6, acqulsmmn switch 72 and
Scen-Tr_a,ct switch 74 are arranged in series rela-

tion to control a pair of stowage relays 76 and 71..

Stowage relays 16 and 1T are adapted, when de-
energized (as shown in Figure 6) to disconnect
the sight and turret selsyns from one another so
that actuation of the sight will not cause move-
ment of the gun. Moreover in this deenerglzed

_condltlon the stowage relays 16 and 17 apply an -

ice it to say that the switch comprises -



2,628,535

5

A.-C. potential of fixed value (10 v.) 'to two of

the stator windings of the turret selsyns. Under
these conditions there will be a single, definite
position of each of the turret selysn rctors where
- no voltage will appear at its output terminal.
The turret selsyns are so oriented with the turret
drive mechanism that these positions ¢f the vari-

cus rotors correspond to the desired stowage posi-

tion of the gun shown in Figure 1 for example,
Thus, whenever the gperator releases the acquisi-

tion switch 32 or the commander throws the

10

switeh 14 from Track to Scan, the gun will auto-

matically and quickly return from whatever posi-
tion it may e m at the ftime, to its stowed posi-

tlon |

(assummg that switch 74 is in Track position) he
need merely press switch 64 to energize relays 76
and 71 to restore the selsyn circuits between the
sieht and the turret, whereupon the gun will
guickly swing into step with the sight. This ar-
rangement is especially desirable as it permits
continuous scanning without requiring the rela-

tively large drain on the electrical system that is
involved when the turret is being operated.  Yet

at the mere pressing of a switeh, the gun will
swing to the desired firing position.

Trizger switch 13 and Safe-Fire swiich 75 are

connected in series relation between acquisition
switehh 72 and the firing solenoid 6f, so that the
gun can be fired only when all three sw1tches are
closed at the same time. |

- As is obvious from Figure 1, the minimum ele-
vation angle at which either gun may be safely

fired will vary with its position in azimuth, and 3.

also wiil be aifected by the pesition of other mov-
able structure on the vehicle. FPor example, with
hateh cover 8 closed, the gun 12, when directed
forwardly, can e depressed below the horizontal
- position and still clear the vehicle, while with the
hatch cover open, the gun cannot be lowered even

to the horizontal position without interference.

There is, thereiore, for each sector of space about
a turret, a particular limiting clearance angle be-
low which the gun may not be safely fired, and,
if there is movable structure within a particular
zone, another iimiting angle, at times effective,
depending on the position of the momble struc-
ture.

A structural interrupter system is therefore in-

cerporated in the control sysiem to automatically
prevent lowering of a gun to a position which
might cause interference.
invention operates electrically and includes a

- commutator assembly Including a plurality of
comutator rings 8, 75 and 88 suitably attached

to and insulated from the under side of the sta-

~ tionary supporting ring {5 as shown in Pigures 2

and 3. Each commutator ring is formed from s
plurality of commutator segments, insulated from
one anoither, and each corresponding to a par-
ticular zone of space about the turret. The space
may be thus divided into as many zones as is

- deemed desirable: obvicusly the more segments
that are employed, the more closely can the guns

be made to follow the structural profile of the
vehicle. To avoid unnecessary confusion, how-
ever, each commutator ring is shown in the
drawing as being formed of but three segments
iBA, 168, 18C, etc., dividing the space about the
turret into a forward zone, a gun-to-gun 2zone

(wherein the gun of one turret is aimed generally

across the vehicle and over the other turret) and

. a remaining zone, to the rear and adjacent side

of the vehicle.

15
whﬂe scanmng, the operator 51ghts a target.

20
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The Interrupter of this

b6d

60

rit;
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Carried by the base plate 13 of the turret is g

brush holder 81 carrying a contact brush 82,

adapted to contact the inner commutator ring 78,
and a brush 83 adapted to bridge across com-
mutator rings 79 and 80 as clearly shown in
Figure 2. Suitable springs, not shown, bias the

“brushes into contmuous contac,t with the associ-

ated rings.
Turning to Figure 6, the commutatox segments

:'TBA 18B, 18C, eic. for turret 3 are shown associ-
~ated with the remaining elements of the inter-

rupter system for that turret. |

The corresponding segments for the other tur-
ret are also shoWn, being identified by similar
numbers primed.

The commutator system is basically a r esistance
bridge network, so arranged that whenever the
gun starts to move below a critical angle for any
partvicular sector, the bridge will be thrown out
of balance in such a sense as to energize an in-
terrupter relay, which, in turn will remove the
gun elevating mechanisin from contrcl by the
signt and apply a voltage of proper phase to make
the gun immediately move upwardly into a safe

firing position. More specifically, the bridge net-
work includes a potentiometer 8&, mounted on

and geared to the gun elevating mechanism {see
figures 2 and 3), so that its movable contact will
move in synchronism with the gun. This po-

tentiometer is connected directly between the 28
v. D. C. line and ground so that the potential of
1ts movabie contact 89 will always correspond to

the angular position of the gun in elevation.
Also connecied between the 28 v. D. C. line

- and ground is a plurality of tapped resistors 88,

%1, B3, 89, the number of which will vary with
tiie number of zenes and the numaber of different
limiting angles desired for a particular installa-
tion. . The taps from these resistors are elec-
trically connected to the variocus commuiator
segments as shown in Figure §. Connected pe-
tween brush 82 and movable contact 85 of the
elevation potentiometer is an interrupter relay
86, In series with a rectifier %f so polarized that
whenever the potential of hrush 82 is greater
than that of contact &8, interrupter relay 8¢ wili
be energized. The tap on resistor 86 is so posi-
tioned that its potential corresponds to the mini-

mum elevation angle for the gun to clear all

structure within the rear
sponding to segment 16C. |

Thus with the gun positicned in this particular
zone, as long as the gun is aimed above this
minimum clearance angle, relay 28 will be de-
energized, but as soon as the gun is moved to a
position below this clearance angle, the relay will
be energized to open the normal elevation control
circuit at 92 and to connect the elevation servo-
ampiifier to an A.-C. voltage of proper phase and
magnitude to cause the servo-amplifier to con-
trol the gun elevaumg mechamsm to elevate the
gun

Where movable structure on the vehicle is
located within a particular zone, automatic selec-
tion of two or more different clearance angles
may he desired, depending upon the position of
the movable structure at that particular time.

Thus when the gun is aimed across the vehicle,
not only must safe gun fire clearance be provided,

and side zone corre-

‘but rhysical interference With the other turret

or gun must also be avoided. The latter problem:
is most severe when both guns are aimed across
the vehicle, or in other words, when both guns

are in their gun-to-gun sectors corresponding
to segments B, B’ of their commutators. Tapped



resistor 87 is connected fo segment T8B to act,
just as does resistor 86, to determine the limit-

ing ﬁle clearance angle for gun {2 of turret. 3,

while in its gun-to-gun sector, at all times except

when the other gun {{ is also in its gun-to-gun

zone. When this latter condition prevails, a
higher clearance angle is obviously necessary and

ot

___._.3, |

_e-witch | 40 to the position giﬁng himself , Or the

right hand gunner, control over the right hand
turret, while leaving the left hand gun under the
control of the left hand gunner. Under these
conditions each gun will track its respective

sighting station entirely independently of the

' : other,

- the following apparatus is provided to apply a

correspondingly higher volfage to segment 18B.
As shown in Figure 6, the gun-to-gun seg-

ment 8887 for turret 2 is electrically connected
Segment 1B’ is

to segment 188 of turret 3.
connected to a relatively high potential tap on
resistor 88,
to-gun zone its brush 83" will bridge contacts
18’ and 845’ and the potential of segment 78B

will be raised to some value intermediate that

corresponding to the taps on resistors 87 and 8.

Thus brush 82 will be at a higher potential than

if turret 2 were in some other zone, and the
interrupter relay 8% wiil be energized at a corre-
spondingly higher elesvation angle of the gun.

When the gun is in its forward zcne its 5a{e_
clearance angle will va Ty with the position of

“hateh cover 8. In this case a hatch switch 88
is provided, being arranged for actuation by the
haitch cover, for energizing or deenergizing &
hatch relay 94, which in turn selects which of two
taps on resistor 89 will be electrically connected

to front segment T8A. When the hatch cover is

- shuf, the switch 93 will be open and the relay 84

will be deszner glzed a8 shown in Figure 6 so that

the low-voltage: tap correSpendmg to & low clear-
ance angle of the gun will be eil ectlve_ When the
~ hatch cover is opened, relay 84 will be energized,

- switching its contacts 85 to the high voltage tap

on. resistor 39 correspondmg to a higher clear-
- ance angle | - |
| Ofpaemtzm

While the operation of the above described
Control System is believed to be fairly obviocus,
typical operation under certam aesumed condi-
tions may be as follows:
~ For example, assume that the armored vehicle
is traveling along with no enemy target in sight,

-~ any or all of the periscope sighting stations will
ke available for scanning purposes, while the

guns will be in their stowed position. Under such
~conditions, the Track-Scan switches for the two
turrets will be set in their Scan positions.
enemy is sighted, say to the left of the vehicle,
the commander will set the selector switch 48
to whatever position appears desirable for most
effective counter action—in this case, probably to
the position giving the left hand sighting station
6 conirol ¢ver both guns. He will also set the

- Track-Scan switches for both turrets to their

Track position. The operator of the left hand
sighting station. may then, by appropriate
manipulation of his control grips, follow the

on the control grips. This will energize the
stowage relays 16 and 17 for both guns, and the
“gung will quickly swing into a position corre-
sponding to the line of sight of fhe periscope and
will thereafter continue to track with the sight.

This whenever turret 2 is1nits gun-

If an

10

20

If the target for a partwular turret moves into
a position wherein the gun could not be safely

fired without danger of striking part of the ve-
hicle: structure, the interrupter relay 8¢ for that
particular turret will be energized as previously
described to maintain the gun above the critical
elevation angle for that particular zone. The
operator, however, may continue to follow the
target both in azimuth and elevation with his
sight. However, as soon as the sight is depressed

below the critical angle, a misalignment between

the gun and the sight will obtain, causing a volt--
age of sufficient potential to appear at the output

- of the 1:1 elevation selsyn 63, for that particular

- relay 98.

[
Rt

to energize the elevation error-detecting
Relay 58 in turn wili energlze the
selsyn selector relay 32 1o open the firing circuit
for that gun and to switch control from the 27:1
to the 1:1 selsyn system to prevent losing control
of the gun in elevation. However the gun will
remain under the control of the 27:1 azimuth sel-
syn system and will therefore continue to follow

guil,

.. the movements of the sight in azimuth. AS soon

i

as the target has moved to g position wherein it
is again above the critical angle, the gun will -
again swing into alignment with the sight and the
error-detecting relay 58 will drop out, restoring -

control of the gun to the 27:1 system end again
| permﬂ:tmg firing of the gun.

In the event that the ammunition supply is ex-
hausted for either gun, the operator need merely
release the acquisition switch which will in turn
deenergize the stowage relays, and the gun will
immediately swing to stowage position wherein
it can be readily serviced. The operator mean-

while can continue to track the target and as

- soon as the gun is reloaded will have merely to

again press the acquisition switch to cause the
gun to once more swing into line with the sight.

While in the disclosed device but three seg-
ments were shown in each commutator ring, it is
obvious that any number of segments could be:

- employed, depending upon how closely it was de-

~ tour of the vehicle.

sired. that the interrupter pattern follow the con-
_ - Obviously, also, vacuum or
gas “trigger” tubes could be used in place of cer-

- tain of the relays they bemg well known equiv-

| . | ine gp
- movements of the target and, as it approaches

~ firing range, will depress the acquisition switch

Firing of both guns may be obtained by merely

pressing the trigger switch on the g]:'lpS when—-

“ever the operator deems 1t desirable.

Meanwhile, the right hand gunner, and pee-—

' sibly the commander, will continue te operate .

their sighting periscopes to scan about the
vehicle. If another enemy is sighted in a dif-

ferent zone, the commander will set the selector

16

alents.

Whﬂethe _vehmle is _shewn as being provided
with but three sighting stations and two turrets,
the principles involved are clearly applicable to

any desired number of sighting stations or tur-
rets.

made without departing from the spirit and scope

of the appended claims.

- We claim as our mventlon

1. A gun control system for a vehlcle hevmg a,
turret mounted thereon for rotation in azimuth
about a generally vertical axis and g gun pivotal-
ly carried by said turret for angular adjustment
in elevation, power means for rotating said turret
and for swinging saig gun in elevation wherehy
said gun has a field of fire coverage over a pre-
determined sector of space about said turret,
control means normally controlling the operation
of said power means for pointing said gun in any
desired direction within said sector, said vehicle

including structure normally projecting into said

| Me,ny other mod1ﬂeat10ns could obviously be



| 0 |
- field of five coverage, means for effectively divid-
ing the space about said turret axis into indivi-
dual zones and comprising a commutator assem-
bly including a plurality of commutator segments
corresponding to said zones and contact means
movable relative to said commutator segments in
accordance with movement of said turret about
its axis and adapted to electrically contact said
individual segments, a source of electrical poten-

tial, means connecting each of said segments to
said source whereby to apply a voltage to each
segment proportional to the minimum angular
position of elevation of said gun necessary to clear
- such of said structure as lies within the zone cor-
responding to that particular segment, means
operatively connected to said gun and to said
source and having a voltage output terminal the

- potential of which varies in accordance with the

angle of elevation of said gun and means cen-
nected to said contact means and to said output
terminal and responsive to a predetermined dif-
ference in potential therebetween to cause said
control means to be made ineffective to cause
‘movement of said gun beyond said clearance
angle. -

2. A gun cnntrol system for a vehicle having
- a turret mounted thereon for rotation in azimuth

about a generally vertical axis and a gun pivotally

carried by said turret for angular adjustment in
elevation, power means ior rotating said turret
and for swinging said gun in elevation whereby
said gun has a field of fire coverage over a
predetermined sector of space about said turiet,
- eontrol means normally controlling the operavion
- of said power means for pointing said gun in any
cdesired direction within said sector, said ve-
hicle including structure normally projecting into
said field of fire coverage, means for effectively
- dividing . the space about said turret axis into

individual zones and comprising a commutator
‘assembly including a plurality of commutator
segments corresponding to said zones and contact
means movable relative to said commutator seg-
ments in accordance with movement of said
turret about its axis and adapted to electrically
contact said individual segments, a source of
~electrical potential, means connecting each of
said segments to said source whereby o apply
a voltage to each segment proportional to the
minimum angular position of elevation of said
gun necessary to clear such of sald structure as
lies within the zone corresponding to that par-
ticular segment, means operatively connected to
- said gun and to said source and having a voli-
- age output terminal the potential of which varies
in accordance with the angle of elevation of
-sa2id gun, and means connected to sald contact
means and to said cutput terminal and respen-
sive to a predetermined difference in pofential
therebetween to cause said control means to be
- made ineffective to cause movement of said gun
beyond said clearance angle, certain of saig

structure being movable relative to said vehicle

‘between positions requiring different clearance
angles, and means responsive to movement of
- said certain structure to said different positions
to cause corresponding changes in the potential

applied to the segment corresponding to that

- zone within which said certain structure lies.

.. 3. A gun control system for a gun mounted for
angular adjustment about substantially perpen-
dicularly related axes, power means for swinging
said gun about said axes whereby said gun has

~a field of fire coverage over a predetermined sec-
tor of space about said gun, control means
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norma,lly controlling the operation of said power
means for pointing said gun in any desired
direction within said sector, structure normal-

1y projecting into said field of fire coverage,

means for effectively dividing the space about
sald gun into individual zones and compris-
ing a commutator assembly carried by the
unit and including a plurality of commutator
segments corresponding to said zones and con-
tact means movable relative to said segments-
in accordance with movement of said |
ascut a first of said axes and adapted to electri-
caily contact said individual segments, a source
cI eiectrical potential, means connecting each of
selid segments t0 said source whereby to apply
a voitage to each segment proportional to the
minimum angular position of said gun about the
othser of said axes necessary to clear such of
said structure as lies within the zone correspond-
ing to that particular segment, means operatively
connected to said gun and to said source and hav-
ing a voltage oubtput terminal the potential of
willch varies in accordance with the angular posi-
tion of said gun about said other axis, and means
connected to said contact means and to said
outpus terminal and responsive to the difference
in petential therebetween to render said control
means ineffiective to cause movement of said gun
1o an angular position about said second axis

less than said minimum clearance angle.

4. A gun contro] system for a gun mounted for
angular adjustment about substantially perpen-
dicularly related axes, power means for swinging
sald gun about said axes whereby said gun has
a field of fire coverage over a predetermined
sector of space about said gun, control means
normally confrolling the operation of said power
means for pointing said gun in any desired di-
rection within said sector, structure normally
projecting into said field of fire coverage, zoning
means effectively dividing the space about said
first axis into 2zones and responsive to the
resition of said gun in a particular zone to
produce an output voltage substantially propor-
tional to the minimum angular position of said
gun about the second of said axes necessary to
clear such of said structure as lies within that
particular zone, gun position means connected to
said gun and adapted to produce an output volt-
age pronortvional to the angular position of said
cun about said second axis, and means connected
to said zoning means and to said gun position
means and responsive to the difierence in po-
tential between caid output voltages to render
said normal control means ineffective to cause
moverment of said gun below said clearance angle.

9. A gun contrel system for a gun mounted for
angular adjustment about substantially perpen-
dicularly related axes, power means for swinging

5 sald gun aboul sald axes whereby said gun has a

field of fire coverage over a predetermined sector
of space about sald gun, control means normally
controlling the operation of said power means for
pointing said gun in any desired direction within
said sector, structure normally projecting into
said field of fire coverage, zoning means effective-
ly dividing the space about said first axis into
zones and responsive to the position of said gun
in a particular zone to produce an output voltage
substantially proportional to the minimum angu-
lar rosition of sald gun about the second of said
axes necessary to clear such of said structure as
lies within that particular zone, gun position
means connecied o said gun and adapted to pro-
duce an ocutput voltage proportional to the angu-
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lar positien of said -gun gahout .said . second aX1S,

and means connected fo said zoning means and
“$0 said gun position means and responsive to the
difference in potential between said output voli-
ages to render said normal .control ;means inef-

fective to cause movement of said.gun below said -

clearance angle, certain of said structure bemg
movable relative to. said gun between positions re-

‘quiring different clearance angles, and means re-
16

sponsive to movement of said certain structure to

said di uerent posﬁmns o cause correspondmg_

changes in the output voltage of said zoning

means. for that_ zone w1th1n Whlch sald certam o

structure lies.

6. Agun- control system for a .gun- mounted for

pivotal movement about perpendicularly -related
- axes, power means for swinging said gun about
said axes, control means mormally .controiling
said -power means for pointing -said gun in any

desired direction about said axes, means resgon-

sive to the position of said gun about a first of

- said axes for producing an output voltage sub-

| stantlally proportional 1o a desired clearance
angle .of sald gun . about the second of said -axes,
means responsive to the gngular position of said
eun abkout said second axis for producing an out-

o - put yoltage . substantially proportional to the
‘angular position .of the gun about 'sald second
axis, and interrupter means responsive to .said

output voltages for rendering said normal «con-
trol means ineffective to.control movement of said
- gun about said second axis whenever a predeter-

‘mined one of. SEle output vol’sages exceads the

other. |
7. A gun control system for-a gun mounted for

. axes, power means for swinging said gun about
S&Id aXes, control means normally ceontrolling.
said: power means for pomtmg said gun-in any de-

su*ed direction about said axes, means respounsive =
to the position of said gun -about a first of said

axes for producing an output voltage substantially
-proportmnal to :a desired clearance angle of said

%2;?52‘:.8_;&3’.5 ’

selector xoeans responsive 40 -a predetermined

voltage racross the rofor of said low-ratio gun

selsyn for switching .control :of said servo<means

from said high-ratio to-said low-ratio:;gunselsyn,

means for .causing firing :of 'said gun and :means.
respopsive .to such actuation. of :said :selector

means f or rendemng

;mnpﬁratw.e sa;id Airing
means. |

- 9. In a gun con‘bral system for 2 gun’ mounted- .

for pivotal movement about :an -axis, :contral

means for said gun including wsighting :means
having means for shxftmg the line of sight .about
2 :corresponding axis, means for.causing said:gun

" to follow movements of said :sighting means in-

]5

cluding high-ratio and low-ratio selsyn systems

interconnecting said sighting means.and said gun,

- ing conirol of said serve-mechanism from said

andgd. servo-mechanism ,normally responsive to the

._output 0of said high-ratio :selsyn system for :con-

trolling movement of said gun, means. responsive
to a predefermined angular misalienment he-
tween said line of sight and said gun for swit¢h~

high~ratio m said low-=ratio selsyn system means

' for firing S&ld gun, and fire interrupting means

25

‘responsive to oneratlon of said switching mea;ns-

for 1==ndermg inoperative S&Id flrmg means.

- 10. In a gun control system for a gun mounted o
“for wpivotal movement about an axis, control

- means for said gun
30

power means for movmg sald
oun, 4 selsyn system normally responsive to said
contrel means and connecting said control means

- to said power means, -said power means being

25

. ‘pivotal movement about perpendicularly related -

- normaglly responsive to the output voltage of said

selsyn system fo cause said gun {o follow the

movements -of said .control means, a switch, and
means responsive to actuatlon of said smtch for -

- breaking the connection between -said power

means and said.control means through said selsyn

~system and for applying a predetermined voltage

gun about the second of said axes, means respon-

- sive to the angular position of said. gun about said
- second axis for producing an output voltage sub-

T et
e L

stantially proportional to the angular position of

the gun about said second axis, interrupter means

" responsive to said output voltages for rendering

N said normal control means ineffective {0 control

- movement of said gun about said second axis
whenever  a predetermined one of said output

voltages exceeds the other, and means responsive
- tooperation of said interrupter means for causing
- said power means to move said gun about said

- to 'said power means, whereby said gun moving
means Wil cause said -gun to move to a prede-.

termined stowage position corresponamw to said
predetermined output veltage. B
11. A gun control system for a gun mounted

for pivotal movement gbout perpendicularly re-

lated axes, power means for swinging said gun
about said axes, control means normally con-

 trolling sald power means for pointing said gun

in any desired direction about said :axes, means
. responsive to the p051tmn of said gun about a
first of said axes for producing an output Volta,ge'
| fsubsua,ntlaﬁly proportional to a desired clearance
angle of said gun aboul the. second .of said axes,

- means responsive to the angular position of said

second axis 10 & position Wherem sald output |

| Volua.ges are substantlally equal.

8. In a gun control system ior a gun mounted i
for movement about an axis, eontrol means for -

_'sald gun mcludmg a, sighting mechanism havmg
means for shlftmg the line .of sight about a cor-
res’oondmg axis, means for causing said gun to

ST

follow movements of said sighting mechanism in--

cluding a plurality of sets of selsyn mechanisms,

~ each set including a pair of interconnected

selsyms, having their rotors connected to said
- gighting mechanism and said gun respectively for
_.-movement at a predetermined low ratio relative

(i

~ for causing firing of said gun, and means respon- -
-sive to eperation of said sighting mechanism to
- shift the line of sight a predetmmmed amaunt

thereto, and a second pair of interconnected

selsyns having their rotors connected to the sight-
ing mechanism and to the gun respectively for
movement at a predetermined higher ratio rela-
tive thereto, servo-means nermally. responsive to
the voltage across the rotor of said high-ratio.

gun selsyn for controlhng mcrvement of saad gun

70

‘gun about said second axis for producing an out-
- bui voltage substantlally proportional to the -
-~ angular position of the gun about said :second

axis, and _1nterrupte_r means responsive to said

output voltages for rendering said normal confrol

meens ineffective to control movement of said
gun about said second axis whenever a predeter-
mined one of said output. voltage exceeds the

‘other, said normal conitrol means mcludmg a -
sighting mechanism having means for shifting

the line of sight about correSpondmg axes, means

beyond said clearance angle for rendermg sa.m
firing meansinoperative. -

12. A gun control systém for a, gun moum;ﬂd

~ for movement about perpendicularly related axes
comprising, SIghtm

Jechanism including means

. for shifting the line of 51ght about corresponding

'75

axes, ﬁonj:ral mezms responsive to sald slghtmgg .
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mechanism for normally causing said gun fo fol-
low movements of said sighting mechanism,
‘means for rendering said conftrol means ineffec-
~ tive to cause movement of said gun about either
axis whereby said sight may be operated inde-
pendently of the gun, structural interrupter
means responsive to movement of the gun about
one of said axes beyond a predefermined angle
for also making said control means ineffective to
cause movement of said gun about said one axis

‘while retaining control of said gun about the

other axis, means for causing firing of said guns,
and means responsive to a predetermined degree
- of misalignment between said sighting means and

said gun for rendering said firing means inopera- ;

' 13. In combination with a vehicle, a turret

mounted for rotation in azimuth about a gener-
ally vertical axis, a gun pivotally carried by said
turret for angular adjustment in elevation, power
means for rotating said turret and for swinging
said gun in elevation whereby said gun has a field
of fire coverage over a predetermined sector oi
space about said turret, confrol means normally
controlling the operation of said power means for
pointing said gun in any desired direction within
said sector, said vehicle including structure nor-
mally projecting into said field of fire coverage,
means for dividing said sector into zones includ-
ing a commutator ring comprising a plurality of
segments each corresponding to a zone of said
sector, contact means rotatable with said turret,
and means controlled by said segments and said
contact means for making said control means in-
operative to cause depression of said gun below a
predetermined angle for any particular segment.
- 14, In combination with a vehicle, a turret
mounted for rotation in azimuth about a gener-
ally vertical axis, a gun pivotally carried by said
turret for angular adjustment in elevation, power

4
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means for rotating said turret and for swinging
said gun in elevation whereby said gun has a field
of fire coverage over a predetermined sector of
space about said turret, control means normally
controlling the operation of said power means for
pointing said gun in any desired direction within
said sector, said vehicle including structure nor-
mally projecting into said field of fire coverage,
means for dividing said sector into zones includ-
ing a commutator ring comprising a plurality of
segments each corresponding to a zone of said
sector, contact means rotatable with said turret,
a source of voltage of predetermined potential
connected to each individual segment, elevation-
responsive means connected to the gun for pro- -
ducing g second voltage having a potential which
varies in generally direct relation to the elevation
of the gun, and means connected between said
contact means and said elevation-responsive
means and responsive to said voltages to limit
further movement of the gun in one direction
whenever a predetermined one of said volbages
exceeds the other.

DAVID D, TERWILLIGER.
HARRY MAZUR,

LESTER 1. JACKSON, Jr.
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