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. 2,660,794 - :
COMPUTING GUN SIGHT
Raymond ::C. Goertz, Hempstead, N. Y., :and " .
Harvard L. -Hull, York,tRa.; assignors:to The »7
Sperry ‘Corperation, a corporation of Delaware .
Application September 12, 1942; Serial No. 458,118
(CL:33—49) .

-3 Claims.
1

"Thé present-invention is relatéd to the art in-
~cluding ‘computing ‘gun sights and gan turrets.
Thé ‘present invention -is especially : concerned
“with computing gun sights of the type in which
-the- sight is carried by or moved in synchronism
with'the gun or turret-and is-offset or “disturbed”
-with respect to the gun by the amount necessary
4o give the proper lead: angle of the gun with re-

‘spect to the present orientation -of the target de~ |
fined by the line of :sight: of the sighting mecha- ™

nism,; to properly direct a projectile to the target.

‘Such a sighting device is shown in copending
gpplication Serial No.:358,382, for Computing Air-
eraft Gun' Sight, filed ‘September 26, 1940, in the

‘names-of- C. G. Holschuh and O. A. Vielehr, now *

‘Patent 2,396,701, granted March 19, 1945. The
-computing gun sight of this prior -application is
intended for direct marmual-operation in an air-
craft. “The present invention constitutes an im-
‘provement of -and ‘a simplification rof -the -gun
sight of tHe prior application, including a manu-
glly-controlled power means for rotating the guns
and a simplified lead contputing mechanism- suit-
-able for use either on aircraft or on the ground,
against any moving targets.

‘Disturbed: gun sights of the present type are
:subject- to a type ‘of instability which renders
their efficient operation ‘very ‘difficult. This in-
-stability may be seen from the consideration that,

if the line of sight should be lagging behind the :

targét, and the gunner desires to move the line of
sight-up onto the arget, his natural action is to
inerease the velocity of tracking of the'gun and
sight. In So'doing, the-lead angle-also increases,

sinee it has ‘one component (prediction) propor- ;

tional to the angular:velocity of the guns,-and
thereforé: tendy to idrive' the sightback with re-
spect-to the gun and away from-the target. “This
-constitutes ‘an unnatural response to the natural

tendency of the operator, and results in confusion 4

-axd- difficilty in- acurately ‘maintaining- the line
of-sight in track-with the target. :
“"This okjection: to the disturbed -sight is-over-
come by the present invention, and-a' further-ad-
vantage in-simplified tracking is obtained by pro-
viding 'a-control 'of the sight which -at the first
instant in response to a change in velocity, moves
the sight forward, namely, in the direction of the
target, rather than reversely, as has formerly
peen the ease. This temporary’ forward motion
is them ‘wiped out and reversed to provide there-
quired-lead-angle after:a time ‘delay sufficient to
prevent the unstable dperation referted to above.
Tn this ‘manneran “aided tracking” type of con-
trol of the'sight-is obtained, which hasbeen found

2

to be advantageous in facilitating accurate tragk-
ing with a moving target. "

In-dddition, the present invention provides the
further feature that-the orientation of the*sight
is renderéd independent of the computling ap-
paratus-and is controlled -solely’ by the manual
‘control - of the ‘operator;  whereby- the effect-6f
change in the lead:angle’ does mot impair the

“ease-and effectiveness-of control of the tracking.

-~ Accordingly; it is an-object of the present-in-
vention to provide “improved ' comipubing gun
sights-of the “disturbed: sight” type, eliminating

‘the” unstable “operation:-of prior-art -systems.

It is a further object of the present-invention
10 provide improved disturbed gur sights in-which
the sight is instantaneously -actuated in a direc-
tion to follow the target upon a change of the

- position of a manual -control, and ‘is thereafter

‘delayably moved in the opposite direction $o in-

-troduce the - required lead angle Between the sight
-and the gun. <~

It is-a still further object-of the present-inven-
tion to provide improved disturbed gun sights in-

‘corporating-an aided tracking type of ccontrol of

-7 thesight.

50

65

It is'another object of the present invention-to

~provide improved - distirbed -gun -sights in whieh
“the-control of thetorientation of the line of-sight

is made: independent-o6f the lead-angle, whereby
‘ease of traeking is-greatly improved:

Tt is still ‘another objectof the present inven-
tion:to provide improved disturbed gun sights in-
‘eluding means- for delayably offsetting’ the: sight
by the required lead-angle to prevent unstable
operation, the ‘amount of delay being adjusted in
-accordance with the” projectile: time of flight to
provide improved operationboth with distant-and
‘with close~in targets.

1t isa further object of the ‘present invention
to provide an electrically operated disturbed gun
sight incorporating at least-some of the advan-
tages described -above.

It is still another object of the present inven-
tion to provide‘a simplified mechanical construc-
tion- for o disturbed  gum - sight also including
these advantages.

Other objects and: advantages will become ap-
parent from the specification, taken in connec-
tion with the accompanying “drawings wherein
the invention is embodied in concrete form.

“In the drawings,

“Fig. 1 shows a schematic perspective view of a
representative gun turret, such as may.-be used
with the present invention. .

T=Fig#2 shows a schematic circuit diagram of an
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electrical  embodiment of the control for a- dis-
turbed gun sight according to the present inven-
tion, showing the control along one coordinate.

Fig. 3 shows a diagrammatic view of a me-
chanical embodiment of the present invention for
controlling the device of Fig. 1. ]

Fig. 4 shows a schematic diagram of a com-
plete mechanical embodiment of the present in-
vention, including the features and advantages
described above, and

Fig. 5 shows an improved form of the circuit
of Trig, 2.

Fig. 1 shows a schematic perspective represen-
tation of one form of gun control and sight. In
this case, the guns {1 are mounted on & platform

{2 for rotation about a suitable axis, in this case .

illustrated as being a vertical axis, whereby the
guns {{ may he rotated in azimuth. Also carried
by platform {2 is the sighting device, illustrated
schematically as being a telescope i3, which may
be any type of device adapted to define a line
of sight to a distant target. :

By a sighting device in the present case is
meant any device defining an axis and capable of
indicating or determining when this axis is
oriented toward a target, and may inciude radio,
infra-red, photoelectric or other devigces as well
as the usual optical telescope or sight.

Platform {2 is adapted to be rotated in azi-
muth by means of a suitable servo device {4 which
drives a pinion 16 engaging an internal fixed ring
gear 11, whereby the platform {2 is caused to ro-
tate by the interaction of pinion {§ and fixed in-
ternal gear 17. Servo [4 is controlled from a

manual control member (8 by means of suitable 3:

control mechanism, indicated by the control box
19.

Manual control member {8 and its associated
circuit are preferably-of the type disclosed in
Figs. 12A and 12B of copending application Se-
rial No. 428,036 for Positional Control System,
filed January 24, 1942, in the names of H. L. Huli,
R. C. Goertz and W. C. Hartman, now Patent No.
2,626,665, or in Figs. 2-4 of copending applica-

tion Serial No. 403,618 for Handle Control Sys- .

tem, filed July 23, 1941, in the names of H. L.
Hull, W. C. Hartman and R. C. Goertz, now Pat-
ent 2,414,102, granted January 14, 1947, and are
adapted to produce an electrical voltage corre-

sponding in sense and magnitude to the sense 5

and magnitude of displacement of control mem-
ber 18. As shown in copending application Se-
rial No. 428,030 in its simplest form, the means
employed for converting the displacement of con-
trol handle (8 into a corresponding electrical
voltage signal may comprise merely a resistive
potentiometer winding having its opposite ter-
minals connected to a constant source of -alter-
nating or direct potential, and having a movable
contact arm actuated by control handle {8, The
voltage between the contact arm and the mid-
point of the resistive winding then provides the
required electrical control signal.

Fig. 2 shows one form of control circuit which
may, for example, be included in control box 19
in Fig. 1, operative in response to the control
signal produced by the control member I8 to
orient the guns {{. Thus, the control signal de~
rived from the manipulation of control handle
18 is connected to input terminals 2f, and is
thereby impressed across resistor 22.- Resistor 22
is connected in series with a resistor 23, whose
function wiil be described below, and the result-
ant series voltage across these two resistors is
impressed upon the input of any suifable con-
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ventional type of amplifier 24. Amplifier 24 is
preferably chosen to have a large amplification,
whereby it may produce full output voltage for
2 very small input voltage. The output of am-
plifier 24 then actuates a suitable servo device
{4. Servo {4 may be of the well-known Vickers
variable-speed hydraulic transmission type, in
which a predetermined input control signal volt-
age produces a corresponding. and preferably
proportional rate of turn of its output member
28 connected to pinion (8§, shown in TFig. 1. If
desired, any of the servo devices shown in Figs.
10A-10D of application Serial No. 428,030 may
be used here.

Connected to be rotated simultansously with
platform 12 is a generator 23, shown for ex-
ample as driven from a pinion 3{ journaled in
platform 12 and connected to generator 29 by
any suitable mechanical means, indicated at 32.
Generator 29 is preferably of the type which
produces an output veoltage directly proportional
to the speed at which it is driven, and this volt-
age is impressed upon resistor 23 in series with
condenser 33. This voltage is of the same type
(alternating or unidirectional) as the signal volt-
age impressed across terminals 24. Preferably,
generator 29 is. of the permanent magnet direct
current type, and the control signal is unidirec-
tional or is converted suitably into a unidirec-
tional voltage across resistor 23.

Neglecting for thie moment the effect of con-
denser 33, it will be seen that the control signal
voltage impressed on resistor 22 will serve to
actuate servo i4, and thereby sets up a rate of
turn of platform {2. This rotation of platform
12 produces a voltage by means of generator 29,
which iIs impressed upon resistor 28 to oppose the
voltage across resistor 22. By making amplifier
24 sensitive and respounsive to small values of in-
put voltage, an equilibrium condition will be
reached in which the voltage input to amplifier 24
is just that necessary to produce a rotation of
platform (2 and generator 29 such as to produce
a voltage across resistor 23 differing from that
across resistor 22 only by the small amount nec-
essary to actuate amplifier 24 to maintain oper-
ation of the rest of the system. Since the voltage
output of generator 29 is proportional $o its
speed and that of platform (2 and guns I, it
will he seen that in this way the control signal
voltage impressed on terminals 21, and there-
fore, with condenser 33 omitted, the deflection of
control member {8, will be substantially propor-
tional to the angular velocity of the guns i and
that, in effect, a “rate” type of control is pro-
vided, as described more in detail in application
Serial No. 403,618, in which a predetermined de-
flection of manual control member {2 produces
a corresponding angular velocity of guns {1 and
platiorm 2.

Condenser 33 serves to provide a type of inte-
grating or smoothing control. Thus, if the guns
{1 and platform 2 are being rotated at a con-
stant angular velocity, a constant voltage will be
generated by generator 29 and will charge con-
denser 23 substantially up to this voltage. Dur-
ing the time condenser 33 is charging to full volt-

age, the voltage across resistor 23 will corre-

spondingly decrease since the sum of the con-
denser voltage and the resistor voltage must con-
tinuously be equal to the voltage produced by
generator 29, which generated voltage is constant
if the platform has a constant angular velocity
of rotation. The deflection of the econtrol handle
18 necessary to maintain this constant angular



23,080;794

5

veloecity:of platform:i2 will confinuously«decrease,
since-in -order;to-majntain .a:.constant:angular
-velocity :of :platform 42 the displacement:of.con-
trol:-handle 3 8-inust ke .alwayssjust: sufficient:to

-produce:a control signal-voltage:across:resistor:22 :

:which: differs ‘from:the voltage .acrosscresistor.:23
‘by the small:constant.amount necessary to:main-
Aainthis iangular :velocity. - “The=required sis-
placement: will therefore-decrease as::condenser
33 .charges::and the wvoltage:across resistor:23
decreasses. :Thus,after:bringing the platform:and
.guns up o the:desired -angular-veloeity i the:con-
trol:member t8-may be: gradually: returned:ic dts
neutraly-position without::.changing :the::angular
-veloeity. of the platform. “In: this way, condenser
-33 -operates to .cause the platform 12 and guns:H
#40..continueto rotate:at the .same veloeity: even
after:amanual .controller. :48 ds: returhed::to “its
qneutral position... -

- Sighting idevice:13: is-also carried by platformn
42, out-adjustable :withirespect:theretosby means
.0f servo 42,-so that «if the:manual controller 48
is adjusted.so that.the line: of sight definéd. by
;sighting .device :18:i¢ tracking withvgtarget, it

will-be clear that the guns. I are mouing-at the <

same angular velocity as that of the target rela-
tiveto thesgun pesition.
If asprojectile is ﬁred by the-gun, it-will:take
-a ~predetermined: time interval;,: known ]
“time of flight,” béfore reaching the targeti+
inguthis-time: of ‘flight :the target:will-have ad-~
vanced its position by an amount:-roughly équal
to: theangular svelocity of the target-relative to
the gunr position-times the time-of flight, \which
is termed: the “‘predictionidead-angle:” “Accérd-
ingly, in order'to permit:the igunito-effectively
«direct:the projectile;: the erientation:of thergun
must be advanced with tespeetdo-the:orientation
of the:target by -an amount corresponding:to: this
lead::angle. In-the-present-system,-this’ is:‘done
by - retarding the. sighting:idevice #3 -relativeto
-platform 12 on -whieh’dt is carriediand-to the
.guns: 1 ; thus -producing:a:#‘digtiirhed gun sight:”
~For this. purpose;it-will be notedthatthe-volt-
age-produced by generator 29 is proportional to
the angular veloeity of the platform-12-aRd-gans
11 -and hence; ~when . thesighting “device 18 -is
tracking -withthevtarget, will also be-substan-
tially-Broportional:to the-angidar wveloeity-‘of: the
target:

“To-Tnultiply- this: veltage by the time of fight;

a- potentiometer :84 is connected-across the'ters
minals ~of -generator »29. ?( It ~Wwill ~be -cleat=that
the: voltage-derived betwesn-the variable drm*36
of potenticmeter- 34 and one ofits fixéd ferminals
.will be proportional: to'therdeflection: of -arm* 88
fromits ‘end: ‘position ~and-will-also ‘be - propor=
tional to.the voltage:impressed-across the-entire
potentiometer 34, ‘that-is, will-be proportional
to the voltage-of-generator: 29, Which*has-already
been<shown -to *be proportional-4o -the" gun -or
target ~angular - veloeity < during -propertracking
conditions. Thefefore;-by suitably adjusting-arm
36, ds by means:of a‘knob-87,:proportionally to
time -of flight; the output voltage from potenti=
ometer -84 may- be takeri~as proportional’ to-the
product -of target-angularivelocity and-the time
‘of - flight: ~Sinee-time-of “flight isapproximately

10

15

20

:35

40

60

a function enly-of- target-range, knob 3T -may-be ..

provided with-a» suitable scale-calibrated-directly

inrange. -

The ' prediction’-wolbage -thus ~derived:--i§ - im-
pressed in series with a voltage produced from
a -follow-up -potentiemeter: 88 -energized-from- a
battery 28,-and the resultant-voltage isimpressed

6

upon:an :amplifier:4l, -which -controls a:servo: 42

-driving the:sight 3 ‘with-respect o platform: 12.

Servo-42 s -also:mechanically: connected ~by=a
suitable coupling, indicated at 43,46 the variabie
;arm:44-of follow-up potentiometer:38. -

In this way, servo-42 will- continue to rotate
until the voltage produced by follow-up potenti-
ometer 38 exactly balances, that is, is equal and

«opposite to, the: prediction-voltage;~and in this

way the angular displacement of ‘potentiometer

:arm-44,-and: hence of servo 42:and:sight 13, will

beproportional to the prediction -voltage; :which
isindurn proportional to.the predictiondead angle
required between sight 43 and.-guns . By.suit-

-ably choosing the gearing ratios :and ‘the voltage
‘magnitudes, the:sight-13 :may be -angularly dis-

placed from the :orientation of the guns:ii:-by
exactly the-proper lead angle to:provide:so-called
“predietion correction’: or-prediction leadsghgle
for:the:guns;to: a,llowior"the motionzof the target
relativetotheguns.:.

+I6 Will: beseen: that if guns .t I are-moving,: *for

example, clockwise; in. Fig. 1, sight #3-must-be

displaced ina.caunterclockwise sense:with respect
$o platform 12. : If the:sight 18 is-tracking hehind
thetarget; and the:gunner.attempts to accelerate
thexsight:to “‘get-on’x:the:target, it -will be.seen
thatrany: increaserin gun and :platform -velocity
‘will-proGuce.a.displacement: of sight 13:tending
+0 increase the lag:between sight and target-and
the:more.the gun velocity:is'increased, the:greater
lag s produced, although. the gunner:is-attempt-
ing to decrease the'lag.: This action is:character-
istic .of. all .disturbed.sights, @and renders tracks
jhg wwith the target very unnatural and difficult,
thuspreventing optimum- utility of: the device.

“To overcome this defect,:a-condenser 46 and:a
resistor 47 are connected across:the input:ters
minals <24 supplied with: the control:signal;:and
theivoltage across resistor47 isiinserted inseries
acrosss the vvoltage :output:of the:time-of-flight
potentiometer-34-and.is therefore added thereto.
‘The values iof condenser.#6.and resistor:47:are
chosen::such: .‘that -these . .elements: form:a ‘dif-
ferentiating.circuit in - a-manner swell <known in
the:art, whereby: the.voltage derived- across re-
sistor 47 éorresponds-to therate of change jof: the
‘control signal: impressed:on terminals 24. -

"By adding this voltage to the'lead:angle volt=

-age. derived ~from::time«of-flight potentiemeter

-34, - thesight. 13 is initially :actuated in :such:a
manner.as to follow the target, rather than-in
thei‘apposite -sense.as would . otherwise be- the
case. ..

'This:action-serves-to overcome.the trackmg lag
and, the sight*“catches up’:to thetarget. - At this
instant;:of course, the:correct:lead:angle is:not
present, ‘bub-this 4s immaterial @ since firing:ds
done -only. .while -accurately .tracking. with: the
targets: In this -way,the:sight responds:as the
operator:wouldintuitively -expect, -and: not op-
positely,and the operator is-enabled:to “get:on”
the'target-much mors:quickly toplaceithe sightin
the:proper tracking condition.. -

It Wwill-be seen: that the rate voltage: derived
from: resistor 471 will-die out as: the-control signal
persists, -and that after & short:time the-actual
lead -angle “between sight 43 anhd-guns i will
again.-become -proportional -to the lead -angle
voltage,~as is: required, -whereupon -accurate: fire
can be obtained once more.--In thisway-a stable
and- easily- operated disturbed gun- sight:system
is -provided, -€liminating -the -instability -charae=
terlstlc Of prlor art devxees
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a type of aided tracking control for the sight.. ~As
is known; in an aided tracking control; the con-
trolled device is actuated so that its displacement
6 from a predetermined neutral position is related
to a constant displacement ¢’ of the controlling
member by a relation of the form

0=Fki1p+kapt
where k1 and k2 are proportionality constants and

t is the time the control displacement ¢ persists.:

In the present case, the motion of the guns and
platform carrying the sight produces the second
term of the right' member of the above equation,
while the differentiating circuit 48, 47 produces
the first term, at least in transient fashion, dur-
ing “getting on’” the target, when aided tracking
control is micst useful and desirable.

It is to be noted that the deévice thus far de-
scribed serves to supply only the prediction lead
angle. Other lead' angle components may also
be provided by inserting voltages. proportional
thereto in series with the input to amplifier 41.

The system of Figs. 1 and 2 has been described
with respect to motion about one axis only, illus-
trated as being the azimuth axis..- It is to be

10

understood that preferably the guns 1§ and sight

{3 are made rotatable also about a second axis,
such as an elevation axis perpendicular to- the
azimuth axis, under the control of a suitable
manual control member, which may be member
18, displaced about a second :independent axis,
as is shown below in Fig. 4. A similar control
.between the elevational motions. of the sighting
device 13 and guns i may be provided for mo-

tion about the elevation axis, as shown in Fig, 4, :

whereby the gun sight of the invention may be
utilized with targets moving in three dimensions,
such as aircraft.

The system of Fig. 2 still suffers the ‘disad-
vantage that the gunner; in order to maintain
the sight in track with the target, must actuate
the sight (by means of his control of the guns
and platform }2) to compensate for changes in
lead angle. It is preferable, from the standpoint
of simple and effective tracking, that the op-
erator be able to manipulate the sight without
adjusting for changes in lead angle. This is done
in Fig. 3, which shows a modified type of control
system similar in principle to that of Figs. 1 and
2, but entirely mechanical in operation. Here
control handle I8 is coupled to arm 50 and dis-
places the ball carriage 51 of a variable speed
drive 52, whose drive disc 83 is rotated at constant
speed from a constant speed motor 54. In- this
way, the output cylinder 56 of variable speed
drive 52 is rotated at an angular velocity propor-
tional to the displacement of control i8. This
rotation of cylinder 58 is led through suitable
gearing 97 and a differential 58 to rotate an out-
put shaft 59 which is connected by way of gear-
ing &f, shaft 62, gearing 63, and shaft 64 to a
torque amplifier 66 whose output 87 drives pinion
16 with respect to fixed ring gear 17 in the same
manner as in Fig. 1. Torque amplifier §8 may be
of any suitable type adapted to provide a high
torque output from a relatively small torgue in-
put derived from shaft 64. Such amplifiers are
well known in the art and are believed to require
no further description here. One form of such
torque amplifier is the well known Vickers hy-
draulic variable speed drive.

In this manner, displacement of manual con-
trol I8 sets up a corresponding angular velocity
of platform (2 which carries all of the elements
shown in Fig. 3, except the fixed ring gear IT,
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.in ‘a; manner similar to that shown in: Fig.:1,

and hence provides a rate control of sight 13.

At the same time, the displacement of manual
control 18 rotates a lever 88 about a pivot 69,
Lever 88 is connected through a further linkage
T4, T2 to the sight i3 and thereby displaces the
line of sight 74, corresponding to- the optical
axis of telescope (3 in Fig. 1, by a proportional
amount and in the: same sense as the desired
rotation of platform i2, as to a position T4’ rela-
tive to the gun orientation which: is along 74.
This action therefore corresponds to the effect of
condenser 46 and resistor 47 described in Fig. 2,
since the sight (3 is thus initially displaced pro-
portionally to the angular velocity of platform
12, and provides a resultant “aided tracking” con-
troli of sight 13, which has beén recognized as a
desirable type of control for efficient tracking. -

At the same time, displacement of .control
member I8 moves another lever: 16 about. a pivot
71, which motion is transferred proportionately
through 'a link: 78, link. 1% pivoted at 8(, link
82, and lever 83 pivoted about pivot 84, to:pro-
portionately displace ball carriage 86 of a second
variable speed drive 87:also actuated from motor
54,
The rotation of output cylinder 88 of: variable
speed drive 87 rotates. a. shaft 91 carrying oppo-
sitely threaded-screws 92 and 93 cooperating with
respective traveling nuts 94 and 95, upon which
are mounted the pivots 81 and 69 described above.
Thus, the rotation of shaft 81 serves to. displace
pivot 81, whereby lever 19 pivots about the new
position of its:-pivot 80 and returns the ball car-
riage 88 to its neutral or centralized position to
stop the rotation of shaft 91, which will then
have rotated: through an angle proportional to
the deflection of member 18.

At the same time, rotation of shaft 91 operates
to move the traveling nut 95 carrying pivot 69,
whereby lever 68 pivots about its pivot 70 and
turns the sight 13 oppositely to its original mo-
tion. The angular displacement of shaft S, and
hence the angular displacement of sight {3 thus
produced, will be proportional to the displace-

ment of manual control 18 and accordingly will

be proportional to the angular velocity of plat-
form 12, which will be equal to the angular
velocity of the target during proper tracking.

It will be seen that this angular displacement
of sight {3 and shaft 91 will depend upon the
position of the pivot 1T about which lever 76
rotates. 'This pivot is made adjustable, as by
means of a time-of-flight cam 96 and a slide 97
actuated by a range knob 98, and is set in ac-
cordance with the time of flight of the projectile,
determined in the same manner as with respect
to Figs. 1 and 2, from a suitable range finder.
By adjusting pivot 17 in accordance with the time
of flight, the angle through which sight (3 is
turned by shaft 91 is made proportional to the
time of flight plus a constant. -Since the original
deflection of sight 13 in the direction of motion
of the guns was proportional to the angular ve-
locity of the guns as determined by the angular
displacement of control (8, this constant is
chosen to be of such value that the resultant
position of sight 13 will be displaced from the
orientation of the guns by an amount equal to
the desired prediction lead angle, or to the angu-
lar velocity of the guns times the time of flight,
producing the same type of operation as in Figs.
1 and 2.

The motion of output eylinder 88 of variable
speed drive 87 is also additively coupled to that
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of:cylinder 58 by way ofigearing-89 and: differens
tial §8: In this way the-input to torque amplifier
66.and:the platform 12:are additionally:-displaced:
by-a..component corresponding to the ‘prediction:
lead angle:

--Since; the-sight 13 is.thus displaced reldtive.to:
platform: 12and-guns-{ [ by the same:amount.
as: .the-gunsand: ‘platform :are-oppositely dis-
placed: with:respect. to: the:target;. it will: be seen:
that sight 13 has no:motion-relative -to:the target:
due: to. the: action: of “variable:'speedi-dtive:-8T;
which therefore setsin the properlead angle withe.
out-in:any-way impairing: the:ease:of: tracking.:
In-other-words, the gunnet need: not compensate
for the:lead:angls,; as: he -must ity Fig. 2.

- It will be seen that:variable speed:drive 8¥gets.
to initially delay the control: ofiisighit: (3::by:.the
praperilead.angle,; so.that egsier-and:stableitrack-
irig: is:possible: - This. deélay is' controlled: hy:the:
“settling ‘time’ of: ‘drive: 81; which " is ‘the: time:
it:takes: to resume sa:stable -position. after being
displaced, and. depénds. on: the: 'speed: ofiimotor:
5&and the:amount:the ballcarriage 86 is-initially:
displaced, which: latter: in:turn: depends-on-the:
distance advantage of:the lever: system 83;:82; ete::
This; -settling time, in:the< device: of ~Fig:- 3;: is:
selected: to-have- a: vdalue: large ‘enough: topro-
vide:stable tracking by:sight 3;andishort-enough.
to:obtain: quick setting: of: the: sight-and: guns to
the-proper-firing :positions::

It-will:be-clear:Hiere also-that a:similar. control
may-be provided:for: motion: about.g secorid axis
perpendicular: to the:axis:of rotation of:sight: i3
and ‘the:guns, to provide.three-dimensional: ‘con- -
trol.

~To:provide controlcompensstion: for: th"e\'leadi
anhgle. in:Fig: 2; this:eircuit-may be modified: in:
the:manner shown:in:Fig. 5; by the:addition:of: a-
generator. 45 driven: from-the'sight servo 42:syn=.
chroneusly: withrsight: 13i Generator; 45 is. prefsy
erably of the same type asigenerator 29;’and.pro-
dircesia voltage output proportional: to:the speed.
at:which-it:is"driven; whichiwill therefore be pro-.
portional:to:the rate:ofchange of the prediction:
lead angle. -This-prediction:rate voltage is in~-
serted-in Series: with. the -other:voltnge-input- to-
control-amplifier 24;: Asswds 'seerr in-PFig.: 27 the"
speed . of ~the : guns: obtgined from: gun: servo 145
is-proportional to'the input voltage derived:across:
résistor: 22 In.Fig..5,-however, thé gun rate will:
be proportional to:the sunr ofithevoltage across:
resistor: 22-and:the:voltage :derived: from :gener=:
piori:48: Accordingly;: the: gun -orientation-de~.
rived: by :the: device-of PFig: 5:in-résponse: tora.:
change in displacemerit of:control: {8; wilk:be-ad~
vaneed: from: the’ corresporiding: ‘orientation:.of:
the: gunin- Fig.. 2: by an:-amount: egual:to: the:

‘change-in the:lead -ahgle, sorthatithe:sight and:
gun are-displaced-in-opposite senses:hy: the.same:
angle; leaving the-sight orientation unaffected:by ¢
changes: in- the position:of control -18; in ;a.man=-
ner:similar: to-that in:Fig.: 3.

:Preferablyr also-the-voltage derived. from B0 O
erator: 45::is -connected rin: series::with:the ihput:
voltage to.control amplifier 4¢; and>thereby pro=:
vides;-in a:well-known+-manner,.a:type:of-:antiz
hunting: control for-the:sight-servo 42; permitting .
more accurate-positioning of sight:13; withoutilag:
or-hunting: in: response-to the-voltages. derived:

it

from potentiometer 34;resistor:47 and potentiom= 70"

eter 38, described in Fig:: 2.

‘Pigy &:shows .a modlﬁca’rmn of-the :device::of::
Fig. 3, inclnding:control-along both elevationand:
azimuth’ coordinates and:incorporating?several:

improvements:;

5 bility: of -“operation:vand ‘ezse. of' tracking.

30
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Tt: will“be: noted :that the device- 75"

10

of Figs.:2 and'3:istuseful:in: obtaining:thé predic-
tion leadr angle allowing:for the motion of ‘the
target,: but: does: not: provide: the: ballistic: correg-
tion requiredi:té-‘allow: for- variation. of? thé 'rp'ro"—-
Fectile: from. the ‘orientdtion of ‘the’'gun: - Stch!
ballistiti-correction: for:g guhrhavine s st ‘1onary
locationgsuch as.onza.truck ot tank orrasship;can:
be ¢dnsidered:torbesin:elevation: only; nariely) to:
be thé! sa=calléd superélevation::corrsevion; and:
astg:sufficiently:good-approximation may be: conw
sidered td BE proportional to-the: product of the
cosine-of therangle-of elavdtion: of the gun by the:
tie-of- flight; “Such:a:correction:is iricorporated:
in:therdevice of Fig:. 47 as. will be described.:

- Inzaddition; it-has:been: found: that:the-settling:
time discussed above:should: vary with thé'rangs:
of'the target.or'thetimme of: flight in’ order to:pro~-
vide/optimumroperation. Thus; for cl6se-in. tars
gets having a short time of- ﬁxght ‘and range; it:

- iszdesirdble that a:short: settling: time beprovided

inr order-torenable the gunner-to quickly get:intos
the: - aceurate fiving.” condition:. For: Iohger:
ranges- and:longer-times of: flight, ‘& longer set~:
tling ‘time-is’ desitgble: to prov1de improved® sta—

featureiis also incorporated:in the device of Figi 4:

Referring: to this figure, the sight' (3 is shown!
as” constltutmfr ‘s mirror’i ¢ p’zvoted ‘about an:
axis/ 102" preferably~ horizontally d1sposed dnd:
parallel to the: elevation trunmons of ‘the gun:
and:scooperating:with a:second mirrot: {03 pivoted:
ahout! an: axis 104: disposed along: the: axis: of'ths:
gumn.: ‘A:suitakle:scurce:d6f:light; indi ated rsehe-
matically’ as:-‘a 'lamp bulb: 106, projectsits:light:
rays:through.a- séreens.or:'thasking ‘member-181"
having:a: suitable:reticlie 08:foimed: thareon;  so:
that: the:image H10 -of “this: reticle: ig refiseted:
from- mirrar-{03=intsmirror 10+ and-tleéreby-
into the:eye - 109:<0f the : gunner: Mirror I8 E is:

- preferably of‘the:reflex :type;also’ permlttmg di<

rect transmission: ofrlight: therethrough such as-
along-thé:line:of ssight74.0 It willi be:: seen that
rotation: of! theymirror~168:will: catise the ‘image:
118-0f: the  reticle 108; s seen by the  cbserver’s:

- eye; to-move:aléng dxis= 02-of mirrof: 181, so that:

the linie:ofrsight formediby: théreticle: image 1100
and:the’guhner’s: eye ! 092 will:move in! the:stant
plane containing the: elevation gun'trunnioris and:
thesgun-axisrandtabout an'axis perpendicularto:

-thigsplane. : -Thist:mstsé be termed: motion: in? gun:

slant:plane azimuth. Rotation:of mirror 1 04 will:
causerthigireticlerimage 110 <toappear to move:
perpendicular:toraxis: 102;cproducing mobtionvof:
the ‘liner of :sigh relevation: - As will: bé!'seen;.

mirrors:s101 andt103care dnpularly: displaeed in:

accordance :with thevelevation "and cslant:'plane:
azimuth components: of thésléad: angle reguireds
for proper operation, and theréfore thel:optical:
system:|3:isioperatediin a:sithilar fashion:to that

--of Fligs: 2-and 3}having its:linecofisights offsét.or:"

disturbed fromthe'gun orientation by the arhount:-

and.inrthe directiont of: the resultant lead angle::
‘Inoperation, the:gunnerwill actuate the mans=:

ual controller: 18- to maintainithe targét central~ -

clzZedrowith rrespect. to rthesreticls image 1107 atv

which: time: the preper: 'tracking  condition’ for"
effective fire:isobtained: Manual: control‘ mem:=:-
ber-18-in: Pig::4+isshown ias: beéing. of ‘the type:
having:indébendent disSplacements:about two in=-

dependent: axes;:corresponding to the elevatmn;

axisrandithe:azinruth axis of rotationof thé gun:
and sight: ThHusgfixed to control:mermber 18 ds:
a-member:1 I:forined as:aisector:of g circlehay-: -
ing:its centeralong the.pivotraxis:i 12 of theman-
ugl control. /I8 ‘Disposedralong the reircumfers:

IR g W
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ence of this circular member 11{ is a cable {13
which is maintained ih close contact with this
circumference by means of an idler pulley {{4.
Upon motion of manual conitrol 18 about axis 112,
cable 113, operating against the pill of & spring
116, whose remote erid is fixed as at 117, will serve
to translate arm 50, and thereby dlsplaces the
ball carriage 51 of the variable speed drivé 52 in
thé same manner as in Fig. 3. The rotation of
the output eylinder 56 of the variable speed drive
52 is then led through différential 58 to output
shaft 88 controlling a torque amplifier §6 driving
the elevation pinion 16 engaging the elevation
rack or ring gear (71 and thereby driving the en-
tire apparatus here shown, together with the guns
fixed with respect thereto, in elevation, at a rate
proportional to ‘the. elevation -displacement of
manual controller {8. This action is exactly
similar to that of Fig. 3.

At the same time, this motion of arin 50 moves.

a lever §8 about 2 pivot 69 and thereby displaces

the elevation mirror {61, as by means of a suit-.
able cable 118, or other mechanical coupling, to:

displace the line of sight determined by the

reticle image {i0 in the same direction as the.
In addition, the mo-:

guns are starting to move.
tion of arm 56 moves a lever 16 about a pivot 17

and thereby displaces the ball carriage 86 of vari-:
able speed drive 81, whose drive disc 8¢ is driven:

from motor {18 in the manner to be described.

The output cylinder 88 of variable speed drive 87:

drives a gear 121 meshing with an elongated pin-

jon 122 which is rotatably mounted on'a link (26"

coupled to 'lever 16, and which is internally

threaded to receive a threaded shaft {23 movable ::
in translation together with the ball carriage 86.°

as cylinder 88 turns, pinion 122 is rotated and

the screw shaft 123 is thereby screwed in or out:
in a sense to restore ball carriage 88 toward its’
neutral position. In this respect, the device of:
Fig. 4 is similar to the linkage system 83, 82, 19,.
92, 94, 81 of Fig. 3, and serves to delayably rotate:
gear 121 by an amount proportional to the dis-:

placement of manual controller 8, and also pro-
portional to the angular velocity of the guns, and

hence of the target when tracking therewith.
Gear 121 also operates through suitable gear-

ing 124 to rotate a screw 93 carrying the nut 95-

which supports the pivot 69, and thereby delay-
ably rotates mirror {0 by the amount necessary
to withdraw the line of sight from its original
advanced position and to displace it from the gun

orientation by the proper prediction lead angle.:
Pivot 11 is made adjustable under the control of .
55

the range knob 98 and time-cf-flight cam 96 in
the same manner as in Fig. 3. Gear (2] also
adds its motion to that of cylinder 56 in differen~
tial 58, also as in Fig. 3.

As thus far described, the present system is
identical with that of Fig. 3, merely replacing the
sight 13 by an equivalent sighting. device {01,
103. In order to introduce the super-elevation
component of the elevation lead angle, output
shaft 59 of differential 58 operates -through a
worm (26 and a worm wheel 27 to rotate a cam
{28, whose follower {29 is thereby translated in
proportion to the cosine of the angular displace~
ment of shaft 99, and therefore in accordance
with the cosine of the angle of elevation of the
gun. The displacement of: follower 129 corre-
spondingly displaces arm {3 carrying the rack
132 cooperating with a pinion 33, which is
thereby rotated through an angle corresponding
to the cosine of the angle of gun elevation. Pin-
ion 133 actuates a flexible shaft 134, which in
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turn rotates a screw shaft 136 rotatably mourted
upon arm 53. Screw 136 in this manner trans-
lates a nut 137 mounted thereon, which carries
the pivot (38 for lever 76. Thus, the displace=
ment of lever 76 produced by manual control (8
is - modified by an additive coniponent propor-
tional to the cosine of the angle of elevation.
This modification of the displacement of lever
16 produces a corresponding modification of the
resultant angular displacement of output e¢yl-
inder 88 of variable speed drive 81, which thus
operates through screw 93 and nut 95 to modify
the lead angle of mirror 101, which is thus con-
trolled both in accordance with the prediction
lead angle and the superelevation lead angle to
provide the proper resultant lead angle in ele-
vation for effective fire.

Shaft. 59 is coupled to torque amplifier 66 driv-
ing pinion {6 with respect to fixed elevation rack
{7, similar to the arrangement of Fig. 3.

The control of the azimuth mirror 103 is ex-
actly similar to that of the elevation mirror 10{
and need not be further described, similar ele-
ments being given similar reference characters,
but primed. It is to be noted, however, that the
angular motion of the line of sight produced by
azimuth mirror {03 occurs in the slant plane de-
termined by the gun orientation and the pivot
axis 1082 of mirror i0l1 parallel to the gun eleva-
tion trunnions. The azimuth control of the guns,
however, is generally about a fixed vertical axis,
as in Fig. 1, or in a horizontal plane. In-order
to properly control the guns, therefore, it is
necessary to convert angular displacements in

‘azimuth in the slant plane into the correspond-

ing azimuth angular displacements in the hori-
zontal plane. As is well known, this conversion
may be performed by multiplying the slant plane
azimuth values by the secant of the angle of ele-
vation, or by dividing by the cosine of the ele-
vation angle. For. this purpose, output shaft
58’ of differential 58’, corresponding to output
shaft 59 of Figs. 2 and 3, which is angularly dis-
placed in accordance with the gun slant plane
azimuth, serves to actuate the drum cylinder 41
of a variable speed drive 142, whose hall carriage
143 is translated in proportion to the cosine of
the angle of gun elevation by means of arm {3{.
By so doing, the disc 144 of variable speed drive
{42 is actuated in accordance with the ratio of
the displacement of cylinder (4i to that of ball
carriage (43, and will therefore be displaced in
proportion to the product of the displacement of
shaft 59’ by the secant of the angle of elevation.
The output derived from disc 144 is then led to
a; torque amplifier 66’, similar to that of Figs; 2
and 3, and serves to actuate the azimuth drive
pinion {8 cooperating with the azimuth ring gear
17’ to rotate the entire apparatus in azimuth.

As thus far described, the present device of
Fig. 4 has added the superelevation control and
the correction for slant plane data to the de-
vice of Fig. 3.. In order to adjust the settling
time in accordance with the time of flight, range
knob 98 and cam $6 actuate a link 146, which
in turn is pivoted to a lever 147 having a fixed
fulcrum at 143°. In this manner, lever {47 adjusts
the ball carridage 148 of a further variable speed
drive (49, whose drive disc 151 is driven at con-
stant speed from constant speed motor ({9, in ac~
cordance with fime-of-flight. The output cyl-
inder 152 of variable speed drive 149 then drives.
the drive discs 99 and 88’ of variable speed drives:
87 and 87’. In this manner, the settling time of
the variable speed drives 87 and 87’ is adjusted:
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in accordance with the time of flight or range of
the target, so that optimum performance may
be obtained both for close-in targets and for dis-
tant targets.

The apparatus of Fig. 2 may be adjusted sim-
ilarly to allow for close-in or remote targets by
adjusting the value of resistor 47 or condenser
46. Preferably, for reasons of simplicity, resistor
47 is made adjustable for this purpose.

Although the above modifications have been
described as using the friction disc type of vari-
able speed drive, it is to be noted that any other
type of device yielding an output rate of turn
corresponding to an input displacement may be
used.

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 g

description or shown in the accompanying draw-
ings shall be interpreted as illustrative and not
in a limiting sense.

What is claimed is:

1. A computing gun sight comprising a sight-
ing device mounted on and adapted to be moved
with ‘a gun, means for producing a control volt-
age corresponding to a desired angular velocity
of said gun, means responsive to said voltage,
and ineluding a . speed generator adapted :to
produce a speed voltage proportional to the an-
gular velocity of said gun, for driving said gun
and sighting device at said desired angular ve-
locity, and means for offsetting the orientation
of said sighting device from that of said gun in
a direction opposite to the motion of said gun
and in proportion to said angular velocity, com-
prising means for displacing said sighting device

<
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relative to said gun in proportion to said speed
voltage, whereby said sighting device lags said
gun by the prediction lead angle.

2. A computing gun sight as in claim 1 fur-
ther including means for momentarily further

- displacing said sighting device relative to said

15

gun in the same sense as the motion of said gun

and in proportion to the rate of change of said

control voltage whereby an aided tracking con-
trol of said sighting device is provided so.that

it may be more readily tracked with a target.

3. A computing gun sight as in claim 1, fur-

‘ther including means responsive to a change in

said control voltage for initially displacing said
sighting device relative to said gun in the same
sense as the motion of said gun and for delay-
ably removing said initial displacement, where-
by said sighting device may be stably and easily
tracked with a target. :
RAYMOND C. GOERTZ.
HARVARD L. HULL.
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