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1

This invention relates to means for training

guns on aireraft and more particularly to & man-
ual system for the control of antiaircraft fire
in which plane speed and altitude, as well as
shell fuse setting, are translated into superele-
vation on the gun without recourse-to.antiaireraft
! 1eets or sightsetting tables.
The gun training means here cofsidered is de-
signed for those guns which are manually oper-
ated as distinguished from those automatically
controlled, though the latter may be equipped
therewith to enable the guns to be used in the
event of the failure of the automatic equipment.
Installations in which antiaircraft guns are man-
ually trained are usually found on such vessels
as merchantmen, cutters, and corvettes, as well
as in many land batteries.

Dual purpose guns heretofore used have been
provided with a range drum for superelevating
the gun to the position corresponding to the
range in yards to the target in a horizontal plane.
For antiaircraft fire the sight scales are gradu-
ated in minutes of arc and are set direcfly in
terms of superelevation. 'This sight scale is on
the sword arm affixed to the sight bar. The
method of sighting now practiced for a manually
operated gun, when used against aircraft, re-
quires the services of about seven men, five at
the gun and two on the bridge. As air attacks
are incredibly swift all members of the gun crew
must bz at their stations ready for action when
the attack begins, a condition seldom realized in
practice. Even when in readiness, the crew can
only put up a barrage against a high level attack,
which,
time does not permit an effective defense against
a low level bombing or strafing attack. Under
the last mentioned attacks the delay between ob-
servation of the plane and gun training thereon
reduces the time of controlled firing to a negligi-
ble amount. For example, a low level bomber,
or a strafing plane, approaching the target at
about 1500 feet elevation will be within effective
range of the 3’’ antiaircraft gun for about 21
seconds before bomb release if the plane speed
is 240 knots. This means that for customary fuse
settings of 2, 4 and 8 seconds the plane will be in
any one zone about 7 seconds. Within this time,
the pointer and trainer must get the plane in the
sights, the observer and plotter must determine
plane speed and elevation and calculate the
range from the line of sight barrage curves for a
selected fuse setting, This data is transmitted to
the sightsetter who puts it on the gun. The dead
time, i, e, the time allowed for making observa-
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tions and calculations and setting the gun sights,
is about five seconds, so if the plane takes 7
seconds to pass from one zone to another there
remains but 2 seconds in which the gun may be
fired and, as a good gun crew can fire only 20
shots per minute from a 3’/ gun, it will be seen
that only one or two aimed shots may be had for
any given fuse setting.

In guns of the type here considered, the sight
bar is hinged to the top of the sleeve which sup-
ports the gun barrel. The sleeve is provided
with trunnions enabling the gun to be raised and
lowered in a vertical plane and the trunnions rest
on a base mounted for rotation so that the gun
may be rotated in a horizontal plane. This sight
bar has two sighting means thereon, one on each
side of the gun, by means of which a pointer and
a trainer keep the aircraft in their respective
sights by rotating the gun in a horizontal plane
and in a vertical plane. As the trajectory of the
shell is curved, the axis of the gun barrel and the
line of sight established by the sighting means do
not coincide and the angle therebetween is
designated as the superelevation, or angle of

5 elevation, of the gun. This superelevation is de-

termined by the speed, elevation and distance of
the target as well as the shell trajectories and
since explosive shells are used the fuse must be
set to explode the shell at the proper time. In
practice, the fuse settings of the shells are for
2, 4, 6 and 8 seconds and the superelevation
calculations for barrages to be set up at ranges
corresponding to the fuse settings are termed
zones,

In the instant invention the degree of super-
elevation of the gun is determined by an instru-
ment which supplants the range drum hereto-
fore used and can be readily installed on existing
guns by a simple substitution of parts. This
instrument integrates plane speed, fuse setting
and position angle directly into superelevation in
one operation and obviates recourse to tracking
sheets or charts and eliminates the dead time
resulting therefrom. Characteristics inherent in
the system permit the operators readily to detect
and correct errors in judgment in estimating the
speed of the target, the only factor which must
be estimated.

It is the object of this invention to provide
means for training a gun on an aerial target.

It is a further object of this invention to pro-
vide means for translating target speed and posi-
tion angle into superelevation on a gun for se-
lected fuse settings.

It is a further object of this invention to pro-
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vide means on the gun for altering the super-
elevation thereof in accordance with the angle of
elevation and speed of the target upon which the
gun is trained for predetermined values of fuse
settings.

It is a further object of this invention to pro-
vide means on the gun for integrating target
speed, target elevation, as indicated by position
angle, and fuse setting into superelevation.

It is a further object of this invention to pro-
vide an instrument coupled to the sight bar ele-
vating means to put the proper degree of super-
elevation on the gun for any combination of posi-
tion angle, target speed and fuse setting.

A further object of this invention is to provide
means for visually indicating the position angle
of the target.

Other objects of the invention will be more fully
disclosed in the following description and claims.

The preferred form of the invention is shown
in the accompanying drawings in which:

Fig. 1 is a side elevation of conventional 3’
dual purpose gun showing the instrument and the
position angle indicator mounted thereon.

Pig. 2 is an exploded perspective view of the
principal parts of the instrument drawn on a
reduced scale.

Fig. 2a is a perspective view of one of the mem-
bers supporting the dial 62 and is drawn on the
same scale as Fig. 2.

Fig. 2b is a perspective view of the shaft and
gear for carrying and driving the dial of the
instrument and is drawn on the same scale as
Fig. 2. i

Fig. 3 is an elevation of the instrument as it
appears mounted on the gun and is drawn to the
same scale as Fig. 2.

Fig. 4 is a sectional view along the line 4—4 of
Fig. 3.

Figs. 5, 6 and 7 are full scale drawings of the
transparent curve charts upon which are in-
scribed the position angle curves for zones 2, 4
and 8, respectively, and are calibrated for use
with a 3* 50 caliber gun and 13 pound antiair-
craft projectiles having a 30 second mechanical
time fuse.

Fig. 8 is a simplified trajectory chart for the
gun shown in Fig. 1 and firing 13 pound anti-
aircraft projectiles having an initial velocity of
2615 feet per second.

Fig. 9 is a chart of position angle versus super-
elevation for the range of speeds indicated and is
constructed from data taken from the chart
shown in Fig. 8 for use in deftermining the posi-
tion angle curves for zone 8 as shown in Fig. 7.

Fig. 10 is an elevation of a position angle
indicator.

Pig. 11 is a cross section taken along the line
i—11, Fig. 10.

Figs. 12 to 14 relate to a modified method of
calibrating the gun sight.

Referring more particularly to the drawings,
Fig. 1 shows 2 3’/ gun equipped with means em-
bodying the principles of the instant invention
for training the gun on an aerial target. The
gun is of conventional type and of the kind found
on most non-combatant ships now afloat. It
has a barrel (1 slidably mounted in a sleeve, or
slide, 12 which carries trunnions (3 journaled
on the base {4 which is adapted .to be rotated
in a horizontal plane. A hand wheel 15, oper-
ated by the trainer, serves to rotate the base 14
while a similarly positicned wheel (not shown)
on the other side of the base, operated by the
pointer, serves to rotate the gun barrel {{ in a
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vertical plane about the trunnions (3, thus per-
mitting the gun to assume any desired position.

The sight bar 16 is pivotally mounted on a
shaft §1 attached to the sleeve 12, This bar has
a pointing sight (8 carried by a bracket 21 on
one side of the sleeve and comprises a rear sight
19 and a ringsight 20 spaced forwardly thereof.
A similar training sight (not shown) is affixed to
the sight bar on the other side of the sleeve.
These sights are kept on the target at all times
by proper manipulation of the gun by the pointer
and trainer. A sword arm 22 is affixed to the
end of the sight bar 18, projecting downwardly
therefrom, and passes through a fixture 23 car-
ried by, and attached to, the sleeve (2. Gear
teeth 24 on the sword arm mesh with a gear (not
shown) operated by a hand wheel 25 whereby
the angular position of the sight bar may he
varied with respect to that of the gun, the differ-
ence in such angular position, angle S in Fig. 1,
being designated as the superelevation on the
gun. The position angle of the target, angle P,
is the angle the sight bar makes with the hori-
zontal plane when trained on the target. 'The
difference in angular position of the gun barrel
(1, i. e. firing angle, and the sight bar 16 is due
to the fact that the trajectory of the shell fired
by the gun is curved rather than straight. The
line of sight, therefore, forms the chord to the
curved path of the shell,

The degree of superelevation required for any
given target is indicated by the instrument 26.
A position angle indicator 27 is carried by the
sight bar 16 to furnish part of the information
required by the sightsetter who operates the in-
strument. The customary means for correcting
for deflection is provided in the deflection drum
28 and hand wheel 29, the operation of which
serves to move the sight bar in a direction nor-
mal to that caused by the manipulation of hand
wheel 25. When the attacking plane is coming
directly at a ship, no lateral deflection correction
for the plane is required and the only correction
needed is for the shell deflection.

The instrument 26, shown in detail in Figs. 2,
3 and 4 comprises a housing 30 having a flat
face and a rearwardly projecting annular flange
31. Bosses 32 integral with the housing are pro-
vided with axially disposed bores 33 for bolting
the housing o the gun. The housing has an en-
larged section 34 at the upper part of the flange
3( into which projects a shaft 35 having a handle
36 affixed to its outer end and a pinion 51 at-
tached to its inner end. The face of the housing
30 is provided with three ports 37, 38 and 39
spaced 90° apart and of the same configuration.
Fixed indicators in the form of crosshairs com-
prising radially positioned wires 40, 4i and 42
bisect the ports and are attached to opposite
edges thereof. The ports 37, 38 and 39 have the
numerals 2, 4 and 8, respectively, inscribed in
the face at their centrally located edges and
serve to indicate the zone, or fuse setting, of the
shell for which that particular port is associ-
ated.

Two apertures 43 and 44 are also provided in
the face diametrically opposite port 38. Aper-
ture 43 is designated “Range” while aperture 44
is designated “Speed” which refers to the speed
of the target upon which the gun is directed.

A stud 45, Fig. 4, integral with the housing 30,
projects rearwardly from the center of the face
thereof and rotatably supports 2 plate 46 in close
proximity to the wires 40, 41 and 42 in the ports
31, 38 and 39. The plate 46 is relatively thin and



2,487,828

5

is provided with a flange 47 at the edge thereof,
a part of which is cut away, along with part of
the plate, to form gz notch 48 along = portion of
the periphery thereof for a purpose subsequently
described. 'The flange 47 projects forwardly and
carries an enlarged portion 49 to which is affixed
a segment of a gear 58 covering about 30° of arc.
This portion 49 and gear 50 fit within the en-
larged section 34 of the housing 30. The pinion
51 (Pig. 4) carried by the shaft 35 meshes with
the gear segment 50.

The plate 46 has a large central aperture 85
which receives a hub 53. Screws 54, Fig. 4, pass-
ing through apertures 36, secure the plate to the
rim of the hub 53. The hub is concave in cross
section and has an enlarged centrally disposed
boss having a bore 55 for journaling the hub and
attached plate 46 on the stud 45. A spring clip
84 serves to retain the hub on the stud 45. The
shape of the hub permits the plate 46 to be placed
in close proximity to the inner face of the housing
30. By rotating the knob 36, limited rotation of
the plate is effected by means of the pinion and
gear segment. The plate 46 has three apertures
56, 57 and 58 cut therein and spaced to immediate-~
1y underlie the ports 31, 38 and 39 in the face of
the housing 30. Transparent curve charts 59, 60
and 61, of some suitable material, such as “plexi-
glass,” and of a size slightly larger than the aper~
tures 56, 57 and 58, are positioned gver the aper-
tures and affixed to the plate by rivets 93. Upon
these transparent curve charts are inscribed the
position angle curves shown in Figs. 5, 6 and 7 and
which are constructed in the manner hereinafter
described.

The plate 46 has a scale of speeds inscribed
thereon at a point diametrically opposite the
aperture 57 and positioned to underlie aperture 44
in the cover 30 through which it may be observed.
This scale covers speeds of from 100 to 400 knots
and are so positioned that about ten degrees of
angular movement of the plate 46 is needed to
change the speed reading, indicated by the pointer
92, an amount equal to 100 knots. Thus the lim-
ited rotation of the plate 46 through manipulation
of the knob 36 produces a position thereof corre-
sponding to a selected plane speed causing the
charts 59, 60 and 6f to assume a different posi-
tion with respect to the wires 40, 41 and 42. Thus,
the wires intersect the position curves on the
transparent curve charts at different points for
different speeds and permits the sightsetter read-
ily to compensate for one of the variables, namely
plane speed, in training the gun on the target.

A dial 62, independently mounted for rotation
immediately behind the plate 46, is provided with
a reinforcing flange 63 at the outer edge thereof
and has a central aperture 64. A pair of nesting
dished members 66 and 67 slightly larger than
the aperture 64 serve to carry the dial in proxim-
ity to the plate 46. The member 6T has a conical
wall 68 having a face 69 which abuts the dial 62.
An annular boss 70 on the inner edge of the face
69 fits within the aperture 64 of the dial 62 and
serves to position and center the dial on the mem-
ber 61. The member 66 nests within the member
67 and is provided with a lip 71, overlying the
face 69, and serves to clamp the dial 62 therebe-
tween when the members are fastened together by
means of screws 72. The members 66 and 87 are
centrally apertured and are keyed to a shaft 65
by means of pin 13 which passes through aligned
holes 74 and 15 drilled in the member 671 and the
shaft 65, respectively. A worm wheel 16 is suit-
ably fastened to the shaft 65. It will be seen that
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rotation of the worm wheel 76 will impart a pro-
portionate degree of rotation to dial 62,

The dial 62 has inscribed on the face thereof
conventional range calibrations shown as short
radial lines 717 around the outer edge. Numerals
indicating the range thereof have been omitted
in the interest of clarity, but are infended to be
viewed through the aperture 43 in the housing 30
and are aligned with the pointer 718 to give the
range for surface firing. The notched portion 48
of the plate 46 prevents obstruction of that por-
tion of the dial carrying the range calibrations.
The dial also has inscribed thereon three spirals
19, 80 and 81, of the same general configuration,
symmetrically arranged about the aperture 64.
The numerals 2, 4 and 8 are inscribed at spaced in-
tervals adjacent the respective spirals and desig-
nate zones or fuse settings in seconds. Each spi-
ral is to be used only in conjunction with the port
having the same designation, as for example, spi-
ral 80, bearing the inscription “4,” would only be
used in conjunction with port 38 bearing the same
inscription, namely “4.” These spirals are of a
configuration designed to permit them to be easily
read in conjunction with the cross wires and posi-
tion angle curves.

The radial distance to any point on each spiral
is a variable so that each spiral intersects its re-
spective wire (40, 41 or 42) at a different point
along the length of such wire depending upon the
angular displacement of the disc. Thus, if the
dial 62 is made to rotate in unison with the change
in superelevation of the gun as measured by the
sightbar 16, the radial distance to any given point
on a spiral will be a measure of the superelevation
on the gun. 'The point at which the spiral should
cross the wire, for any selected zone, is then de-
termined by the position angle curves which com-
pensate for the angular position of the target and
its speed.

A housing 83, Fig. 4, is affixed to the gun and
has attached thereto, by means of bolts 84, the
housing 30 which is of the same general con-
figuration. A worm 82 is journaled in the housing
83 and is rotated by means of the shaft 85, Fig.
3, which projects externally of the housing and
to which is affixed the hand wheel 25. The shaft
65 is also journaled in the housing 83 at right
angles to the worm 82 and the worm wheel 16
affixed to the shaft meshes with the worm 82.
The sword arm 22 meshes with a gear (not shown)
operated by the shaft 85. Thus operation of the
hand wheel 25 to rotate shaft 85 and worm 82
will cause angular movement of the sight bar 16
about its pivot (T to change its relative position
with respect to the axis of the gun barrel i
in a conventional manner, and at the same time
rotate dial 62 a proportionate amount.

As the angular movement of the sight bar 16
is proportionate to that of the dial 62, each posi-
tion of superelevation of the gun will have a cor-
responding angular position of the dial. By using
a curve on the face of the dial whose radius
vector increases with its vectorial angle, such as
the spirals shown, the radius vector for any point
on the curve will correspond to a specific degree
of superelevation of the gun. Then by rotation
of the dial 62 the radius vector of a magnitude
corresponding to the desired superelevation may
be made to appear at some common reference
point. This reference point is somewhere along
the crosshair and its exaect position depends on
the position angle and speed of the plane. These
variables have been compensated for in the posi-

75 tion angle curves which intersect the crosshair,
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The point of intersection of the position angle
curve for the attacking plane, of observed speed
and position angle, with the crosshair marks the
magnitude of the radius vector which should be
matched therewith to obtain the proper super-
elevation on the gun. This matching comprises
merely turning the dial, (through the superele-
vating hand wheel), until the spiral underlies the
point of intersection referred to above.

The position angle indicator 27, Figs. 1, 10 and
11, comprises a flat quadrant 86 having a shallow
arcuate groove 87 cut in the face thereof adjacent
the curved edge thereof. The quadrant is cali-
brated in degrees along that portion adjacent
the groove 87 and covers a range of angles from
0° to 90°. An arcuate transparent tube 88 of some
suitable material, such as “plexiglass,” seats in
the groove 81 and is held in place by bands 89
fitting over the tube and secured to the face of
the quadrant by screws 90. The tube 88 is sealed
and contains a ball 91 which loosely fits therein.
A suitable fluid, such as kerosene, fills the tube
and serves to dampen the movement of the ball
which is influenced by gravity to rest in the lowest
part of the tube for all positions of the quadrant.
The quadrant is affixed to the sight bar so that
the curved edge thereof is lowermost and in such
position that the ball 91 is adjacent the zero de-
gree calibration when the sight bar is horizontal.
The indicia on the quadrant reads in degrees
along this edge from left to right. The ball will
thus serve to indicate directly the position angle
of the plane upon which the sights are trained.
This information is used by the sightsetter in put-

ting the required degree of superelevation on 3

the gun as hereinafter explained.

The method of determining the position angle
curves, inscribed upon the transparent curve
charts 59, 60, and 61, will now be described. The
complete curves for zones 2, 4 and 8 are shown in
Figs. 5, 6 and 7, respectively.

A simplified trajectory chart for a 3 inch, 50
caliber antiaireraft gun using thirteen pound
antiaireraft projectiles with a 30 second mechani-
cal time fuse and having an initial velocity of
2615 feet per second is shown in Fig. 8. The
ordinates of the trajectories are the altitude in
feet, and the abscissas the range in yards. Tra-
jectories for every ten degrees of elevation of
the gun are shown and are marked in degrees.
This elevation of the gun is the angle between the
axis of the gun barrel and a horizontal line.
Curves representing the loci of shell bursts for
fuse settings of 2, 4, 8, 12, 20 and 30 seconds are

plotted on the same chart. A position angle scale !

is also given to facilitate use of the chart.

An examination of the chart reveals that the
trajectories are curved so that the axis of the gun
barrel must be elevated to a greater angle than
would be the case if the trajectory were a straight
line. If the fuse setting of the shell is 8 seconds,
the time of flight is eight seconds and if the shell
is to hit a moving target, allowance must be made
for the distance traveled by the target during the
eight second flight. This distance will vary with
the speed of the target. For any given elevation,
the position angle of the target at the time the
shell leaves the gun decreases with an increase in
speed. As the trajectory for any given elevation
for a particular zone is constant, the supereleva-
tion must increase with an increase in target
speed. That is to say, a fast plane will require
more superelevation of the gun than a slow
plane. There is also a change in the supereleva-
tion for different elevations and for different
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zones or fuse settings. It therefore becomes
necessary to express the position angle of the
plane, which includes altitude as an element
thereof for any particular zone, in terms of super-
elevation for the range of speeds to be expected
in attacking planes. Such a series of curves will
supply the data reguired for the calibration of
the gunsight described above. Fig. 9 discloses the
position angle versus superelevation curves for
the gun and projectiles having the characteristics
recited in the preceding paragraph covering plane
speeds of 100 to 400 knots for zone 8.

The data for constructing the curves of Fig. 9
is obtained from the chart of the trajectories,
Fig. 8, in the following manner. Both the plane
and shell are in flight at the same time and to
determine the position of the plane at the time
the shell leaves the gun, it is necessary to deter-
mine the distance covered by the plane for a
period time corresponding to the fuse setting of
the shell. This distance is then measured in a
horizontal direction from the selected curve of
fuse setting or zone at the desired altitude. From
this position, the position angle of the plane may
be found from the chart and represents the same
angle measured by the sight bar of the gun. The
point of intersection of the path of the plane
with the selected curve of shell fuse setting, in-
dicated by a shell burst, locates a point on a
shell trajectory, the angle of which may then
be taken from the chart. Having thus deter-
mined the position angle of the plane and the
trajectory of the shell, the superelevation to be
put on the gun is the difference therebetween.

For example in Fig. 8, assume that the attack-~
ing plane is approaching the gun at 300 knots
at an altitude of 3000 feet and it is desired to put
up a barrage at zone 8. In eight seconds the
plane will travel 1512 yards. By measuring back
this distance from the zone 8 curve along the
path of the plane, the position P of the plane
may be found at the instant the shell leaves the
gun. The position angle of the plane, POX, is
found to be 9.1°. The point of intersection of
the path of the plane with zone 8, i. e. the locus
of the exploding shells having fuses set for eight
seconds, is a point on the shell trajectory and,
by interpolation, is found to be 15.5°. 'This tra-
jectory is shown by the broken line. The super-
elevation is the difference between these two
values, namely 6.4°. This procedure is repeated
for several plane elevations, however, only one
other construction for an altitude of 6000 feet
has been shown. The plane is at point P’, 1512
yards in advance of the zone 8 curve, at the in-
stant the shell is fired and the position angle,
P’OX, is read as 19.2°, The trajectory passing
through the intersection of the path of the plane
with zone 8 is 28.3°. The superelevation is there-
fore 9.1°. 'The position angles and corresponding
superelevation thus obtained are plotted against
each other, as shown in Fig. 9, to obtain the 300
knot curve.

The curves marked 100, 200 and 400 knots are
all obtained in the same manner from the tra-
jectory chart, sample constructions being deemed
unnecessary as the procedure is the same as that
set forth above, bearing in mind, of course, the
fact that the plane will cover different distances
at different speeds in the eight second period.
Constant altitude curves, marked in 1000 feet,
have been shown in the chart, Fig. 7, to illustrate
the variation in position angle and supereleva~
tion for different plane speeds.

Sets of curves similar to the ones shown in
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Fig. 9 are drawn for zones 2 and 4. These sets,
however, are not shown as the procedure used
in their determination is the same as that here-~
tofore described in connection with the curves
shown in Fig. 9.

Data obtained from the curves shown in Fig.
9 is used to calibrate the instrument in the fol-
lowing manner. As Fig. 9 covers only zone 8,
the data supplied thereby is used only to obtain
the position angle curves for the transparent
curves chart 61 opposite the port 39 which bears
the notation “8” The assembled instrument,
mounted on the gun and supplanting the range
drum usually found thereon, is adjusted by means
of knob 36 to place one of the speeds inscribed
on the plate 46 adjacent the indicator 92 in the
aperture 44 bearing the notation “Speed.” This
will place the chart 61 in one angular position
with respect to port 39 and wire 42. A selected
degree of superelevation is then put on the gun
by turning the wheel 25. This operation also
turns the dial 62 a proportionate amount and
as the spiral 81 inscribed thereon, bearing the
notation “8,” is visible through the transparent
curve chart 61, it assumes a definite position with
respect to the crosshair 42 by reason of the fact
that it is spiral in form. The position angle for
the corresponding degree of superelevation is
then obtained from Fig. 9 and a mark made on
the plate 61 at the point where the crosshair
and spiral cross. If plate 46 is shifted angularly
until another value of speed appears adjacent
the indicator 92, the transparent chart 6l
assumes a different position with respect to the
wire 42. The superelevation for the same posi-
tion angle, but different speed, is then taken from
the proper curve of Fig. 9 and cranked on the
gun, giving another point on the plate 64 as the
change in superelevation has caused the dial 61
to rotate a new segment of the spiral 81 under
the crosshair 42. This process is repeated until
sufficient points have been obtained to permit
drawing a faired line therethrough.

For example, the procedure followed in con-
structing the 10° position angle curve appearing
on the plate 61, Figs. 2 and 7, comprises deter-
mining the values of superelevation for each of
the four speed curves, shown in Fig. 9, for a posi-
tion angle of 10°. 'The superelevation for zone
8 for plane speeds of 100, 200, 300 and 400 knots
for a position angle of 10° are found to be 4.6°,
5.8°, 6.8° and 7.9°, respectively. Plate 46 is then
adjusted to bring the notation “100” inscribed
thereon opposite the indicator 92 and 4.6° of
superelevation is then cranked on the gun. A
mark is made on the chart 61 at the intersection
of the crosshair 42 and the spiral 81 of the dial
62, The plate 46 is then turned to indicate a
speed value of 200 knots and 5.8° of supereleva-
tion put on the gun and a second mark made
on plate 6i. This is repeated for the other two
speeds, giving four points through which the 10°
position angle curve for zone 8 is drawn. This
process is repeated for the other position angles
in 10° increment to produce a uniform series of
curves to facilifate the reading thereof in the use
of the instrument, particularly in view of the fact
that it will be necessary to interpolate for values
of position angles intermediate to those found
on the chart 61.

The position angle curves for transparent
charts 59 and 60 are obtained in the manner de-
seribed above from sets of curves similar to those
shown in Fig. 9, but especially constructed for
zones 2 and 4,
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The above described method of determining the
position angle curves involves the use of the gun,
but it is to be understood that this process could
equally well be carried out cn a drafting board as
the only necessary information required would be
the gear ratios of the worm 82 and wheel 16
driving the dial 62 and the ratio of the gear (not
shown) meshing with the gears 24 on the sword
arm 22. Once the position angle curves are
drawn, they may be used on any similar gun, and
as the gunsight here described is merely substi-
tuted for the range drums heretofore used, the
gunsight may be delivered to the gun and installed
by the crew. This system thus avoids the neces-
sity for any major changes in the gun which
would require return of the vessel to a ship yard.

To aid the sightsetter in the use of the instru-
ment, the parts of the instrument associated with
each zone are painted a distinctive color. For
example, the edges of the housing 30 adjacent the
port 39 and the notation “8” associated therewith,
as well as the spiral 81 on the dial 62, are painted a
bright red. The rim of port 38 and spiral 80 are
painted yellow and port 37 and spiral 19, white.

The reverse of the method used in calibrating
the gunsight is followed in the use thereof. The
pointer and trainer keep their sights on the ap-
proaching plane thus obtaining the position angle
thereof which is read directly from the position
angle indicator 27 attached to the sightbar and
the corresponding position angle curve on the
transparent chart determined. The speed of the
attacking plane is estimated by the sightsetter
and is based upon the make and type of plane
which have fairly definite speeds for the bombing
run. The knob 36 is manipulated until the plane
speed appears in the aperture 44 adjacent the
pointer 92. The sightsetter then turns the hand
wheel 25 until the spiral for the selected zone
lines up with the intersection of the indicafor,
or wire, and position angle curve designated by
the indicator 21.

For example, if a plane is sighted of a type the
sightsetter knows to have a speed of approxi-
mately 250 knots on the bombing run he sets the
gunsight to register a corresponding value of
speed in aperture 44, Fig. 3. He then reads the
position angle of the plane from the indicator 27
which will be about 13° if the plane is about 3000
feet and a little beyond zone 8, and using zone 8,
rotates hand wheel 25 until the red spiral 81 bear-
ing the notation “8” coincides with the point of
intersection of the wire 42 and the 13° position
angle curve of transparent plate 61. As this curve
is not drawn on the plate the position thereof is
determined by interpolation. Fig. 3 shows the
gunsight set for the conditions assumed in this
paragraph. The gun then starts firing to put up
a barrage at zone 8. If the shell bursts appear
to the sightsetter to be ahead or above the plane
it indicates that the proper zone has been selected
and if the plane holds its course it will run into
the barrage at the selected zone. If the plane
passes zone 8, indicated by the bursts appearing
to the sightsetter to be below the plane, he there-
upon. shifts to port 38, zone 4, and lines up the
spiral 80 with the intersection of the position
angle curve, the value of which is obtained from
the position angle indicator 27, with the wire 4{.
Firing of the gun continues with four second fuse
settings of the shell. If the plane gets through
zone 4, indicated by the shell bursts appearing
behind or below the plane, the sightsetter then
shifts to port 37, zone 2, and manipulates the

76 wheel 25 to bring spiral 19 into alignment with the
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point of intersection of the wire 40 and the proper
position angle curve read from the indicator 21,
the gun, of course, firing shells with fuses cut to
two seconds. This method permits the observer
at the gun to determine whether or not the plane
is within or without the zone of fire merely by
observing the position of the shell bursts with
respect to the plane. It should be noted that
these bursts are not in the line of sight of the
plane, except at the point where the path of the
plane crosses the zone,

The instant invention contemplates the calibra-
tion of the gun sight for a line of sight barrage.
That is to say, the sight may be so calibrated that,
if the proper plane speed and elevation are
selected, the shell bursts for any zone are in the
line of sight of the plane both before and after
it passes through the zone. Any deviation of the
shell bursts from the line of sight to the plane in-

dicates that the sightsetter has erroneously :

judged the plane speed or its altitude or both and
permits correction thereof at the gun. Once the
shell bursts appear in the line of sight with the
plane, the plane will run into the barrage at the
zone in which the gun is firing. If the shellbursts
are in front of the plane the correct zone is being
used. If behind the plane, it is necessary to shift
to the next closest zone.

The superelevation on the gun, to place the
shell burst in line of sight with the target, will be
the same value for various plane speeds at various
elevations for any given position angle. That is
to say, the superelevation for a plane at 2,000 feet
altitude and 100 knots would be the same as for a
plane at 4,000 feet and 200 knots or 6,000 feet at
300 knots if the position angle is the same. It
will be observed that the ratio of altitude to speed
for these combinations is a constant. Similarly,
for any other combination of altitude and speed
whose ratio is of the same value, the supereleva-
tion will be the same if taken along the same posi-
tion angle. Thus, the altitude and speed of the
plane may be expressed as a ratio. For any given
ratio, the superelevation will vary with a varia-
tion in position angle as shown in Fig. 12. These
curves are obtained from the chart of trajectories,
Fig, 8, in the following manner.

From. the intersection of the line of sight of the
plane (proposition angle) with the path of the
plane, a distance is measured in the direction of
movement of the plane an amount corresponding
to the travel of the plane for the time in seconds
the shell takes to reach the zone for which the
computations are being made. The intersection
of a line of sight to this measured point with the
zone is the point at which the shell burst and
from it the trajectory of the shell may be de-
termined. The angular difference between the
original line of sight and the trajectory is the
superelevation on the gun, for not only the ele-
vation and speed selected, but for any other ele-
vation and speed having the same ratio. By
taking a multiplicity of altitudes and speeds data
can be obtained for plotting the curves shown in
Fig. 12.

For example, a sample construction has been
illustrated in Fig. 8, using dot and dash lines to
distinguish from the construction discussed in the
other method of calibration. Assume that the
plane is approaching at an altitude of 10,000 feet
as indicated, by the horizontal line and it is de-
sired to throw up a barrage at zone 8, Taking
a position angle of 30° it is found that it inter-
sects the path of the plane at point R. Assuming
the plane speed to be 100 knots, it will travel
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about 450 yards to point R! in the eight seconds
it takes for the shell to travel from the gun to
the point at which it bursts in zone 8. This burst
should be in line with the plane at R1, thus the
intersection E of the line of sight to R! with the
zone 8 curve will give a point on the shell trajec-
tory which is found to be about 37°. The dif-
ference between the position angle of 30° and
the trajectory is 7°, the superelevation for any
combination of altifude and speed whose ratio is
100 and whose position angle is 30°.

If the plane speed is 200 knots the plane will
travel from R to R? in eight seconds and the
corresponding trajectory, to have the shell burst
in line of sight with R?, is 40°. The supereleva-
tion is the difference between the position angle
30° and the trajectory, or 10°. The ratio is
10,000 divided by 200 or 50. This superelevation
of 10° will be the same for zone 8 for all com-
binations of altitude and speed whose ratio is 50
and whose position angle is 30°.

For a plane speed of 300 knots the plane will
have moved to R3 in eight seconds and the cor-
responding trajectory would be 42° and the super-
elevation 12°. The speed-altitude ratio is 33.3.
For a plane speed of 400 knots the plane will
have moved to R? in eight seconds and the cor-
responding trajectory would be 44° and the
superelevation 14°. The speed-altitude ratio is
25. This procedure is repeated for other altitudes,
using the same position angle.

The procedure described in the preceding para-
graph is repeated for a number of different posi-
tion angles and the data thus obtained may be
graphically presented with position angles plotted
against corresponding values of superelevation
for each ratio. Fig. 12 is a graph of the data ob-
tained in this manner for zone 8 and shows the
change in superelevation with change in position
angle for the speed-altitude ratios indicated.
From this graph, the superelevation may be de-
termined if the position angle and speed-altitude
ratio are known.

An inspection of Fig. 12 shows that the effective
range of speed-altitude ratios is from 10 to 120.
The plate 46 is calibrated angularly in terms of
the ratio within an angular section thereof cor-
responding to the extent of movement of the
plate, as shown in Fig. 13. The spacing between
the calibrations increases slightly as the ratio in-
creases, though the divisions may be made uni-
form. The unequal divisions are designed to im-
prove the shape of the position angle curves sub-
sequently described. These ratios supplant the
speeds shown inscribed on the plate 46 shown in
Figs. 2 and 3 and are intended to be viewed by
the sightsetter through aperture 44, which should
then be designated as “speed-altitude” instead
of “speed” alone.

The construction of the position angle curves
on the transparent curve charts carried by plate
46 is similar to that described for the chart 61
shown in Fig. 7. Fig. 14 shows the position angle
curves inscribed on the transparent chart which
should appear opposite port 39, bearing the nota-
tion “8.”

The 20° position angle curve on the chart
shown in Fig. 14 is constructed as follows. The
chart is affixed to the plate 46 and the speed-
altitude ratio 10 is placed opposite the pointer
92 in aperture 44. From Fig. 12, the supereleva-
tion required for a position angle of 20° for any
target whose speed-altitude ratio is 10 is found
to be 18.2°, 'This superelevation is cranked on the
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gun, the sword arm being calibrated in degrees
of superelevation and the point at which the
crosshair 42 crosses the spiral 81 bearing the no-
tation 8 is a point on the 20° position angle curve
and is marked on the chart. The plate 46 is then
rotated to bring the ratio 15 opposite the pointer.
From the graph, the superelevation is found to
be 11.4° when the target position angle is 20°
and the speed-altitude ratio 15. 11.4 degrees of
superelevation is cranked on the gun and the
point of intersection of the spiral 81 and the
crosshair is marked on the chart. This procedure
is followed for each ratio for a position angle of
20°, A curve is drawn through the points thus
marked on the chart to give the 20° position
angle curve. The procedure is repeated for the
other position angle curves shown on the chart.

The charts for the other zones (not shown) are
determined in the same manner from graphs
similar to that shown in Fig. 12, but for zones 2
and 4.

In using the gun sight calibrated for a line of
sight barrage, the pointer and trainer keep their
sights on the approaching plane which is beyond

the zone of fire, thus obtaining the position angle o

thereof which is read directly from the position
angle indicator 21. The corresponding position
angle curve is found on the curve chart. The
sightsetter estimates the altitude and speed and,
obtaining the ratio of these factors, sets the plate
48 by means of knob 36 so that the ratio appears
opposite the pointer 92 in aperture 44. The sight-
setter then turns the hand wheel 25 until the
spiral for the selected zone lines up with the in-
tersection of the wire and position angle curve
designated by indicator 27. Firing of the gun
starts and if the speed-altitude ratio has heen
properly chosen, the shell bursts will be in line
of sight with the plane and it will only be neces-
sary to keep firing at that setting of speed-alti-
tude ratio to have the plane run into the barrage
when it crosses the zone of fire. As fthe position
angle of the plane changes as it approaches the
gun the sightsetter must manipulate the hand-
wheel 25 to keep the spiral on the dial 62 at the
intersection of the position angle curve at any
instant. If the shell bursts appear to be in back
of the plane, it has passed through the barrage
and the next zone must be used to bring the plane
within range though the speed-altitude ratio is
not altered.

If the shell bursts appear to be above or below
the plane the sightsetter knows that he has in-
correctly estimated the speed and altitude of the
plane. Correction can be made merely by chang-
ing the value of the ratio appearing in aperture
44 until the shell bursts appear in line of sight
of the plane whereupon the sightsetter knows
that the proper ratio has been found. 'This ad-
justing can be effected by firing the gun at the
plane long before it reaches the farthest zone
for which the instrument is calibrated so that by
the time it is in effective range the gun is properly
trained on the target.

While T have described the preferred form of
my invention I do not wish to limit myself to
the precise details as shown but wish to avail
myself of such variations and modifications as
may come within the scope of the appended
claims.

The invention described herein may be manu-
factured and used by or for the government of
the United States of America for governmental
purposes without the payment of any royalties
thereon or therefor.
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I claim:

1. A sighting apparatus for use against targets
of high elevation having g reading device com-
prising a rotatable dial whose angular displace-

5 ment is a function of the elevation, a curve on
said dial whose radius vector varies with its vec-
torial angle, a fixed indicator mounted over said
dial, and a transparent multicurve chart mov-
able with respect to said indicator through which

10 said dial is visible; the curves on said chart each

representing a different position angle for a par-
ticular zone, the coordinates for said curves in
one direction representing plane speed and in
the other direction representing superelevation,
whereby matching of a point on said curve with
the point of intersection of the said indicator and
selected position angle curve for a selected speed
sets the said apparatus for the proper firing angle.

2. The combination of a gun and a sighting
20 apparatus therefor for use against targets of high
elevation, said apparatus having three reading
members, one being a rotatable dial whose angu-
lar movement is a function of the superelevation
of said gun, said dial having a curve inscribed
thereon whose radius vector varies with its vec-
torial angle, another being a fixed indicator
mounted over said dial and approximately nor-
mal to said curve, and another being a trans-
parent multicurve chart mounted for limited
30 movement over said dial; the curves on said chart
each representing a different position angle for
a particular range, the coordinates of said curves
being plane speed and superelevation respectively,
whereby the conjunction of said members will
indicate the degree of superelevation on the gun
which corresponds to the position angle read on
the said chart.

3. The combination of a gun and a sighting
apparatus for use against targets of high eleva-
tion, said apparatus having three reading mem-
bers comprising a rotatable dial whose angular
displacement is proportional to the superelevation
of said gun and having a spiral inscribed thereon,
. a fixed crosshair mounted over said dial, and a
45 transparent multicurve chart mounted adjacent

said dial and adapted to be displaced with respect

thereto, said displacement being proportional to
the speed of the target; the curves on said chart
each representing a different position angle for

50 3 particular range, the coordinates of said curves

being plane speed ahd superelévation respectively;
whereby rotatlon of the said dial to align the said |

curve with the point of intersection of the said *

Erosshair, and a selected. Dbosition angle curve will

“produce the required degree of superelevation 6n’

the said gun.

4, In combination, a gun, means Joumahng
said gun for angular movement in a vertical
plane, a sight bar,<means hinging said sight bar

00_on_said gun for movemmin "8 vertical plane,

“means for angularly diDIEGHs the said sight

bar with respect to the said gun, a dial coupled

to said last mentioned means for angular rota-
tion proportional to the angular displacement

65 of said sight bar, a spiral inscribed on said dial,

a crosshair affixed to said gun, a transparent

curve chart, means for mounting said chart for

movement with respect to said dial, means for
moving said chart an amount commensurate

70 with target speed, position angle curves inscribed
on said chart to intersect said crosshair, said
curves being calibrated radially in terms of
superelevation for one zone and being calibrat-
ed angularly in terms of target speed, whereby

76 operation of said means for displacing the sight
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bar to rotate the dial until the spiral underlies
the point of intersection of said crosshair and
selected target position angle curve for the se-
lected target speed will place the proper super-
elevation on said gun for the zone.

5. In combination, a gun, a sight, means jour-
naling said gun for angular movement in a ver-
tical plane whereby said sight may be kept on a
target, means for effecting relative movement
between the said gun and said sight, and means
for indicating the amount of said movement for
any selected target, said means comprising a
housing, a dial in said housing, means coupling
said dial to said means for effecting relative
movement between said gun and said sight to
rotate said dial in proportion to the amount of
relative movement of said gun with respect to
said sight, a spiral on said dial, a transparent
curve chart, means journaling said chart in said
housing in front of said dial, means for angularly
displacing said chart, said displacement being
proportional to target speed, said housing hav.
ing a port adjacent said chart, a radial cross-
hair in said port, said chart having a series of
radially spaced position angle curves calibrated
in terms of superelevation for a selected zone,
whereby alignment of points on the spiral, cross-
hair and a position angle curve will place the
proper degree of superelevation on the gun for
a target whose position angle corresponds to that
read on the said chart.

6. In combination, a gun, a sight, means jour-
naling said gun for angular movement in a ver-
tical plane whereby said sight may be kept on
a target, means for superelevating the gun,
means for indicating the degree of supereleva-
tion, said means comprising a dial, means cou~
pling said dial to said superelevating means for
rotation proportional to the degree of superele-
vation, a curve on said dial, a crosshair affixed to
said gun, a transparent curve chart movably
mounted over said dial, means for moving said
chart, said chart having a series of radially
spaced position angle curves calibrated in one
direction in superelevation for a particular zone
and the other direction in terms of target speeds,
whereby alignment of points on the curve, cross-
hair and position angle curves will indicate that
the proper degree of superelevation has been
placed on the gun.

7. In a gun sight, a housing having a port there-
in, a reference line across said port, a transparent
plate, means supporting said plate adjacent said
port for limited movement with respect thereto,
position angle curves on said transparent plate
underlying said reference line, a dial mounted
for rotation adjacent said plate, a spiral in-
scribed on said dial adapted to underlie said
reference line, the radial distance to any point
on the spiral corresponding to a particular de-
gree of superelevation, said position angle curves
indicating the point of intersection of the spiral
with the reference line for observed speed and
position angle of a target.

8. In a sighting apparatus for gumns, a gun
mount, a gun journaled in said mount, sighting
means, means journaling said sighting means
on said gun, means for changing the position of
said sighting means with respect to said gun,
a dial carried on said gun and driven by said
last mentioned means, a spiral inscribed on said
dial, a transparent chart overlying said spiral
and mounting for limited angular displacement,
said chart having position angle lines inscribed
thereon corresponding to different angles of ele~
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vation of the target for different speeds for &
selected zone, whereby rotation of the said dial
to position the said spiral at the selected posi-
tion angle puts the proper superelevation on the
said gun.

9. In a gun sight for aerial targets a reference
point fixed with respect to said gun, a rotatable
dial, the rotation of which is proportional to the
degree of superelevation of the gun, a spiral on
said dial, the radial distance to any point on
said spiral at the said reference point being a
measure of the degreee of superelevation and
means for determining the degree of superele-
vation for any target within a specified zone com-
prising a transparent chart mounted for limited
rotation with respect to said dial adjacent said
reference point, position angle curves on said
chart calibrated radially in terms of supereleva-
tion and angularly for speed of the target, where-
by the degree of rotation of the dial with respect
to the reference point for a selected target will
be indicated, and rotation of the said dial to po-
sition the said spiral at the selected position
angle puts the proper superelevation on the said
gun. ‘

10. In sighting apparatus for guns, a gun,
means mounting said gun for movement in a ver-
tical plane, sighting means journaled on said gun,
means for effecting relative angular movement
between said-gun and said sighting means, a dial,

.coupling said dial and said means for effecting

said relative angular movement to effect a change
in position of said dial proportional to a change
in relative angular movement of said gun and
sight, a spiral on said dial, a fixed indicator over
said dial, a transparent chart mounted over said
dial for movement normal to said indicator, said
movement being a function of target speed, po-
sition angle curves for a particular zone in-
scribed on said chart calibrated along said indi-
cator in terms of superelevation and in the other
direction in terms of target speed. :

11. In sighting apparatus for guns, a gun, means
mounting said gun for movement in a vertical
plane, sighting means journaled on said gun,
means for effecting relative angular movement
between said gun and said sighting means, a dial,
means journaling said dial on said gun, means
coupling said dial and said means for effecting
said relative angular movement, a spiral on said
dial, a fixed indicator over said dial, a transpar-
ent chart, means journaling said chart coaxially
with said dial journaling means, means for angu-
larly moving said chart, and a series of curves on
said chart radially spaced and corresponding to
target position angles for a particular zone, each

‘of said curves varying along its length in pro-

portion to the target speed whereby manipulation
of the said chart with reference to the said indi-
cator will indicate the proper point on the said
spiral to appear thereagainst for any observed
position angle of the target.

12, In a gun sight, a housing having a port, a
reference line in said port, a transparent chart
mounted for limited angular displacement in said
housing adjacent said port, the displacement of
said chart being calibrated in target speeds, a
dial in said housing whose angular movement is
proportional to the degree of superelevation, a
spiral on said dial visible through said port and
crossing under the said reference line, said chart
having curves constructed to indicate the proper
setting of the dial with respect to the reference
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line for any selected target speed and position
for a selected fuse setting.

13. In a gun sight, a fixed crosshair, a trans-
parent chart mounted for limited angular dis-
vlacement adjacent said crosshair, the displace-
ment of said chart being calibrated in target
speeds, a dial adjacent said chart whose angular
displacement is proportional to the degree of
superelevation, a spiral on said dial visible
through said chart crossing under the said cross-
hair, said chart being calibrated for a selected
zone, said calibrations comprising a series of
curves intersecting the reference line at points
corresponding to various target position angles,
whereby placing the spiral under the intersec-
tion of the reference line and position angle
curve for a selected target will train the gun on
the target.

14. A gun sighting device for aerial targets
comprising a gun mounted to rotate in a verti-
cal plane, sight means carried by said gun, means
for effecting relative movement of said sighting
means with respect to said gun, a dial mounted
on said gun, means coupling said dial to said
sighting means whereby relative movement of
said sighting means rotates said dial, a spiral
on said dial, a fixed line on said gun, the angular
position of said dial with reference to said gun
indicating the degree of superelevation thereof,
and means for indicating on said line the posi-
tion in which said dial should be placed for the
target in said sighting means, said means com-
prising a transparent charft, means mounting
said chart for limited movement in front of said
dial and adjacent said fixed line, the distance said
chart is moved across said line being proportional
to target speed, said chart being calibrated in
terms of position angle for a predetermined zone.

15. In combination, a gun, a sight mounted
thereon, means for changing the angle of super-
elevation of said gun, means operatively con-
nected to said changing means and calibrated in
terms of superelevation and means for selecting
the required superelevation for any target com-
prising a series of curves calibrated in terms of
target speed and superelevation movably placed
with respect to said calibrated means to indicate
the required setting thereof to aim the said gun
at g selected target.

16. In combination, a gun, means journaling
said gun for training on an aerial target, a sight
bar, means hinging said bar on said gun for

movement in a vertical plane, means for angular-.

1y displacing the said bar with respect to said
gun, a dial rotated in proportion with the angular
displacement, of said bar, a curve on said dial,
a transparent chart mounted adjacent said dial
for movement with respect to said dial, said
movement being a function of target speed, said
chart having position angle curves for a par-
ticular zone inscribed on said chart calibrated
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in terms of superelevation and plane speed and
means carried by said bar for visually indicating
the position angle of the target.

17. The combination claimed in claim 16, said
means comprising a plate, an arcuate tube of
transparent material affixed to said plate and
an indicator freely movable in said tube, said
plate being calibrated in degrees adjacent said
tube,

18. In combination, a gun, a sight bar hinged
to said gun and means for training said gun
on elevated targets, said means comprising two
relatively movable members for adjusting the said
har with respect to said gun for any selected
target, one of said members comprising a curve
chart movahle in one direction and the other a
means for indicating the superelevation of said
bar movable relative to said chart, the curves
on said chart being calibrated in the direction
of movement thereof in terms of target speed
and in the other direction in terms of super-
elevation for several target position angles, said
indicating means being coupled to said sight bar,
whereby manipulation of said sight to place the
said indicating means adjacent the position angle
curve of a target will train the said gun thereon.

19. A gun sight for use against aerial targets
having a means for indicating proper supereleva-
tion comprising two relatively adjustable mem-
bers, one being a position angle curve chart whose
coordinates are target speed and superelevation
for selected target position angles within a se-
lected zone, and the other a means for indicat-
ing superelevation, the relative movement of said
members adapted to move said last mentioned
indicating means to intersect the curves on said
chart and to position the said indicating means
at the selected position angle to put the proper
superelevation on the gun.

20. In combination, an antiaircraft gun, a
sight, means for elevating and depressing said
gun to keep said sight on the target, means for
angularly displacing said sight with respect to
said gun, visual means coupled to said sight for
indicating the degree of angular displacement
thereof and means for determining the angular
displacement of the sight to train the gun on
the target in a selected Zone, said means com-
prising a curve chart movable with respect to
said visual means, the curves on said chart hav-
ing superelevation and target speed for coor-
dinates for various target position angles, where-
by the angular displacement of said sight may
be adjusted to train the gun on the target by
manipulation of said means for angularly dis-
placing said sight until the visual means indicates
the setting established by the said means for
d_etlcletl;'mining the angular displacement of said
sight,
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