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Application filed October 10, 1918.

To all whom it may concern:

Be it known that I, Roserr V. Morsk,
a citizen of the United States, residing at
Ithaca, in the county of Tompkins and State
of New Y ork, have invented new and useful
Automatic IFFuse-Setters for Anti-Ailreraft
Artillery, of which the following, taken
with the accompanying drawings, is a speci-
fication.

This invention relates in general to artil-
lery employed against aircy aft. and in par-
ticular to the control of the fuse setter, by
which the time fuse of the projectile is set,
and which accordingly determines the point
in the trajectory at ‘which the shell shall
burst. Fuse setters have heretofore been
set by hand, but in anti-aireraft fire the
target moves =0 fast that any delay creates
such uncertainty regarding the future posi-
tion of the target, (that i1, the proper point
of aim), as to «erloush impair the acenracy
of fire. One object of this invention is to
operate the fuse setter continnously by auto-
matic mechanical means so that accurate set-
tings are obtained without any delay. This,
combined with a (omponqatmo device, per-
mits the lead of the point of aim to he re-
duced to the smallest possible amount.—-
that is, to equal merely the travel of the
target during the time of flight of the pro-
19(-t110 The dead time fmmel Iv allowed
for fuse-setting and loading is thus elimi-
nated, so far as the lead or deflection of the
point of aim is concerned.

Another object is to prevent the personal
errors which necessarily are present when
rapidly changing values are continuously
read and set b\' hand. Another object is to
eliminate elements sensitive to shock or wear
such as cams of double curvature and point
contacts, in order to make an instrument
capable of withstanding the shocks and
jars of service. Other ob]ects will be ap-
parent as the description proceeds.

In the drawings, Figure 1 is a side ele-
vation view of the automatic fuse setter
attached to an anti-aircraft gun, as it ap-
pears when ready for service. Fig. 2 1is a
similar view. with the door of the auto-
matic fuse setter thrown open so as to expose
the mechanism to view. Iig. 3isa diagram

Specification of Letters Patent.

Patented Aug. 10, 1920,
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llustrating the determination of certain
variable factors in the design. Fig. 4 1s
a detall showing one nethod of connecting
the slide blocks and the angle and altitude
bars.

In Fig. 1 and Fig. 2 the anti-aireraft gun
90 is shown carried in the mount 21, which
1s supported on the rotatable hase 93 in the
usual manner. Secured to the side of the
mount 21 is the case or housing of the auto-
matic fuse setter 23. This h(msmﬂ consixts
of a back portion or case 24 in “which is
placed some of the mechanism, and a swing-
mg door 25 on which is mounted the re-
mainder of the mechanism. The door 25 i
connected to the case 24 by adjustable hinges
26, which permit the door 25 to he slightly
adjusted vertieally relative to the case 24.
The purpose of this vertical adjustment will
be explained later,

The mechanism in the case 24, as shown in
Ifig. 2. consists of two screws, 31 and ¢
generally of slightly different pitch, \\hnh
are rotated by Devel gearing 33 and 34 re-
spectively. Both of these bevel gearings 33
and 34 are driven by the shaft 35, which
has also keyed to it the bevel gear 36.
This gear 36 receives its power from the
bevel gear 37 when the door 25 is closed =0
as to bri ing the two gears 36, 37 into mesh.
The gear 37 is opemted by the hand wheel
38, (sho\\‘n in Fig. 1,) so that when the hand
wheel 38 is turned the screws 31 and 32 are
both rotated through the medium of the
gearing described.

Eacli serew, 31 and 32. operates a travel-
ing nut, 41 and 42 respectively : and each of
these nuts, 41 and 42. carries a pivoted
socket, 43 and 44 respectnelv Through
these sockets 43 and 44 extends a rigid rod
or bar 45. L'his bar 45 can be elevated or
lowered by operating the hand wheel 38—
through the medium of the screws and con-
nectan' gearing as described. The position
of the bar 45 is indicated by a pointer 46
which plays over an arbitrary scale 47,
which is calibrated in terms of altitude, as
will be explained. For this reason, the bar
45 is sometimes called the altitude bar.

The trunnion block 50 is moved in accord
with the angle of elevation of the gun. Tt
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is immaterial whether the block 50 is made
integral with the gun trunnion, or has a
separate trunnion operated by the gearing
that operates the gun trunnions,—so long
as the angular position of the trunnion block
50 continuously corresponds to the angle of
elevation of the gun. Securely mounted in
the trunnion block 50 is a rigid rod or bar
51, whose angular motion accordm(rlv cor-
responds to the elevation of the gun. This
bar 51 is sometimes termed the ancrle bar.
A pair of these bars 51 is generally provided,
as shown more in detail in Fig. 4, in order to
balance twisting stresses, but only one of the
bars 51 is shown in Fig. 2, in order that
the mechanism may be clearly exposed to
view. Movable slides 52 surround and are
arranged totraverse thebars51; these slides
52, as shown in Fig. 4, are integrally con-
nected by a cross-piece 53, to eliminate
twisting, On the altitude bar 45 is a some-
what similar sliding member 55. which is
provided with a pair of ears 56. The slides
52 also are provided with ears 57, and a
pn ot pin 58 extends through the ears 56 and
57, thus pivotally connectmw the slide 52
with the slide 55. The end of the rack bar
60 is also pivoted around the pin 58. The
teeth of the rack bar 60 engage a pinion on
the shaft 61, which is rotatably mounted in
the trunnion block 50. At the other end of
the shaft 61 is the pinion 62. As the rack
bar 60 in its motion might often extend be-
yond the main casing 94, a tubular exten-
sion or casing 63 is pronded up which the
rack 60 may move. The upper end of the
casing 63 is closed so that' the rack 60 is
protected from the weather. A curved shield
64 attached to the trunnion block 50 closes
the opening in the main easing 24, while per-
mitting the free rotation of the trunnion
block and attached parts.

The remainder of the mechanism is
mounted on the door 25, for the sake of con-
venience in construction and inspection.
The gear wheel 65 is arranged to mesh with
the pinion 62 when the door 25 is closed.
The motion imparted to the gear 65 by the
‘pinion 62 is indicated by the pointer 66,
which is attached to the shaft of the gear 65
and plays over a circular scale 67 on the
outside of the door 25, as shown in Fig. 1. A
peep-hole 68 is prov1ded in the door 25
through which the pinion 62 can be seen
when “the door 25 is closed. A stop 69
is arranged on, the casing 24, which pre-
vents the door being closed until it has
been slightly lowered by adjusting the
hinges 96. After the door has been closed
in this slightly lowered position, it 1is
elevated by operating the ad]ustable hinges
26 until the gear 65 and pinion 62 are seen 1 to
be properly in mesh. seen through the peep-
hole 68. This arrangement prevents the
gear 65 and pinion 62 being damaged by the
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door 23 being carelessly slammed shut, and
also permits an accurate adjustment of the
gear 65 and pinion 62.

A smooth faced cam 70 is mounted on the
same shaft as the gear 65, and this cam is
connected to the gear 65 by a clutch 71. The
handwheel 72 and pointer 73. (which also
plays over the scale 67,—see Fig. 1), are at-
tached to the cam 70, When the handwheel
72 is pressed inward. the clutch 71 is dis-
engaged, so that the cam 70 can then be
freely rotated relative to the gear 6i. by
merely turning the handwheel 72. When
the pressure is released the clutch 71 en-
gages, clamping the gear 65 and cam 70 in
whatever new position they may have been
set, and the cam 70 and gear 65 then con-
tinue to rotate as a unit.

A power transmission chain, preferably
of the type known as the “silent chain” , 18
wrapped around the smooth faced cam 70.
One end of this chain 74 is attached to the
cam 70 at the point 75, and the other end is
attached at the point 76,—the connections
being of the turnbuckle tx pe so as to permit
a small adjustment. The chain 74 runs over
a toothed sprocket 77, which is keyed on
the worm shaft of a standard bracket type
fuse setter 78. The mechanism of the fuse
setter can be found described in the Hand-
hool: of J-inch Gun Matériel published by
the Government Printing Office, Washing-
ton, D. C. The chain 74 also passes around
a spring-pressed idler 79, attached to au
block which slides in a groove in the frame
80, and is forced downward by the spring
81. s0 as to keep the chain 74 always taut,
regardless of the position of the irregular
cam 70.

There 1s also provided a window 82 in
the door 25, through which the scale 47 can
be seen when the door is closed. As has
been stated, the gear 37 is operated by the
handwheel 38, and meshes with the gear 36
when the door 25 is closed.

The operation is as follows: The pointer
46 on the scale 47 is set at the altitude at
which the fire 1s desired, by operating the
handwheel 38. The altitude is generally
telephoned to the gun by the central fire
control officer in charge of the fire of all
the guns. The use of altitude in place of
range as the linear factor permits any num-
ber of guns to be controlled as a unit. since
the same altitude settings may be used for
them all, regardless of their various loca-
tions. The gun is pointed in the usual man-
ner, and its vertical angular motion about
its trunnions causes the rod 51 to swing in
a corresponding mannel. which operating
through the slide 52 and pivot pin 58 causes
the slide 55 to move along the altitude bar
45. This causes the rack 60 to be pushed in
or drawn out over the pinion on the shaft
61, thus rotating the pinion 62. Assuming
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for the moment that the operator has placed
the pointer 73 in coincidence with the pointer
66, so that the gear 65 and cam 70 rotate
as a unit while locked together in that rela-
tive position. The rotation of the pinion 62
turns the gear 65 and cam 70; and this mo-
tion, somewhat modified by the configura-
tion of the cam 70, is transmitted through
the chain 74 to the pinion sprocket 77, which
operates the fuse setter proper, 78. The
shell 85 is inserted into the fuse setter 78,
set, Joaded in the gun, and fired, all in the
usual manner.

The foregoing description of the opera-
tion applies when the target is stationary,
such as a captive balloon; but it will be ob-
vious that when the target is rapidly mov-
ing, and the setting at the fuse setter is con-
stantly changing, a setting which was cor-
rect at the instant the shell was withdrawn
from the fuse setter would not be correct
at the instant when it was discharged from
the gun. In order to compensate for the in-
terval of time which might cause such an
error, the cam 70 is arranged so that it may
be given a lead relative to the gear 65, the
cam 70 being set forward slightly in the di-
rection in which the gear 65 is moving so
as to give a setting at the fuse setter 78 a
little In advance of that which would be
given by the operation as above described.
Thus the fuse 1s set so as to be correct by
the instant it is discharged from the gun.

Taking up this loading lead compensation
more in detail, it will be recalled that the
pointer 66 is connected to the gear wheel 65,
while the pointer 73 is connected to the cam
70, that is, to the fuse setter 78. The oper-
ator watches the motion of the pointers as
theyv travel slowly over the scale 67, and sets
the pointer 73 ahead of the pointer 66 so
that the reading which comes under the
pointer 73 at the instant when a shell is
withdrawn from the fuse setter 78 will come
under the pointer 66 at the instant of dis-
charge of the gun. Since the motion of the
pointers is slow, and the loading speed of a
well drilled gun crew fairly regular, the ad-
justment is not difficult to make. KEach time
1 shell is withdrawn from the fuse setter 78
the operator observes the reading under the
pointer 73, and watches it until he hears the
discharge of the gun. If, at the instant of
discharge, the pointer 66 has not reached
the observed reading, the operator decreases
the lead; if the pointer 66 has passed the
observed reading, he increases the lead. The
accuracy of the settings is thus observed and
checked at each shot, so that a very close
compensation is not difficult to attain.

Though the actual operation, from the op-
erator's standpoint, is simple and easy to
understand, the principles of operation from
the standpoint of a designer are not so read-

ily comprehended. The difficulty arises
from the fact that at first sight it does not
appear possible to obtain fuse settings cor-
rect for all altitudes from a mechanism em-
ploving a single simple cam element, since
the shape of such an element would depend
on the altitude for which it was designed,
and when designed for one particular alti-
tude would be incorrect for any other alti-
tude; (by a single simple cam is meant one
whose curvature can be expressed by a sin-
gle plane curve, as distinguished from cams
of double curvature, such as irregular sur-
faces having curvature in more than one
plane). It 1s possible, however. by properly
proportioning other elements of the mecha-
nism, to bring the errors within such small
limits as to be negligible at all altitudes.
The most important of these elements whose
proportions must be determined are the
screws 31 and 32, and the scale 47. The
difference in pitch between the screws 31
and 82 causes the altitude bar 45 to assume
various inclinations at various altitudes,
which bring the bursts into horizontal
planes; and the scale 47 is then calibrated
according to the actual altitudes at which
the bursts occur, that is, according to em-
pirical data, and not according to any fixed
theory inherent in the mechanical relations.
In other words, the calibration of the scale
47 is not uniform, though the pitch of the
screw .32 is uniform. Other elements
through which the designer can mold the
operating characteristics are the pinion 62,
whose diameter can be selected to introduce
a correction varying with the angle of fire,
as will be explained; and the selection of the
position of the altitude bar 45 which is to
be the primary position for which the shape
of the cam 70 1s to be determined. These
and other modifiable points will become ap-
parent as the steps incident to an actual
design are briefly followed through.

The first step is to draw a family of
curves showing the various fuse settings for
various altitudes and various angles of pro-
jection, (that is, angles of fire). Referring
now to Fig. 3, there are shown by way of
illustration curves of constant fuse setting,
running from 4 to 17 inclusive, and plotted
in terms of altitude and angle of projection.
These curves are plotted from data obtained
from firing under normal conditions, and
they may be readily obtained from an ordi-
nary trajectory sheet having curves of con-
stant fuse setting, in the following manner.
A table of altitude of bursts is compiled
by reading from the trajectory sheet the
altitudes at which the various trajectories
intersect the various curves of constant fuse
setting. The trajectories are identified by
their angles of projection,—that is, their
original firing angles. The following illus-
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trates the manner of arranging such a
table,—the body of the table reading in
meters altitude.

Table of altitude of bursts.
Angle of projection,
80°  75° © 70°  65°

1048 1025 997
1401 1365 1323 1267
1630
1948
2247
2550
2847, etc.

85° 60°  53° 50° etc.
915 860 5

1202 1135
1492 1407
1777 1673
5 2047 1921
2323 2178

MNP et ot ®n® 0 iy

From such a table curves of constant fuse
setting, such as shown in Fig. 8, are readily
plotted, using altitude as the linear ordi-
nate, and angle of projection as the angu-
lar codrdinate.

We next select some primary position for
the altitude bar 45, taking for example the
horizontal broken line marked 2900 in Fig.
3; (strictly speaking this is the locus of the
pivot move 58, as the sliding member 55
moves along the altitude bar 45). It will
be obvious that for this altitude there is
a certain fuse setting corresponding to each
angular position of the gun. Thus there is
obtained the series of fuse settings which
will produce bursts in a horizontal plane
at the altitude of 2900 for the various
angles of fire. The vertical angular motion
of the gun moves the mechanism which
operates the fuse setter 78, and the curva-
ture of the cam 70 is so designed as to give
the desired series of fuse settings for this
particular altitude of 2900. The configura-
tion of the cam 70 is now fixed, and though
we have a mechanism which will maintain
the bursts in the desired horizontal plane
at the 2900 altitude, the problem arises as
to how we are to obtain bursts in horizontal
planes at other altitudes, using the same
cam 70.

If we assume that the small gear 62 is
a mere point, without finite diameter, it
will be obvious that no motion will be im-
parted to the fuse setter 78 if the point 58
1s moved along circular arcs having the
point 62 as a center. After making due
allowance for the finite diameter of the
gear 62, (whose angular motion through
60° can be compensated by a movement of
the point 58 radially through a distance
equaf)to the radius of the gear 62, for ex-
ample), the locus of the point 58 for a con-
stant fuse setting is substantially a circular
arc, such as shown by the dotted line run-
ning from the point 14, at the intersection
with the 2900 altitude, for example.

We will now see how we may obtain a
horizontal string of bursts at the altitude
of 4000 meters. It will be seen that the
actual curve of constant fuse setting 14
crosses the altitude 4000 at a point m; yet,
for that angle of projection the point 58
would have to have traveled to the point a

-
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in order to have maintained the fuse set-
ting 14. Therefore, if we wish to have the
burst at the altitude 4000 corresponding to
the point m, we must have the altitude
bar 45 so located as to bring the point 58
at the point @¢. Going through the same
steps with the fuse setting 13, we find that
in order to have the burst occur at the 4000
altitude at the point n, we must have the
altitude bar 45 so arranged as to bring the
pivot 58 to the point &. Similarly, for the
fuse setting 11, in order to get a burst at
the 4000 altitude at the point p, we must
arrange the altitude bar 45 so as to bring
the pivot 58 to the point ¢. Thus there is
obtained a string of points, a, b, ¢, etc.,
through which the altitude bar 45 must
make the pivot 58 pass. Since the altitude
bar is straight, a straight line is drawn as
nearly as can be through these points, as
shown by the heavy broken line labeled
4000 at the right hand side of the diagram.
The same operations are then carried
through for the 5000 and 6000 meter alti-
tudes. It will be found that straight lines
will run very closely through the points
thus determined, as shown by the heavy
broken lines in the diagram, (Fig. 3). The
amount that the points diverge from the
straight line is the inherent error of the
mechanism: for example. on the 6000 line,
the point ¢ is about 8 meters below the line,
the point f about 10 meters above, and the
point ¢ about 2 meters below the line. Such
errors are of course negligible. The man- 100
ner in which the arbitrary calibration of the
scale 47, (as shown on the right of Fig. 3)
and the inclination of the altitude bar 45
operate to reduce the range of error in the
mechanism can be seen from Fig. 3. For 103
example, if the altitude bar was set accord-
ing to the regular graphical scale at the left
of the diagram, and the altitude bar was
maintained constantly horizontal, the appa-
ratus when set for an altitude of about 4300 110
meters and an angle of about 87°, (that is,
for the point ¢), would actually give a burst
at an altitude of 6000 meters, (since the fuse
would be set at 14), which would mean an
error of 1200 meters. This is the error 115
which would naturally result from using at
4800 meters a cam which was designed on
the basis of 2900 meters. The error for the
point g, fuse setting 17, would be about 1400
meters. But by arbitrarily calling this par- 12¢
ticular setting of the altitude bar 6000, in
place of its real graphical value of 4800, the
maximum range of error is reduced from
1200 or 1400 meters to about 200 meters;
and when we apply the further correction 125
obtained by inclining the altitude bar, the
range of error is reduced so as to average
merely nominal values, such as 5 or 10 me-
ters. It has been mentioned that the finite
diameter of the pinion 62 has some effect on 130
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the fuse settings, due to the fact that even
if the rack bar 60 did not move either in
or out over the pinion, a purely angular
swing would still rotate the pinion 62 an
equal angular amount. The amount of this
effect on the fuse setting is proportional to
the diameter of the pinion 62, and its qual-
ity, whether positive or negative, depends
on whether the rack bar 60 extends above or
below the pinion. These facts can be uti-
lized to some extent by the designer in cor-
recting slight curvatures in the string of
bursts.

There has been shown the derivation of
the various broken lines which indicate the
inclination of the altitude bar 45 for va-
rious altitude settings. There remains to
be determined how closely the two screws,
31 and 32, can give these various inclina-
tions. Here it will be noted that since the
two screws arve of uniform, though slightly
different pitch. the difference in elevation be-
tween one end of the bar and the other is
a linear function, being directly propor-
tional to the distance the bar is moved from
its primary horizontal position. In order
to determine the accuracy with which such
a linear funetion will suffice, the difference
between the right and left hand ends of the
altitude bar for the 6000 position is meas-
ured, and an arc » is struck, having its cen-
ter in the vertical line y—:z, and passing
through the intersection of that vertical line
y—z with the broken line marked 6000,
Similar arcs are struck for the 5000, 4000,
2000, and 1000 positions, and short horizon-
tal lines are drawn passing through the cen-
ters of the arcs. Since the radius of these
arcs depend on the difference in elevation
between the two ends of the altitude bar, a
straight slanting line must be drawn throngh
the points located by the intersection of
these arcs with the short horizontal lines, if
these elevations are to result from the opera-
tion of the two screws 31 and 32. There is
sometimes a little difficulty in getting a
straight line to run through these points.
Slight alterations can be made in the origi-
nally selected inclinations of the altitude
bar, and the points brought into a right line.
It will be recalled that the entire design is
based on a fundamental or primary position
of the altitude bar, taken at 2900 in the
illustrative example. Since this primary
position is arbitrarily selected by the de-
signer with no guide other than his expe-
rience resulting from trial, it is advisable to
try out different primary positions, unless
the first lay-out is so perfectly satisfactory
as to admit of no appreciable improvement.
In this connection it may be stated that the
primary position need not be strictly hori-
zontal, neither need it coincide with the
graphical scale of the diagram. For ex-
ample, an inclined line may be run along at

the altitude of about 2000 and yet have the
cam so designed as to give horizontal bursts
at an altitude of 2500 meters, just as in the
diagram the bar when placed graphically at
4300 gave bursts at 6000; the only difference
being that whereas there were certain resid-
ual errors in the 6000 altitude, owing to the
use of a 2900 cam, there would, in the case
where 2500 meter bursts are decided on as
the primary line, be no errors because the
cam would be primarily designed to elimi-
nate all errors at that altitude. Variations
in the location of the primary line will be
found to modify the general results to a
considerable extent, and this should be borne
in mind as an expedient in cases which do
not readily yield the desired solution. The
essence of the method is the successive re-
duction of the residual error until the final
residual error is negligible.

Similar apparatus and a similar method
can be used when the original angular mo-
tion follows the angle of position of the
point of aim, instead of the angle of pro-
jection of the gun,—that is, follows the in-
clination of the line of sight instead of the
line of fire. In fact practically any angu-
lar motion that is simultaneous with the
elevation of the gun,—whether the law con-
necting that motion to the gun be simple or
complex,—may be used to impart the motion
to the block 50 of the automatic fuse setter
described. The only difference being that,
for example when the angle of position is
used, the curves of constant fuse setting of
Fig. 3 would be laid out according to alti-
tude and angle of position instead of alti-
tude and angle of projection; or if some
other angular motion was used, such for ex-
ample as one having twice the motion of
the angle of projection, or some other mul-
tiple thereof, then the values of that angle
would be used in the diagram in place of
the angle of projection, in determining the
location of the original curves of constant
fuse settings.

In the mechanism which has been de-
scribed it need hardly be pointed out that
there is no particular virtue in having the
bar 51 parallel to the gun 20, since the an-
gular motion of the bar 51 would equal the
angular motion of the gun 20 if the two
were maintained in any fixed angular re-
Iation relative to each other. Similarly, the
screws 81 and 32 need not necessarily be
vertical,—in fact the whole mechanism can
be arranged at any convenient angle, if de-
sired, and yet operate in the same manner
so long as the same arrangement of its ele-
ments relative to each other is preserved.
The screws 31 and 32 have been described
as having slightly different pitch, in order
to give the altitude bar 45 various inclina-
tions, yet it will be obvious to those skilled
in the art that a mechanical equivalent of
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that arrangement would be to make the gear
ratio of the bevel gearing 33 slightly qit-
ferent from the ratio of the bevel geuaring
34, while making the screws 31 and 32 of
the same pitch.

The design has been described as based on
firings under normal conditions, yet it is
well known that variations in barometric
pressure and humidity affect the fuse set-
tings to a considerable extent. Such varia-
tions however can be considered a function
of the altitude only,—that is, they change
the absolute altitude of a string of bursts
without seriously impairing its horizontal
character. Such variations therefore need
not be considered in the design of the me-
chanical features of the mechanism; they
do not impair the accurate cobrdination of
the various guns, and they can either be
compensated at the altitude scale 47 or be
considered and corrected in the original
designations of altitude settings whicly are
sent out by the central fire control officer.
When the fire is being controlled through
observation of the behavior of the horizon-
tal barrage,—on the principle that the fire of
a number of spaced guns will automatically
focus at the correct altitude but become dif-
fused in proportion to the error in alti-
tude,~the absolute altitude becomes of
course immaterial.

In the foregoing there has been described
a particular installation for the purpose of
illustration, but it will be apparent to those
skilled in the art that the mechanism 1is
capable of various modifications and adapta-
tions without departing from the scope of
the invention as outlined in the following
claims:

1. In a fire control mechanism, the com-
bination of a member having an angular
movement, an adjustable member which can
be set for various altitudes, a movable con-
necting means whose motion is determined
by the aforesaid members, a cam shaped ele-
ment, gearing connectlno' the movable con-
nectmﬁ means to the cam shaped element, a
fuse settel a toothed wheel for operatmcr

he fuse setter, a chain connecting the cam
shaped- element to the toothed “heel and
means for keeping the chain taut.

2, In a fire control mechanism. the com-
bination of a member having an angular
movement, an adjustable member which can
be set for various altitudes, a movable con-
necting means whose motion is determined
by the aforesaid members, a rack operated
by said movable connecting means, a pinion
shaft rotated by said rack, a cam shaped
element, gearing connecting the pinion shaft
and the cam shaped element a fuse setter,
and mechanical means through which the
fuse setter is operated by the cam shaped
element.

3. In a fire control mechanism, the com-
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bination of a member having an angular
movement, an ad]ustqble member which can
be set for various altitudes, a movable con-
necting means whose motion is determined
by the aforesaid members, a movable indi-
cator, gearing connecting the said movable
connecting means to the mdlmtm, a second
movable 1ndlcqtor a fuse setter, mechanical
means connecting the second 1ndlc'1t01' to the
fuse setter, and means for adjusting the sec-
ond indicator relative to the first mentioned
indicator.

4. In a fire control mechanism, the com-
bination of a member having an angular
movement, a2 non-uniform scale. an f\d]ust-
able member which can be set for various
altitudes according to said scale, means for
giving the adJustflble member different in-
chnqtlons at various altitude settings, a mov-
able connecting means whose motion is de-
termined by the aforesaid members, a cam
shaped element, mechanical means oper-
atively connecting the said movable con-
necting means to the cam shaped element, a
mechanism to be controlled, and mechanical
means operatively connecting the cam shaped
element to the mechanism to be controlled.

5. In a fire control mechanism, the com-
bination -of a member having an angular
movement, an adjustable member which can
be set for various altitudes, a movable con-
necting means whose motion is determined
by the aforesaid members, a rack operated
by said movable connecting means, a pinion
shaft rotated by said rack, a gear operated
bv said pinion shaft, a cam shaped element
driven by said gear, a mechanism to be con-
trolled, and mechanical means operatively
connecting the cam shaped element to the
mechanism to be controlled.

6. In a fire control mechanism, the com-
bination of a member having an angular
movement, an adjustable member which can
be set for various altitudes, a movable con-
necting means whose motion is determined
by the aforesaid members, a rack operated
by said movable connecting means, 2 pinion
shaft rotated by said rack, a gear operated
by said pinion shaft, an indicator connected
to said gear, a cam shaped element, an in-
dicator connected to the cam shaped element,
an adjustable mechanical connection between
the gear and the cam shaped element whereby
the cam shaped element can be driven by the
gear with various degrees of lead, a fuse
setter a toothed wheel for driving the fuse
setter, a chain connecting the cam shaped
element to the toothed wheel and means for
keeplnnr the chain taut.

In a fire control mechanism, the com-
blnatlon of a member having an angular
movement, a non-uniform scale, an adjust-
able member which can he set for various
altitudes according to said scale, means for
giving the adjustable member different in-

75

80

80

95

100

105

110

115

120

125

180



/. OROVS

6.5

10

20

25

oy

1,349,220

clinations at various altitude settings, a
movable connecting means whose motion is
determined by the aforesaid members, a
rack operated by said movable connecting
means, a pinion shaft rotated by said rack,
a gear operated by said pinion shaft, an in-
dicator connected to said gear, a cam shaped
element, an indicator connected to the cam
shaped element, an adjustable mechanical
connection between the gear and the cam
shaped element whereby the cam shaped ele-
ment can be driven by the gear with various
degrees of lead, a_fuse setter, and mechanical
means through’ which theé fuse setter is op-
erated by the cam shaped element.

8. In an automatic mechanism, the combi-
nation of a case, mechanical means within
said case, a pinion operated by said mechani-
cal means, a door for said case, a gear on the
door arranged to mesh with the pinion when
the door is properly closed, a stop arranged
to prevent the door from being directly
closed to its final position, and adjustable
means for bringing the door to its final po-
sition with the gear and pinion properly in
mesh, whereby the gearing is protected from
being damaged by the slamming of the door.

9. In a fire control mechanism, the com-

7

bination of an automatic determining mecha-
nism, a scale, a movable indicator moving
over said scale in accord with the determina-
tions of the automatic mechanism, a fuse set-
ter, a second movable indicator mecRatically
tonnected to the fuse setter so that it moves
over the scale in accord with the fuse set-
tings, and an adjustable connection between
the first indicator and the second indicator
whereby the second indicator may be moved
simultaneously with the first indicator but
with various degrees of lead.

10. In a fire control mechanism, the com-
bination of a member having an angular
movement, an adjustable member which can
be set for various altitudes, a movable con-
necting means whose motion is determined
by the aforesaid members, said movable con-
necting means comprising a slide on one of
said members, a pair of slides arranged on
the other of said members, whereby the ap-
plied forces are balanced, and a pin piv-
otally connecting the first mentioned slide
with the second mentioned slides.

In witness whereof I have hereunto set
my hand this 7th day of October, 1919.

ROBERT V. MORSE.
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