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The invention refers to an apparatus in which
the parallax correctton required for laying an an-
tinircraft gun positioned at a certain distance
therefrom is determined by means of the range

of the aircraft from the apparatus, the horizon-.

tal distance s of the gun from the apparatus, the
lateral angle a between the lines of sight from
the apparatus to the alreraft and to the gun, and
the elevational angle g of the line of sight from
the apparatus to the aircraft.

The invention aims at considerably simplifying
the construction of such apparatus by providing
three cam systems each of which comprises a plu-
rality of cams arranged in serles and effecting

two different motions, for Instance a rotation and .

a displacement, and so constructed and connect-
ed to each other and to driving mechanisms feed-
ing the known magnitures E, 3, « and 8 that the
rearmost cams of the three systems furnish re-
spectively the difference, Aa, of the lateral angles
included between a definite reference line and the
lines of sight from the apparatus and the gun to
the alreraft, the difference A8 of the elevationel
angles of the llnes of sight from the apparatus
to the gun and to the alrcreft, and the difference
AE of the ranges of the alrcraft from the appara-
tus and the gun, the said magnitudes Aa, Ag and
AE corresponding to the equations

. a.5in @

(1) Aa=arcsin [ELAE).cos (BLBP)
b.C08 (a:l:'%a) sin 8
I AB=arcsin
( EXAE
and
A

(T17) AE=s.co8 (a:l:—zg)-cos (ﬁ:l:%—a)

respectively, or to approximate equations derived
from these equations by substituting the sine of
Ae and Ag for the angle itself and, eventually, by
neglecting the magnitudes AE and Ag in equatlon
I, the magnitudes AE and Aa/2 in equation II
and the magnitudes A«/2 and Ag/2 In equa,tion
III.

In the accompanying drawings, Figures 1 and
2 show schematically how the equations deter-
mining the sought magnitudes A«, A8 and AE are
deduced, and Flgures 3 and 4 illustrate In sche-
matic plan views two constructional examples of
an apparatus according to the invention.

In Figure 1, A is the apparatus, B the
gun, and H the alrcraft. For the sake of sim-
pliciiy, A and B gre assumed to lie in a horlzontal
plane. C ls the projection of H {n this plane. D
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is an auxiliary point lying in this plane and so
positioned that CD—=AB=s and <ACD=<CAB=«.
F {5 the polnt at which a perpendlcular dropped
from D intersects AC, and G is a point lying in
AC and whose distance AG from A is equal to
AD. The angle CAD is equal to the angle ACB
and illustrative of the difference A« of the lateral
angles included between a definite reference line
and the lines of slght from the apparatus A and
the gun B to the aircraft H. The angle FDG is
half the angle CAD and therefore equal to Aa/2.
J is a point vertically above G and lylng In a
herizontal plane containing H, K Is the point at
whichh AH is intersected by a perpendicular
dropped from J, and L Is a point which lies in AH
and whose distance AL from A is equal to AJ.
AJ=AL !s equal to the range Eo of the alreraft
H from the gun B, and AH=F is the range of the
nircraft H from the apparatus A, so that LH is
the difference AE of the sald ranges E and Es.
The angle CAH, viz. the elevational angle of the
line of slght from the apparatus A to the alrcraft
H, 1s deslgnated 3. 3 Is also the magnitude of the
angle JHA, The angle GAJ 1s equal to the eleva-
tional angle gy of the line of sight from the gun
B to the alrcraft H. The angle HAJ=Ap8 deter-
mines the difference between these elevational
angles 8 and fo. The angle KJL is half the angle
HAJ and, accordingly, Ag/2.

It follows at once from Flgures 1 and 2, due re-
gard being had to the necessary generalizations,
that

DF 8 8in e 880 o
sin Aa—A—‘D T, cos fo. (Ej;AE cOS (ﬂ:I:Aﬁ)
O g9inea . oo :
(EXAE) cos FET
sin Aﬂﬂ‘%f:J_HEE;n 8-
JIIﬁCG=CF—FG
CF=3cose

Aa=arcsin

F@=ggin a tg %
and that, accordingly, -
J'H=s(cos aTsin a tg A_za)

Assuming in the case of small angles that cgs

Aa
7~
and & ,
tr A2 gin B
g = ~ein =5 :




=
there is obtained

. A A
JH=e(cos a CO8 ATa:Fsin a sin —;) = cO8 (a:l:—2—a)

(a:I:A.;—!) sin 3

8 oosl(ad; 923) sin 8
E+AE
AEB=HL=HK-— KL

and, accordingly,

§
= COB

B

sin Af=

or

(I} Af=arcsin

ITK=JH cos p==s cos (a:l:%c-')-cos 8

KL=JK tg 9-2-“?-=JH sin § tg A2—‘B=
8 co8 (a;&;%a-l) sin 7 tg 92—‘5
. A
AE=s.co8 (a:l:‘A—z‘-a)(cos B Fsin 8 tg ng)

Assuming In the case of small angles that cos

— ]

2
and

tg %rvsin ‘52—'8

there is obtalned

. A
A¥=s cos (a;l: i‘zﬁ)(coa 8.co8 %E;i: gim 8 sin Tﬂ)

A
(III) AE=s cos (ai%g) cos (ﬂj:—z'g)

According to the inventlon, the pew apparatus is
to furnish the magnitudes Aq, A8 and AE indicat-
ed by the equations I to IIT, respectively. If
.glightly reduced accuracies of the magnitudes Aax
and Ag are disregarded for the sake of a more
simple construction of the apparatus, the calcy-
lation of Ax and Ag can be based on the equations

g Bip &
{Ia) Aa=TETAE) cos (BLAB)
R.CO8 (a:i:%a) sin 8

(I1e) A= EXAE

which differ from the equations I and II only in
that the sine of Az and Ag are considered to be
equal to the magmitude of the angle itself, as is
admissible when small angles are concerned. If
the demands made upon the apparatus are re-
duced even further, the determination of Ae, AS
and AE can be based on the equations

g sin &

(I1b) A= g oos B
8 cos o 8in 8
(11b) Ap=—F—
(J11b) AE=2cos8 a c08 f§

These equatlons follow from the equations Ia,
IIa and III by neglection of AE and Ag in Ig, AE
and A« in IIg, and Aq and A In IIL

The apparatus illustrated by Figure 3 is used
for the determination of the magnitudes Aa, AB
and AE according to the equations Ig, IIa and
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ITI. On a plate | are rotatably mounted three
shafts 2, 3 and 4, which are assumed to be con-
tinuously rotated by other parts (not represented
in the drawing) of the gunnery calculator accord-
ing to the angle o, the angle g8 and the range E,
respectively. By means of a hand wheel § and
a threaded spindle 8, a slide T can be adjusted ac-
cording to the horizontal distance s of the gun
from the apparatus. The corresponding indicat-
Ing device Is designated 8, 9. The shaft 3, actu-
ated according to g, rotates by means of a palr
of spur gear wheeis 18, Il and a shaft 12 the
crown wheel 13 of a differential wheel gear (4
whose planet wheels 15 are rotated by a shaft 16
(operated according to <8, as explained herein-
after) and a pair of spur gear wheels |1, I8 about
the axis of the shaft 12 according to Ag/2 so that
the other crown wheel 19 of the differential wheel
gear |4 and the shaft 20 fast therewith are rotat-
ed according to fo=p=+Ap3. The shaft 4 actuated
according to E operates by means of a pair of
spur gear wheels 21, 22 the planet wheels 23 of a
differentlial wheel gear 24 according to E/2. The
one crown wheel 25 of this gear 24 is rotated by
a shaft 26 (operated according to AE, as explained
herelnafter) and a pair of bevel gear wheels 21
according to AE, so that the other crown wheel
28 of the differential wheel gear 24 and the shaft
2% fast therewith are rotated according to
Eo=E+AE.

For finding Ax use is made of a cam system
comprising three cams 30, 3| and 32, The cam
80 is displaceable along a grooved shaft 33 rotat-
able according to Eo by means of the shaft 29
and a pair of bevel gear wheels 34. The slide T
engages by means of a fork 3% the nave 38 of
the cam 30 In such a manner that this cam par-
ticipates in the displacements of the slide 1. The
cam 30, which is thus displaced according to s
and rotated according to Eo, is so constructed
that a hollow feeler 3T displaceable along a
grooved shaft 38 and continuously kept in contact
with the cam 30 by means of a spring 39 is ad-
justed according to s/Ec. The shaft 38 is ro-
tated by the shaft 2 and & palr of bevel gear
wheels 80 according to «. The cam 31 is fast
with the feeler 37 and therefore displaced accord-
ing to $/Ev and rotated aceording to «. This
cam 31 is so constructed that a hollow feeler 41
displaeeable along a shaft 42 and continuously
kept in contact with the cam 31 by means of a
apring 43 is adjusted according to

8 gin
T o
Fiy

The shaft 42 is coupled by means of a pair of bev-
el gear wheels M to the shaft 20 and, therefore,
rotated according to go. The cam 32, which is
fast with the feeler 41 and therefore displaced
according to s/Eo sin « and rotated according to
Be, i5 80 constructed that a feeler 45 mounted on
the plate | for displacement at right angles to the
shaft 42 and continuously kept in contact with
the cam 32 by means of a spring 48 is adjusted ac-
cording to

8 8ina

Ey"cos B

viz. according to the sought magnitude Az. The
feeler 45 is fast with a rack 4T in mesh wijth a
toothed wheel 88. By means of two palrs of
hevel gear wheels 49 and §0, the rotations of the
toothed wheel 48 are transmitted to a shaft §i,
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which is therefore rotated according to Aa. From
this shaft 51 the said magnitude Ax can be trans-
mitted to other mechanisms of the firing director
which are not shown in the drawing. '

The shaft 38 rotated according to « carries
the one crown wheel 62 of g differential wheel
gear B3, whose planet wheels 64 are coupled to
the shaft 61 by means of two pairs of bevel
gear wheels 86 and 68 in such g manner as to
be rotated about the axis of the shaft 38 accord-
ing to Ax«/4, so that the other crown wheel &7
of the differential wheel gear §3 and the grooved
shaft 86 carrylng this crown wheel 61 are ro-
tated according to

a:l:%g

-For finding Ag, use is made of a cam systern com-

prising three cams 68, 80 and 81. The cam §8
is displaceable along the grooved shaft §8, By
mesans of a pair of bevel gear wheels 82 a thread-
ed spindle 83 parallel to the shaft §8 is coupled
to the threaded spindle 8 in such 8 manner that
a slide 648 displaced by the spindle 88 is adjusted
according to s. The slide 84 engages by means of
a fork 86 the nave 86 of the cam 58 in such a
manner that this cam 58 participates In the dis-
placements of the slide 64, The cam 68, which
is thus displaced according to s and rotated ac-
cording to

Aar
a:l:?

is so constructed that a feeler 87 mounted on the
plate 1 for displacement at right angles to the
shaft 88 and continuously kept in contact with
the cam 69 by means of & spring 88 Is adjusted

.according to
& CO8 (a:t%z)

The cam 80 i{s displaceable along a grooved shaft
8% which Is parallel to the feeler 87 and rotated
by the shaft (2 and a palr of bevel gear wheels
10 according to g. By means of a fork Ti, the
feeler 81 engages the nave 12 of the cam 80 In
such a manner that this cam 60 participates in
the adjustments of the feeler 87, The cam 80,
which is thus displaced according to

8 ¢OB (ai%ﬂ)

and rotated according to g is so constructed
that a hollow feeler 18 displaceable along a
grooved shaft 14 and continuously kept In eon-
tact with the cam 80 by means of & spring 18 is
adjusted according to

N\
8 coB (a:l: %) pin @

By means of a palr of bevel gear wheels 18, a
shaft 11, a pair of bevel gear wheels 19, a shaft
19 and a pair of bevel gear wheels 88, the shaft
74 is coupled to the shaft 29 in such a manner
as to be rotated, as Is the shaft 28, according to
Fo. The cam 81, which is fast with the feeler
138 and therefore dlsplaced according to

B COB (a:l:%z) sin B

and rotated according to E., Is so constructed
that a feeler 81 mounted on the plate | for dis-
placement at right angles to the shaft 74 and
‘continyously kept In contact with the cam 6li
by means of a spring 82 Is displaced according to

g-.; cos (a:l:%u—') sin 8
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viz. according to the sought magnitude ag. The
feeler 61 Is fast with a rack 88 in mesh with &
toothed wheel 84. By means of a palr of bevel
gear wheels 86 the rotations of the toothed wheel
84 are transmitted to the shaft 18, so that, as as-
sumed above, this shaft 18 is rotated according
to Ag. From the shaft 18, the magnitude AS can
be transmitted to other mechanlsms of the fir-
ing director which are not represented in the
drawing.

The shaft 12 rotated according to 8 carries the
one crown wheel 88 of g differential wheel gear
81 whose planet wheels 88 are coupled by means
of a palr of spur gear wheels 88 to the shaft 18
in such a8 manner as to rotate about the axis of
the shaft 12 according to

A8
1

.50 that the other crown whee] 38 of the differen-
tial wheel gear 87 is rotated according to

ap
By

By means of a palr of bevel wheels 81 g grooved
‘shaft 92 is coupled to the crown wheel 80 In
‘such a manner as to rotate likewise according to

AB
.B:I:T

. Along the shaft 82 |5 displaceable a cam 83 con-
.stituting together with the cam 58 the third
cam system, which serves for finding AE. The
feeler 81 engages by means of a fork 86 the nave
94 of this cam 93 in suich a manner that this cam
93 participates in the displacements of the feeler
67. The cam 93, which is thus displaced ac-

cording to
Aa)
3 CcOo8| at 3
and rotated according to
LY:}
8% o>

is s0 constructed that a feeler 98 mounted on
the plate [ for dlsplacement at right angles to
the shaft 92 and continuously kept In contact
with the cam 983 by means of a spring 87 Is ad-
justed according to

LAY (a:l:%g) c08 (ﬂ:l:%—f)

viz. according to the sought magnitude AE. The
feeler 98 is fast with a rack 99 in mesh with a
toothed whee] 99. By means of a palr of bevel
gear wheels 1080 the rotations of the toothed
wheel 99 are transmitted to the shaft 28, so that,
as assumed above, this shaft 26 is rotated ac-
cording to AE. From the shaft 28, the magnitude
AE can be transmiited to other mechanisms of
the firing director which are not represented In
the drawing.

The described apparatus works automatically
as soon as the slide T {s adjusted by means of
the hand whee]l § according to s and the shafts
2, 3 and 4 are rotated according to «, 2 and E,
respectively.

An apparatus for maintaining the Equations I,
IT and ITI would differ from the described con-
structional example only by a different construe-
tion of the cams 32 and 61. The cam 32 would
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have to be so constructed as to adjust the feeler
45 according to
g6in o«
E cos fy
when displaced according to
g8in o
E
and rotated according to So and the cam 61 would
have to be given a form permitting it to adjust
the feeler 81 accordingly to

Ae=arcein

8 cOB (aié‘; gin B
E,

Af=aresin
when displaced according to
3 co3 (aj; %) sin 8

and rotated according to Eo.

The apparatus illustrated by Figure 4 serves :

for finding the magnitudes Az, Af and AE ac-
cording to the Equations Ib, IIb and IIb. On
account of the smaller demands made upon the
accuracy of the found magnitudes, this appa-
ratus is more simple than that shown by Figure
3, the main difference being that it lacks any
differential wheel gears. In the following de-
scription, the designations are as far as possible
the same as in Figure 3.

The mechanisms for calculating Az differ from
those of the apparatus shownh by Figure 3 only
in so far as the grooved shaft 33 iz coupled by
means of a pair of bevel gear wheels 34 direct
to the shaft 4 operated according to E and iIs
therefore rotated according to E (and not ac-
cording to Eo), and In that the hollow feeler 37
1s displaceable along the grooved shafi 2 rotated
according to =, and in that the shaft 42 is cou-
pled by means of the pair of bevel gear wheels
44 direct to the shaft 3 operated according to 8
and is thereforc rotated according to 8 (and not
according to o). The feeler 45 is consequently
displaced according to

Aa=
(and not according to,

8 Bina

Fy cos B

& sin e
Ecosp

The transformation of this displacement info & -

rotation 1s effected by means of a Iol-
lower mechanism. This mechanlsm has a
contact plece 101 fast with the feeler 45 and con-
stituting together with two contact members (82
and t03 an electric contact device. The two con-
tact members 102 and (03 are conneclted to a
slide 104 which is displaceable in the che or in
the other directlon by means of a threaded spin-
dle 105, & pair of spur gear wheels 186 and a mo-
tor 10T when the contact plece 101 touches the
contact member 102 or 103. From the spindle
{05, the magnitude Aa can be transmitted to
other mechanisms of the firlng director which are
-not represented in the drawing.

The cam system for finding Ap comprises two
cams 100 and 109. The cam 108, which is rigidly
connected to the cam 31 and therefore llkewlise
displacesble according to E/s and rotatable ac~
cording to «, is so constructed that a hollow

feeler (10 displaceable along g grooved shaft 11 ¥

and continuously Kept in contact with the cam
{06 by means of a spring 112 1s adjusted accord-
ing to

E?'COS o
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The shaft (11 i3 coupled by means of a pair of
bevel gear wheels {i8 to the shaft 8 In such a
manner as t¢ be rotated according to g. The

‘cam 109, which fs fast with the feeler 10 and

therefore displaced according to
8
—E, CO8S o

and rotated according to g, is so constructed that
a feeler 114 mounted on the plate { for displace-
ment at right angles to the shaft 111 and con-
tinuously kept in contact with the cam 109 by
means of a spring 115 is displaced according to

__S‘

K
viz. according to the sought magnitude A3. The
transformation of this displacement into a rota-
tion iIs effected by means of a follower mechanism
comprising a contact plece 116 which is fast with
the feeler |14 and constitutes together with two
contact members (1T and 118 an electric conthct
device, The two contact members 117 and 148
are connected to a slide 119 which is displaceable
in the one or in the other direction by means
of a threaded spindle 120 and a pair of spur geer
wheels 121 and a motor 122 when the contact
piece 118 touches the contact member (17 or 118.
From the spindle 120, the magnitude A can be
transmitted to other mechanisms of the firing di-
rector which are not represented in the drawing.

Of the two mechanisms 59 and 93 for finding
AE, 59 is displaceably mounted on the grooved
shaft 2 rotated according to «. This mechanism
59 is therefore not only displaced according to s
but also rotated according to «. The cam 59 is
50 constructed that a hollow feeler {23 displace-
able along a grooved shaft 124 and contihuously
kept in contact with the cam 59 by means of a
spring 125 is adjusted according to s cos =. The
shaft (24 is so coupled by means of a pair of bevel
gear wheels (26 to the shaft 3§ as to rotate ae-
cording to 8. The cam 83, which Is fast with
the feeler 123 and therefore displaceable ac-
cording to s cos « and rotatable according to 3,
is s0 constructed that a pin 127 mounted on the
plate | for displacement at right angles 6o the
shaft 124 and kept in continuous econtact with
the cam 83 by means of a spring 128 is displaced
according to $ cos « cos g, viz, according to the
sought magnitude AE. The transformation of
this displacement Into a rotation is effected by
means of a follower mechanism. This mecha-
nism has a contact plece (29 fast with the pin (27
and constituting together with two cohtadt
members (30 and i3] an €lectric contact device.
The two contact members 130 and 131 are con-
nected to a slide 132 which is displaced in the one
or in the other direction by means of a threaded
spindle 133, a pair of spur gear wheels 134 and
a2 motor 135 when the contact piece 129 touches
the contact member (30 or 131. From the spin-
dle i33 the magnitude AE can be transmitted to
other mechanisms of the firing director which
are not represented in the drawing.

In deducing the equations for Ae, Ag and
AR, 1t has been assumed for the sake of simplicity
that the apparatus A and the gun B lie in a hori-
zontal plane. Taking into consideration any dif-
ference in the heights of A and B does not pre-
sent any dificulties either in the deduction of the
corresponding equations or in the construction of
& corresponding apparatus.

KARIL PAPELLO.

Cos o 8in 8






