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To all whom it may concern.: :
Be it known that I, WALTHER AKEMANN,
residing at Essen, Germany, a citizen of
the German Republic, have invented a. cer-
tain new and useful Improvement in Fire-
Control Apparatus for Naval Guns, of which
the following is a. specification. A
This invention relates to fire control ap-
paratus for naval guns, in which a gyro-
scopic apparatus is provided, which permits
of taking into account the influence of the
rolling movements of the ship on the angle
of elevation of the gun which corresponds
to the range of the target. The object of the
invention 1s, first and foremost, to provide
a fire control apparatus of this kind which
insures a very high degree of readiness for
being fired, of the gun which is equipped

with it and in which that part of the fire

control apparatus which is situated at the
controlling station is_distinguished by ‘a
particularly compact construction,

The invention will be described with vref-
erence to the accompanying drawing in
which in Figure 1 is shown a diagrammatic
representation of a construction of the in-
vention and :

Fig. 2 a modification of a detail of the
construction shown in Fig. 1.

In the construction illustrated in Fig. 1
the fire control apparatus consists of three
separate apparatus connected by electric
conductors, of which the first one, denoted
by I, is placed at an observing station situ-
ated high up in the ship (such ason a mast),
the second, denoted by 11, at the controlling

~ station and the third, denoted by III, at the
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gun station. , :
The apparatus denoted by I placed at
the observing station, consists of a casing

- A which can be rotated about a vertical axis

by means of a worm gear «* a* in the upper
part of which is suspended an electrically
driven gyroscope and a transmitting appa-
ratus which codperates therewith together
with the corresponding adjusting devices.
The outer cardan ring of the gyroscope (not
shown) has two horizontal pins 5! and 32
one of which (5*) carries a horizontal sight-
ing telescope B and the other one (4%) a
spur wheel %% This spur wheel 0® gears
into a spur wheel ¢* of the same diameter
mounted on the armature shaft ¢2 of a coarse

transmitter comprising the armature C and -

~ the corresponding magnet frame C. The

armature shaft ¢* also positively connected
to the armature shaft e* of a fine transmit-
ter eomprising an armature E and the cor-
responding magnet frame E!, by a spur
wheel counter shaft gear, ¢, d, D, @2, ¢?, in
the manner shown in the drawing, so that
a rotation of the armature shaft ¢ will
result in a corresponding rotation of the
armature shaft ¢2. The magnet frames C*
and E? of the two transmitters are adjust-
able for the purpose of adjusting the range
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of the target and a preliminary ignition

angle corresponding to the delay in the
firing, the range of the target being ad-
justed by a milled head G mounted on a
shaft ¢* together with an indicating appa-
ratus g? ¢°, and the preliminary ignition
angle, by a milled head H mounted on a
shaft A* together with an indicating appa-
ratus A% k%, The indicating apparatus ¢* ¢3
i1s so constructed that its adjustment to a
particular range of target is corresponded
to by an angle of rotation of the magnet
frames C* and E* which differs by a com-
paratively small fixed value from the angle
of elevation given in the tables of ranges
and corresponding to the adjusted range
of the target. The milled head G is posi-
tively connected in the manner shown in the
drawing directly to the one central wheel
g* and the milled head H through a gear-
mg A+ &Y, K, &2, k%, to the other central
wheel 4* of a sun and planet gear, the planet
wheel ¢* of which is positively connected by
means of the gearing J, 4%, ¢, with the
magnet frame E* and by means of the gear-
ing J, 4%, ¢3, with the magnet frame C.
From the transmitter C, C* lead conduc-

tors C*® to a coarse receiver {not shown) and

from the transmitter E, E* lead conductors

E5 to a fine receiver (not shown) both of

which are inclosed in the box-like casing M
placed at the controlling station II. The
armature shaft of the coarse receiver pro-
jects through the front wall of the casing
I and carries on its free end a downwardly
bent pointer N provided with an indicating
mark n! and also a small representation of
the gun barre] situated at the gun station
1. The indicating mark »' of the pointer
XN points to a rolling angle scale m! in-
scribed on the front wall of the casing M.
The armature shaft of the fine receiver
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which also projects through the aforesaid
wall of the casing M carries on its free end a
pointer P, which with its indicating mark p
stands opposite an angle scale m* of_circu-
lar form on the front wall of the casing M.
The ratio of transmission existing between
the pointers N and P of the coarse and fine
receivers is so selected that a movement of
the pointer N, which extends over an angu-
lar distance determinéd by the distance
apart of two division marks on the rolling
angle scale m* is corresponded to by a rota-
tion of the pointer P through a full 360°.
In the front wall of the casing M is provided
a circularly shaped guide groove m?°, concen-
tric with the axis of rotation of the pointer

P and surrounding the angle scale m? for a
-short distance.

In the guide groove m® is
pivotally mounted a sliding piece R of seg-
mental shape which extends over one fourth
of a circle. The sliding piece is rotated by
a hand wheel S mounted on the aforesaid
front wall of the casing and positively con-
nected to the sliding piece R by gearing not
shown. The sliding piece R is provided in

_the manner shown in the drawing with two

marks 7* and 7* the distance of which corre-
sponds to the angle of rotaton of the pas-
sage of the hull of the shi{) from the instant
of the return from the rolling movement to

the instant of firing and which are intended.

when the apparatus is used in a manner to
be described later to register with the
pointer P.

From the conductbrs Es and C* branch off -
-in the manner shown in the drawing con-

ductors E¢ and C* which lead to a fine and
coarse receiver both mounted on the gun but
not shown. The mountin% of the receivers
placed at the gun station IIT corresponds to
the mounting of the receivers placed at the
controlling station II and the pointer T of
the coarse receiver mounted at the gun ac-
cordingly corresponds to the pointer N and
the pointer T* to the pointer P. To the
pointers T-and T* are assigned in the man-
ner shown in the drawing, marks ¢#* and #°,
£+, the carriers of which are positively con-
nected to the gun barrel T5 through the ele-
vating gear. The angular distance of the

marks £ and #* from each other is equal to .

that of the marks 7* and 2 and is so calcu-
lated that it corresponds to the divergence
of the angle of rotation of the transmitter
magnet frame C* and ‘E* from the angle of
rotation given in the tables of ranges and
corresponding to the adjusted range of the
target. In the breech piece of the gun barrel
Ts is placed a winding #° intended to excite
the firing magnet, the ends of which are con-
nected to a hand operated switch T? placed
at the controlling station and connected to a
source of current T®. A

In order that the working of the above de-
seribed fire control apparatus may be clearly
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‘understood let it be assumed that the tele-

scope B and the gun barrel T® have been ad-
justed for transverse and the ship while the
switch is open is executing rolling move-
ments about its horizontal position. Let
it be also assumed that at the commence-
ment of the use of the fire control apparatus
the ship and the gun barrel assume a hori-
zontal position and consequently the indi-
cating devices at the controlling station IT
and the gun station ITI are in the positions
shown in the drawing in-which the marks ¢*
and ¢* are opposite the pointers T and T™

If the gun barrel T* is tv be elevated by
the aid of the above described fire control
apparatus to the elevation corresponding to
the range of the target and fired at an in-
stant which lies in the vicinity of the point
of reversal of the rolling movement and say -
for example by a small period of time prior 85
to the instant in. which while rolling, the ship
is passing through the points of reversal, the
range of the target is first adjusted by ro-
tation of the hand wheel G and read off on
the indicating device g2 ¢°. The rotation of
the milled head G causes a rotation of the
magnet frame C* and E* which deviates by
a small fixed amount from the angle of ro-
tation which corresponds to the angle given.
in the tables of ranges and corresponds to
the range of the target. The rotation of the
magnet frames C* and E* cause in their turn,
an accurately true angular rotation of the
receivers placed at the controlling station 'I
and at the gun and consequently of the 100
pointers N and P and T and T* belonging to
these receivers which therefore move away
from the marks #2 and #*. The gun layer
whose duty it is to attend to the elevating
gear of the.gun barrel T® rocks the gun 105
barrel in accordance with the indications-of
the pointers T and T* in such a direction that .
the marks # and #* positively connected
thereto again stand opposite the pointers T
and T* and the gun barrel accordingly as--110
sumes an elevation which deviates by the-
above mentioned fixed value from the angle
of elevation given in the tables of ranges
and corresponding to the adjusted range of
the target. )

As the pointers N and P of the receiver
placed at the controlling station take part,
absolutely true to angle, in the rotation of
the magnet frame C' and E* of the trans-
mitters C, C' and E, E? placed at the observ- 120
ing station, the pointer N and consequently '
the representation N2 of the gun barrel will
assume after the adjustment of the trans-
mitting device to the range of the target a
sloping position relatively to the central po- 125
sition shown in the drawing and coinciding
with the sloping position of the gun barrel
T5 after its adjustment in respect to its hori-
zontal position. .

If the ship now rolls out of its middle po- 130
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sition, upwardly for example, the telescope
B held in its horizontal position by the gyro-
scope and consequently also the armatures
C and E positively connected thereto make
a relative oscillatory movement in respect
to the corresponding magnet frames C* and
E* by the amount of the angle of roll. In
this oscillatory movement of the armatures
C and E, the pointers N and P of the re-
ceivers placed at the controlling station and
the pointers T and T* of the receivers pro-
vided on the gun, also take part true to
angle. The said receivers and consequently
the corresponding pointers N and P and T
and T* are also at theé same time rotated out
of the angular position imparted to them at
the adjustment of the range of the target
through an” additional angle which is equal
at every instant to the angle of the rotation
of the telescope B in respect to the casing A,

~ that is to say, to the angle of roll at the
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moment. The additional rotation of the
pointers N and P and T and T* takes place
1n such a direction that the additional angle
is added to or subtracted from the angle cor-
responding to the range of the target, ac-
cording as the telescope B is rotated in one
direction or the other in the roll of the ship
up or down. The pointers N and P and T
and T* assume therefore at the instant of
reversal of the rolling movement a position
which . deviates from the angle correspond-
ing to the range of the target by the amount
of the angle of roll.

The additional rotation of the pointer P
situated at the controlling station IT is fol-
lowed by the man whose duty it is to adjust
the sliding piece R by turning the hand
wheel S, in such a way, that at the instant
of the reversal of the rolling movement, that
is to say, at the instant of stand-still of the
pointer P that the mark »2 is opposite the
pointer P, then stops the hand wheel S.
At the same time the man who sees to the
elevating gear adjusts the gun barrel T° so
that the marks #? and # positively connected
thereto are again opposite the pointers T
and T of the receivers on the gun at the in-
stant of the reversal of the rolling move-
ment, that is to. say, at the instant of the
standstill of the pointers T and T:. The
gun barrel T® has accordingly suffered a ro-
tation by an amount which is equal to the
angle of roll in addition to its previous ele-
vation and in such a direction that it forms
at the instant of the reversal of the rolling

.~ movement the same angle with a horizontal
- plane passing through its trunnions which

it included with the same horizontal plane
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in the horizontal position of the ship after

“the adjustment to the range of the target.
. This angle, as has already been stated, is

different by a comparatively small fixed
value from the angle of elevation proper
corresponding to the range of the target, and

a

the angle of elevation imparted to the gun
barrel gﬁ is greater by the said fixed value
than the angle of elevation corresponding
to the range of the target when the firing
of the shot takes place in the part of the
rolling movement which lies above the cen-
tral floating position. As soon as the man
who works the elevating gear has made the
last mentioned adjustment of the gun barrel,
he stops the driving mechanism of the ele-
vating gear and by means of a signaling de-
vice (not shown) gives a corresponding
signal to the controlling station.

If the ship now rolls reckoned from the
upper point of reversal, toward its central
position again, the.direction of rotation of
the transmitter armatures C and E and
therefore also of the pointers N and P and T
and T* becomes reversed, while the station-
ary marks 7 and »* and #2, #* retain their po-
sition with respect to the ship. The gun
layer at the controlling station now ob-
serves, as soon as he is informed by the sig-
nal given from the gun station of the ad-
justment of the gun aforesaid, the pointer P
as the ship rolls back and by closing the
switch T7 fires'the gun at the instant in
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which the pointer P just passes over the -

mark 7. At this instant the pointer T* of
the fine receiver at the gun is also just oppo-
site the mark # and the ship and the gun
barrel which is therefore now at a stand-
still with respect thereto have accordingly
been depressed by an angle which is equal

‘to the aforesaid fixed value by the. amount

which the elevation of the gun barrél was
greater than the elevation proper given in+
the tables of ranges and corresponding to the
range of the target. The firing of the shot
therefore takes place at an instant in which
the gun barrel T° assumes an elevation with
respect to a horizontal plane passing through
its trunnions which is altered by the momen-
tary oblique position and corresponding to
the range of the target. ’
The above described adjustment of the
gun barrel 'I'® can also be varied by turn-
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ing the hand wheel H through a prelimi- .

nary ignition angle corresponding to the
delay in the firing. The adjustment of a
preliminary ignition angle is however gen-
erally not necessary, as the firing of the shot

115

in the vicinity of the point of reversal of .

the rolling movement takes place at this
point and the movement of the gun barrel
therefore proceeds very slowly.-

In the fire control apparatus which forms
the subject matter of the present invention
the apparatus situated at the controlling sta-
tion IT is distinguished by its particularly
compact construction. This fact is of ma-
terial importance in view of the limited ac-
commodation at the controlling stations of
war ships, the space in which is erowded np
with a number of other appliances.
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Furthermore the present inventien in-
sures the advantage of a. high degree of

readiness of fire for the gun equipped there-

with. This advantage is based on the fact
that in it the transmitting device provided
with the telescope B is separated from the

- firing apparatus situated at the controlling
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station II.  By:this means in particular it
is possible to place the transmitting appara-
tus in. a : particularly :faverably situated
point of observation ‘ (on ‘a mast for in-
stance) which as experience has shown gives
a view -of the target which is seldom ob-
scured by:smoke. Several of these trans-
mitting devices may also be placed at differ-
ent points on the ship of which each, on the
failure to act of one ‘of the others, can co-
operate with the firing apparatus at the
controlling station I1. In like manner sev-
eral firing devices may be placed about at
different points of the ship which codperate

. with ‘one or - more transmitting devices.
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Again the high degree of readiness for fire
is based on the fact that the man who has
to attend to the elevating gear of the gun
can 'ascertain, . from  the ‘instant of the re-
versal of the rolling: movement by the posi-
tion of the pointer T* with respect to the
mark #°, at what instant:the firing of the
shot: will take place. : He can: therefore so
regulate the manipulation of the: elevating
gear with certainty that even in the case of
rapid rolling movements the adjustment of
the gun barrel can be completed before the
pointer: T* reaches the mark ¢. '
Without making any change in the es-
sential features of the invention, it would
be possible, to so construct this fire control
apparatus that the sliding piece R at the con-
trolling station II is not brought by hand

into the position as regards angle assumed

by the pointer P, but that the movement of
this sliding piece R which is to take place
is effected-automatically on the adjustment
of the pointer P. To effect this purpose the
conductors E° which lead to the first re-
ceiver which sets the pointer P in rotation,
might (see Fig. 2 of the drawing) lead on
through switch E7 to a second fine receiver

of a-like kind arranged co-axially with the -

aforesaid fine receiver and the shaft of
which carries the sliding piece R provided
with -the marks 7 and 3, -

Tt is clear without further explanation, that
in the modification shown in Fig. 2 of the
firing apparatus placed at the controlling
station II, the sliding piece R when the

switch E7 is in the closed position, takes

part true to angle and automatically, in the
rotary movement of the pointer P which
takes place on the adjustment of the range
of the target, the firing delay and when the
ship rolls, so that the man who attends to
the firing apparatus only needs to open the
switch at the instantkof the reversal of the
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rolling movement of the ship in order to
bring the sliding piece to a standstill, while
the pointer P executes its rearward rotation.
- It would  also be possible to cause the
sliding piece R to take part in the move-
ment automatically by a  mechanical cou-
pling with the pointer ‘P, which would have
to ‘be thrown out:of action at the: instant of
reversal of the rolling movement of ‘ the
ship.

Furthermore the pointer P of the fine re-
ceiver situated at the controlling station and

-also the mark #* of the sliding piece R might

be placed:in the circuit which. contains. the
exciting winding #° of the firing magnet and
the switch T7.: In this case the firing of the
shot: would :take: place automatically as: the
pointer P passes the mark #* if the switch
T7. has' been previously brought - into 'its
closed position.

Finally the coarse transmitter armature
C: and the  fine transmitter armature: I&
might also each have a pointer assigned to
them corresponding to the pointers N and
P and a sliding piece: construeted to corre-
spond to the sliding piece R ‘made  adjust-
able to the pointer belonging to the fine
transmitter ‘armature: E.

The firing of the gun would: then: take
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place; which would be: of advantage if the g5

firing device -at the controlling station II
was put out of action, by the aid of a swit¢h
placed near the transmitting apparatus (I)
and from .the point at which the :observa-
tion of the target and the adjustment of

“the angle of elevation corresponding to the

range of the target and the firing delay takes
place. The method of working the apparatus
does not differ in other respects from that
already explained.
-. Claims: ' )

1. An apparatus of the class described
which comprises a sighting device, a_gyro-

"scopic apparatus for stabilizing said device,

an electrical long distance controlling appa-
ratus embodying transmitters and a range
device, two sets of receivers in circuit with
said electrical controlling apparatus, two
sets of pointers operatable by said receivers,
marks coOperating: with one set of pointers
arranged at the gun and operatiyely con-
nected to the gun, and indicating. its posi-
tion of elevation, a mark codperating with
a pointer of the other set of pointers, and
marks adjustable to correspond to the angle
of roll of the ship. :

2. An apparatus of the class described
which comprises a sighting device, means
for stabilizing the sig%ting device, a trans-
mitter, means including a range device and
a second adjusting apparatus for adjusting
the transmitter, an electrical long distance
controlling- apparatus including said trans-
mitter, two sets of receivers in said long dis-
tance apparatus, pointers operated by said
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receivers, marks operatively connected to
the gun barrel and codperating with one set
of pointers, a second pair of marks codper-
aing with one of the second set of pointers,
an electrical firing device mounted on the
gun and a circuit including said firing de-
vice and one of said pointers and second
marks. ‘ ]

3. An apparatus of the class described
which comprises a sighting device, a gyro-
scopic apparatus for stabilizing the sight-
ing device, a pair of transmitters, means for
adjusting said transmitters which embodies
a range device, means for additionally ad-
justing said transmitters, an electrical long
distance control apparatus embodying a cir-
cuit which includes the transmitters and two
sets of coGperating receivers, pointers oper-
ated by the receivers, marks coGperating
with the pointers, means operatively con-
necting the marks coOperating with the

ointers of one set of receivers, to the gun
Earrel to indicate its position of elevation,

.a movable member at one of the receivers

carrying 2 pair of marks, means for adjust-
ing said movable member to correspond to
the angle of roll of the ship, a firing device
for the gun and electrical means connecting
a pointer, one of the marks on said movable
member and the firing deyice.

4. An apparatus of the class described
which comprises a sighting device, a gyro-
scopic apparatus for stabilizing said sight-
ing device, an electrical long distance con-
trol device which embodies a transmitter
and a pair of codperating receivers, means
for adjusting the transmitter, pointers op-
eratable by the receivers, marks codperating
with one set of receivers and operatively
connected to the gun elevating gear to
indicate its positions of elevation, a rotata-
ble member at one of the receivers carrying
a pair of marks, means operatable by the
transmitter for moving said member, said
pair of marks co6perating with one pointer
of the other set of pointers, and adjustable
to correspond to the roll of the ship.

5, An appamatus of the class described
which comprises a sighting device, a gyro-
scopic apparatus for stabilizing said sight-
ing device, an electrical long distance con-
trol device which embodies a transmitter, a
pair of colperating receivers, means for ad-
justing the transmitter, pointers operatable
by the receivers, marks colperating with
one set of receivers and operatively connect-

ed to the gun elevating gear to indicate its
positions of elevation, a rotatable member
at one of the receivers carrying a pair of
marks, means capable of being thrown out
of operation for connecting the rotary mem-
ber to said receiver, said pair of marks eo-
operating with one pointer of the other set
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of pointers, and adjustable to correspond to

the roll of the ship.

6. An apparatus of the class described
comprising a sighting device, a gyroscopic
apparatus for stabilizing said device, a pair
of transmitters, means for adjusting said
transmitters corresponding to the range,
two sets of coGperating receivers, means op-
eratively connecting said transmitters to
said receivers, pointers operatable by said
receivers, marks cobperating with the point-
ers of one set of receivers, said marks being
operatively connected to the gun barrel, a
pair of marks cooperating with one of the
pointers of the other set of receivers, said
pair of marks adapted to be adjusted to cor-
respond to the angle of roll of the ship, the

other pointer of this latter set of receivers

having rigidly secured thereto a representa-
tion of a gun barrel, substantially as and
for the purpose set forth. _

7. An apparatus of the class described
comprising a multiplicity of observing sta-
tions, each station provided with a sjg%ting
device, a gyroscopic apparatus for stabiliz-
ing the sighting device, transmitters, means
for adjusting said transmitters, which em-
bodies a range device, a corresponding num-
ber of controlling stations, each controlling
station being provided with a set of receiv-
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ers, pointers operatable by said receivers, a

pair of marks cotperating with one of said
pointers and adjustable to correspond to the
roll of the ship, a corresponding number
of sets of receivers positioned adjacent the
guns, pointers OEer.atable by said receivers,
codperating marks operatively connected to
the gun, electrical means connecting said
transmitters and receivers, each set of trans-
mitters and corresponding receivers being
connected to the next set selectively.

The foregoing specification signed at
gsésgn? Germany, this 17th day of June,

Dr. WALTHER AKEMANN.

In presence of—
Hans GorTsMANN,
JoHANN DECKERS.
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