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UNITED STATES PATENT OFFICE

- MORTIMER F. BATES, OF BROOKLYN, NEW YORK, ASSIGNOR, BY MESNE ASSIGNMENTS,
TO' SPERRY GYROSCOPE COMPANY, INC, A CORPORATION OF NEW YORK

GUN FIRE CONTROL SYSTEM -
Application filed June 8, 1923. Serial No. 644,136.

This invention relates to gun fire control from moment to moment usually passing
_ systems and has for its object the provision through zero.  The range that is primarily
~~ ~of-an_improved system .of this character. transmitted to the range ‘indicator located
More specifically, it relates to a correction in the turret is the net range after all plot-
& system for errors due to trunnion tilting of ting room corrections have been made and is 55
ordnance on shiphoard out of the plane of based on the assumption that firing wili take
* the horizontal occasioned by the rolling and place as the ship passes through ‘the hori-
pitching motions of the ship. - The inven-- zontal. When firing is to take place-as the
tion embraces azimuth or train correction -ship is heeled, the said final correction for

10 due to said motions, which correction is pref- range may be of some moment and it is 60
erably introduced automatically in the gen- therefore indieated as 2 plus or minus cor- -
eral azimuth training system either by indi- . rection of the primary range. In this sys-
cators or the automatic operation of the gun tem, provision is made in the firing circuit
mounting or turret. The device also extends- for interlocking this circuit with the range

16 to the automatic indication of the proper indicator in the turret and an indicator at the 65
correction value which may be introduced firing station so that when a given amount
into the range at will. These functions vary of range correction has been introduced-into
when the axis-of the gun and its elevation 1s the range indicator, the firing of the gun
considered with respect to the longitudinal cannot take place except at that point of heel

20 axis of the ship. - oo of the ship corresponding to this given cor-:70

In carrying out my invention, I employ a rection. On the other hand, the correction
universally -supported pendulum for main- for trunnion tilt which affects the train of
taining the vertical. ~This is' preferably the gun is constantly introduced automati-

- gyroscopic and compensated against acceler-- cally along with other well understood azi-
~256 ation pressures, being mounted on a.base muth corrections, the algebraic sum of which 75
which may swivel about a vertical axis and reaches the target turret indicator. . :
be trained virtually with the gun directly or I may also employ my invention in con- -
indirectly, and having indicating or actuat- nection with the director firing system dis-
ing apparatus or contacts on either one or closed in the copending application of Ralph -

30 both of the axes of the gyroscopic pendulum, E. Kortepeter, Serial No. 653,445 filed July 80
one of which axes may be considered as kept 24, 1923 which invention is assigned to the
at all times parallel with the training of the assignee of the present invention, reference
gun and the other axis at right angles there- to which is had for the preferred details of
to. The contact about the first mentioned- the indicators referred to herein. _

35 axis is employed to obtain the angle of tilt = My invention will be better understood. 85
of the trunnions, thereby actuating inter- from the following description taken in con-
mediate computing or other apparatus nection with the accompanying drawings and
‘which properly functions to develop the azi- its scope will be pointed out in the appended
muth corrections of the gun.as well as the claims. _ S

40 location of these corrections in their proper ~ In the drawings illustrating what I now 90
amounts as they lie either to the right or consider the preferred form of my invention,
left of the line of train. The contact about = TFig. 1 is a perspective view of my con-
the last mentioned axis whicn 1s parallel trolling apparatus with auxiliary parts.
with the gun trunnions controls the correc-  Fig. 2 is a diagram illustrating parts of

45 tion indicator for elevation or range of the the mechanism shown in Fig. 1 and their re- 98
gun located at the firing station. This lat- lation to other units'in the system, with elec-
ter correction can be introduced at will into - trical connections. ' '
the range of the gun as will appear herein- = Fig. 3 is a modification of part of my con-
after. Of course, it is understood that this trolling'mechanism, and - , : ,

50 final correction for elevation or range varies  Fig. 4 is an enlarged detail of a portion of 100




10

15

20

2

Fig. 2 more clearly to illustrate the operation
of the system. -

Referring now to Figs. 1 and 2, the gun 1
to be controlled is shown as mounted on a
rotatable platform 2 such as a turret for
movement in azimuth and in trunnions 3 for
elevation. In the turret is an instrument 4
of a standard type, an early form of which
is shown in Letters Patent 1,296,439 to Elmer
A. Sperry dated March 4, 1919, and a later
form of which is shown in the pending appli-
cation of the same inventor, now Patent No.
1,755,340, dated April 22, 1930, being as-
signed to the assignee of the present inven-
tion; known as the target bearing or target
turret indicator (T. T.1.) to which is trans-

"mitted the azimuth readings with all correc-

tions introduced, which will be more fully
explained hereinafter. The'instrument 4 has
an index 5 to indicate the readings trans-
mitted, and a pointer 6 rotatable with a shaft

T rwhieh-may be geared to a shaft 8 carrying

26

2 gear 9 and handle 107 The-gear-9-meshes
with a gear 11 on the periphery of platform
2. An attendant is stationed in the turret,

“who by means of the handle 10, keeps the

30
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485

50

55

60

65

pointer 6 and index 5 in coincidence, thereby

moving the gun in azimuth to the position
indicated by the index 5, in a manner readily
understood. Since azimuth corrections are
being continuously introduced, due to the
motion of the ship or of the target, the at-

tendant continuously keeps the pointer 6 and.

index 5 in coincidence.

In the turret is a second instrument 12, of
a standard type and somewhat similar to the
indicator 4, known as a target range indi-
cator. (T. R. 1.) to which is transmitted the
elevation of the gun, as will be later de-
scribed. This instrument has an index 13 to
indicate the elevation of the gun, and a point-
er 14, rotatable with a shaft 15 having fixed
thereto a gear 16 and-handle 17.The gear 16

meshes with a gear 17/, which meshes with a

gear segment 177" fixed to gun 1. A second at-
tendant in the turret keeps the pointer 14 and
index 13 in coincidence, thereby moving the
gun in elevation to the position indicated by
the index 13, in a manner readily understood.
The elevation at which the gun is to be fixed
is predetermined, and consequently, after the
gun is once trained in elevation, it need not
be changed unless new conditions requiring
correction arise, such as where it is desired to
change the point or time with respect to the
roll of the ship at which firing is to take
place. The parts described are located in
the turret, and the diagram is a conventional
drawing to illustrate their relation, it being
understood of course, that in practice the
parts may assume other forms and be differ-
eutly arranged to perform these functions.

" In standard systems, a target bearing tele-
scope 18 (T. B. T.) is-employed, which is
continuously kept upon the target. Thisisa

1,829,181 . e I

standard instrument and need not here be de-
seribed. Itisprovided with a transmitter 18"

" which transmits its readings to an instrument

19 located in the plotting room known as a
target bearing or target turret transmitter
(T.T.T.). Thisis also a well-known stand-
ard type of instrument and need not be de-
scribed in detail herein. In the plotting
room, there are numerous corrections intrd-
duced, and the corrected reading is trans-
mitted through conductors 19’ to the target
turret indicator 4. These corrected readings
are also transmitted through conductors 20
to a synchronous motor 21, which rotates con-
tacts 22, which control a follow-up motor 23
in 2 manner well understood in the art. - The
motor 23 through suitable gear mechanism 24
rotates a table 25, on which as shown in Fig. 1,

70

76

80

is supported my apparatus for correcting for -

cerror in angle of train due to trunnion tilt

and motion about the trunnion.axis, which
will be described in detail hereinafter, al-
though all of the mechanism shown in Fig. 1

‘need not necessarily be mounted on this table.

Table 25, the mechanism supported thereby
and motors 21 and 23 are also preferably lo-
cated in the plotting room as indicated.

The table 25 is mounted in a horizontal
plane on a suitable rotatable vertical support
within a casing 26 containing collector rings
and brushes for the various electric circuits
of the apparatus, the details of which are not
shown. On said table is.-mounted a univer-
sally supported pendulum for maintaining
the vertical, which is shown as a gyroscope
27, which is preferably of the type shown in
my Patent No. 1,518,892, dated December 9,
1924, which patent is assigned to the assignee
of the present invention.

As shown in Fig. 1 the gyroscope 27 com-
prises a casing 28 in which is mournted on a
vertical spinning axis a rotor of the usual
type, not visible in the drawing which is
driven by a suitable electrical source in the
usual manner. The casing 28 is universally
mounted in a cardan suspension, the casing
being provided with pivots 29, 30 journaled
within a gimbal ring 81, which ring is in
turn similarly mounted for oscillation or ro-
tation about normally horizontal pivots at
right angles to the pivots 29, 80, one of which,
32, is visible in Fig. 1. " These latter pivots
of which 82 is visible, are suitably journaled
in supporting brackets, one of which is shown
at 33. I preferably employ a gyroscope com-
pensated against acceleration pressures as
described in the aforesaid application, in
which the casing is provided with nozzles
31/, through which air under pressure flows,
the openings of the nozzles being controlled
by an auxiliary, universal pendulum. The
apparent movement of the gyroscope about
the two cardan axes of the gyroscopic sus-
pension, due to the motion of the ship, is

3b
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used to control two separate sets of mech-
anism. ’

First considering the oscillation about the.

horizontal axis of pivot 82. As shown in
Fig. 1, the pivot 32 extends through bracket
33 and has suitably fixed thereto an element
34 .having two contacts 35, 36, separated by
a strip of insulation 87.  The contacts 35, 36
are electrically connected to a follow-up
motor 38, which connections are diagram-
matically shown in Fig. 2. Said contacts are
arranged to be erigaged by a brush 39, car-
ried by an arm 40. The brush 39 is con-
nected to the opposite side of the electrical
source for motor 88. It is-therefore obvious
that rotation about pivot 82 will close the cir-
cuit of motor 38 through either of the con-
tacts 85, 36 and that the circuit is open when

the brush is in its neutral position or on,
insulation 87. It is of course understood that

the circuit through said contacts drives the
motor in opposite diréctions. The arm 40 is
fixed to a shaft 41 which is journaled in suit-
able supporting brackets 42, 43. Said shaft
41 being mounted on the platform 25 in-line
with the axis 32 of the gyroscope is obviously
maintained in the line of sight of the target.
At its opposite end, the shaft 41 is formed
with a fork 44 within which is pivoted an arm
45, on axis 44’ which lies perpendicular to

the shaft 41 and is maintained truly hori-

means of contacts

zontal by the gyroscope by
28, and the link-

35, 86, 89, follow-up motor

age hereinafter described.  The end of the

arm 45 which is shown as in the form of a
pilot gun fits into the slot 46 of an arc shaped
member 47 which is secured to a shaft 48,
suitably journaled in extensions 49, 50 of the
bracket 43 at right angles to the axis 447,
i. e., shaft 48 lies perpendicular to the ship’s
deck. AIl three axes, 1. e., of shafts 41,44’
and 48, preferably intersect at a common
point. At its opposite end, the shaft 48 ‘is
provided with a bevel gear 51 meshing with
a bevel gear 52 on shaft 53
54. The transmitter 54 is provided with a
gear 55 meshing with a gear 56 on the follow-

- up motor 38. From the foregoing, it will be

50

55

30

seen that when the circuit of motor 38 is
closed through either.of the contacts 35, 36,
the transmitter 54 will be rotated turning its
chaft 53 which in turn moves part 47 to the
right or left through its bevel gear connec-
tion through an angle equal to the component
of the angle of traverse of the gun resolved

in the plane of the ship’s deck. The move-

" ment of :
causing shaft 41 to turn until the brush 35
reaches its neutral position on insulation 87,

part 47 carries with it the arm 45

when the motor circuit is opened. At the

. same time the transmitter 54 is actuated as
" before stated and the movement is trans-

64

" mitted to the target turret indicator 4

through conductors 57. A circumferentially
grooved sleeve 58 is loosely mounted on shaft

of a transmitter.

-ship, i. e.; the

3

41, and has fixed thereto an arm 59 provided

with gear teeth 60 arranged to mesh with a

gear segment 61 fixed to the arm 45. Con-

sequently, and longitudinal movement of the
sleeve 58 will cause the arm 45 to be elevated:

_or lowered in the slot 46. The slceve 58 may

be moved longitudinally by means of a gear
62 on a shaft 63 journaled in brackets 64, 65.

At one end, the shaft 63 is provided with a -

handle 66, and its opposite end with a pointer
67 cooperating with a graduated dial 68. It
follows from this construction that the
greater the elevation of element 45, the more
movement for a given amount of follow-up

on the contact sector 34 there will be of the

75

80

motor 388 and transmitter 54. When thearm

45 is in its lowest position, no iotion can be
transmitted to shaft 41. Therefore, a circuit
breaker is placed -at 69 to render motor 38
inoperative except at such times as there is
an appreciable elevation of arm'45. Having

85

described the structural details, the opera- -

tion and purposé of this apparatus will be
readily understood.

As shown in Fig. 2, the table 25 support-
ing this mechanism is rotated by a motor 23
controlled by synchronous motor 21, which is
driven from the target turret transmitter 19.
When the apparatus therefore is in operation,
the horizontal axis 32 of the gyroscope 27 is
oriented with the gun 1; that 1s, it points in
the same direction the gun should point after
‘certain well-known corrections have been in-
troduced at the target turret transmitter 19.
This is done through the means just described.
The next step is to move the arm 45 about its
axis 44’ to the desired eclevation or range.
This is done by the attendant in the plotting
room, who rotates the handle 66 until the
pointer 67 coincides with the said elevation
or range on the dial 68. This motion is trans-
mitted to the arm 45 through gear 62, sleeve
58, arm 59 and gear 61. o

As is well known, a gun pointed at a tar-
get is displaced with respect thereto in azi-
muth by trunnion tilt, due to the motion of

20

95

100

106

110

the ship, and in order that the gun may be -

fired at any instant it is necessary to intro-
duce a correction to compensate for this dis-

_placement in azimuth which correction must

be determined in terms of angular movement
of the turret about the axis thereof, which,
of course, usually lies perpendicular to the
angle of traverse of the gun
must be determined in the plane of the ship’s
deck. The angular correction in train, made
necessary by the tilt of the gun trunnion,
is, of course, actually equal to the projection
on a horizontal plane of the angle of eleva-

tion of the gun.. These corrections are auto- -

matically and continuously introduced by the
apparatus described. in the following man-
ner: S -

true vertical, all motions of the ship will- re-

Wiﬂl the gyroscopic pendulum holding a .

120

130
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solve themselves into motions about the car-
dan axes of the gyro; for example, movement
about pivot 82, which is trunnion tilt, will
bring contact 35 or 86 under the brush 39,
starting motor 38 in the proper direction to
restore the brush 89 to the neutral section be-
tween contacts 35 and 36, :

"~ In performing the above work, the motor

also drives the transmitter 54. It is evident
that the amount the transmitter turns is de-
pendent upon the elevation of the arm 45,
1. e., is a function of the sine of the angle of
deviation of the gun, or is equal to the angle
of traverse. of the gun resolved in the plane
of the ship. In this manner the two factors,
trunnion tilt (measured by the angle between
shaft 44” and the plane of slot 46) and gun
elevation are combined to give the correct
azimuth or train correction wanted which is
actually the deflection to the right or left of
part 47 and it is the amount of this deflection

~that is transmitted by transmitter 54.

(34
Ch

30

[
<

<40

In operation, again referring to brush 39,
it is seen that the brush-supporting mecha-
nism being virtually a part of the ship will
be displaced when the ship rolls and pitches.
Said brush is also caused to follow the con--
tact sector neutral point as motions of the
ship affect it, by its follow-up connection to
shaft 41, with only a few minutes of arc lag
existing at any time.

It will be observed that this correction is
introduced into the target turret indicator 4
and not the target turret transmitter 19, into
which the other corrections are introduced.
This is for the reason that the apparatus is
oriented from the target turret transmitter
and with the latter correction introduced,
the apparatus would not be properly orient-
ed, It is obvious that only the gyroscope 27
need be supported on a table 25 to be oriented
from the target turret transmitter to func-

_tion properly, and that the other mechanism

may be conveniently mounted elsewhere and
properly connected. :

I have provided means to render the appa-
ratus inoperative when the arm.45 is in ac
horizontal position, because in this position,
as previously indicated, there is no azimuth
correction for trunnion tilt to be transmitted,
which is accomplished by opening the cir-
cult of motor 88. A switch 69 of any suitable
type normally closed, is placed in the said

- motor circuit, and may be mounted on an ex-

55

60

tension of bracket 43 in the path of sleeve 58. -
‘When this sleeve has advanced to a position
in which the arm 45 is horizontal, the switch
69 1is opened-by said sleeve.

" As above indicated, the horizontal axis
pivoted at 32, of the gyroscope,‘is oriented
with the gun so that movement about this

‘cardan axis is a direct measure of the trun-’

nion tilt due to the motion of the ship which -
factor isintroduced into the correction device

. by the shaft 41. The other cardan axis at

,181

29, 30 is therefore paralled with the trunnion
axis, and movement about this axis is a direct
measure of the displacement of the gun in
elevation due to the motion of the ship and
is employed to indicate the varying range
correction value due to said motion of the

- ship.

As shown in Tig. 1, the gyroscope 27 is
provided with an upwardly extending pin
70 which fits into a groove 71 of an arched
member 72 pivoted in brackets 73, 74 on an
axis coincident with the gyroscope horizontal
axis pivoted at 29, 30. By this arrangement,
the gyroscope is free to tilt about its axis 82
and tilting about ‘the axis 29—30 is trans-
mitted to member 72. The bearing at one end
of the member 72 may extend through bracket
74 and have fixed thereto a pointer 75 to co-
operate with a dial 76 to indicate the angle
of tilt of the member 72. At its opposite end,
the bearing of the member 72 may extend
through the bracket 78 and have fixed thereto
an element 77, having two contacts 78, 79
separated by a strip of insulation 80. These
contacts are electrically connected to a fol-
low-up motor 81, as shown diagrammatically
in Fig. 2. Said contacts are arranged to be
engaged by a brush 81’ earried by an arm 82.
Said brush 817 is connected to the opposite
side of the electrical source for motor 81, and
the control of this motor by the tilting of
member 72 is similar to that «described above
with respect to motor 88. In this case how-
ever, the arm 82 is fixed to a gear 83 which
meshes with a gear 84 driven by the motor
81. The tilting of the member 72 is imparted

T

i

8

el

1

to a transmitter 85, through a gear 86 in mesh

with gear 83, which transmits the angle of

tilt to the firing station indicator 87 through
conductors 88, which reading is indicated by
the pointer 89. It should be understood that
more than one transmitter may be geared in
series for coarse and fine readings, 1f desired.
This correction is introduced at will into the
range indicator 12 by means of a range cor-
rection transmitter 90 located at the firing
station which may be of any standard type,
and is well known in the art.

As shown in Fig. 1, the handle 66, for put-
ting the desired elévation or range of the gear
into the corrector is fixed on a gear 91, which
meshes with a gear 92 of a transmitter 93
which transmits the elevation to the range
indicator 12 through conductors 94, 95. As
stated above, the range indicator 12 is a
standard type of instrument, but in addition,
it'is provided with a stop 96’, or other means,
so located that the pointer 14 cannot move
beyond. the maximum elevation of the gun.
There obviously would be no need for read-
ings beyond the maximum elevation in the
turret since the attendant could not elevate
the gun beyond its maximum. To fire the
gun at a greater range than its maximum

elevation requires a consideration of the roll ®

10

11

1L
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of the ship, which is done at the firing sta-

" tion. The conductors 94 are therefore con-

10

15

25

© gun is to

40

tinued to the firing station 87 as shown in
Fig. 2. The firing station is not concerned
with the elevation of the gun until its maxi-
mum elevation is reached, its function at
other times being to introduce the correction

in elevation due to the motions of the ship.
through transmitter 90 as described. The -

conductors 94 lead to a transmitter 96 at the
firing station as shown in Fig. 4. - This trans-
mitter rotates a segmental gear 97 which is
arranged to introduce noreading to the firing
station indicator 87 until the maximum ele-
vation of the gun is reached, that is, when
pointer 14 strikes stop 96” in the range indi-
cator 12. At this time, however, the seg-
mental gear 97 meshes with a gear 98 carry-
ing an index 99. It is of course understood
that the handle 66, pointer 67 and arm 45
have a movement beyond the maximum ele-

“vation obtainable at the gun.. The index

99 now indicates the range at which the gun
must be fired, which can only 'take place
when the pointer 89 and index 99 coincide.
The firing circuit comprises a suitable elec-
trical source 100, conductor 101, contact 102
on a handle 108, contact 104 on pointer 89,

conductor 105, fiting switch 106, conductor

107, -contact 108 on pointer. 14, contact 109

on pointer 13, conductor 110 to the gun, and
conductor. 111 to the source 100.

Regardless of the elevation at which the
be fired, the same conditions must
exist. The handle 103 is moved to coincide
with index 99 at the firing station, contacts
104 ‘and 102 must close the circuit, the con-
trol switch 106 must be closed, and contacts
108 and 109 at the range indicator must en-
gage, that is, the gun must have beén moved

5o elevation until the pointer 14 coincides

with index 109. ‘It is therefore clear that

" no firing can take place until the gun has

 in practice I prefer that handle 103 shall also .

65

been elevated in accordance with the turret
range indicator 12, nor until the motion of
the ship has brought the indicator pointer

89 in contact with 102 when the circuit is.

closed by switch 106. For llustrating pur-
poses, the handle -operating the transmitter
90 and handle 103 are shown separately, but

operate transmitter

90 as their positions al-
ways coincide. '

y given range setting at the tar%et range’
indicator 12 which is within the Iimits of

the gun mounting can be corrected at will

from the firing station by moyement of trans-

mitter 90 to coincide with any setting of.
lever 103. The movement of the ship.effect--
ing range and the amount of it is shown by -

pointer 89 as before described, therefore,
lever 108 can be set A
prevailing conditions will be passed over by
the pointer 89. o

In Fig. 3 is shown a modification of Fig.

1,829,181

; ! - 3. In a system of
at any point that under

1, the similar parts hafring siniilar reference
numerals.
member 47 in azimuth and transmitter 54

_from motor 388 as shown Fig. 1, the trans-

mitter 54 is rotated through gears 112, 113
from shaft 48 and the shaft 41 is directly
rotated by motor 38 through a gear 114 on
the shaft 41 adjacent the arm 40.

With this construction the transmitter
drive is by means of the arm 45, and. varies
as in the first construction with a function

B

Herein, instead of rotating the:

70

5

of the elevation set in the arm 45. When .

the arm is horizontal its axis is in line with
shaft 41 and no movement of the trans-
mitter takes place, but motor 38 need not
be rendered inoperative by a circuit breaker
because shaft 41 is still free to.rotate.

In accordance with the provisions of the
patent statutes, I have herein described the
principle of operation of my invention, to-
gether with the apparatus, which I now con-
sider to represent the best embodiment there-
of, but I desire to have it understood that the
apparatus shown is only illustrative and that
the invention can be carried out by other
means. Also, while it is designed to use the
various features and elements in the combi-

nation and relations described, some of these.

may be altered and others omitted without
interfering with the more general results out-
lined, and the invention extends to such use.

Having herein -described my invention,
what I claim and desire to secure by Letters
Patent is: - o

1. In a system of gun fire control, a target
bearing transmitter, a target indieator ‘con-

nected therewith, a universally supported.

gyroscope for maintaining the vertical,
means for maintaining the same with one of

“its axes in a constant relation to the target

bearing transmitter, means positioned accord-
ing to the angle of tilt about said gyroscope
due to motions of the ship, means positioned
in accordance with range cooperating with

"said means, and means for automatically in-

troducing a correction which is a function of
the angle of said tilt and range into the tar-
get indicator. -

2. In a system of gun fire control, a target
bearing transmitter, a target indicator con-
nected therewith, a universally supported

80

86

9t

1

gyroscope for maintaining the vertical.

oriented by the target transmitter, means
positioned according to the angle of tilt of

said gyroscope due to motions of the ship,.
means’ positioned in accordance with range

cooperating with said means, and means for

automatically introducing a

correction -

which is a function of the angle of said tilt

and range into the target indicator.

bearing transmitter, an indicator connected

therewith, a universally supported gyrosc(;pe .
or

for' maintaining the vertical, means
orienting the same from said tronsmitter to

gun fire control, a target:
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naintain one of its axes parallel with the
runnion axis of the gun, means actuated by
elative angular motion of the ship and gyro-
cope about said axis, means positioned in
cecordance with range cooperafing with said
neans, a member positioned in different
lanes by said two means and means actuated
rom sald member for introducing a correc-
ion which is the component in the plane of
he ship of the actual instantaneous angle of
raverse of the gun. ' '

4. In a system of fire control for naval
uns, a transmitter for sending the azimuth
ngle at which the gun is to be aimed, an in-
icator connected therewith located near the
un, a gyroscope automatically oriented from
1id transmitter to indicate the trunnion tilt
f the gun due to ship motions, means posi-
.oned in accordance with the range or gun
levation, a member positioned in different
lanes by said two means and means for in-

roducing . correction which is the compo-

ent of the angle of traverse of the gun in the
lane of the ship.

5. In a system of gun fire control, a target
‘ansmitter, a :target  indicator connected
lerewith, a universally supported gyro pen-
alum for maintaining the vertical, means for
easuring the trunnion tilt of the gun with
sspect to said pendulum due to’motions of
1e ship, means for orienting said pendulum
om: said transmitter, means positioned in
reordance with range cooperating with said
rst named means, and means for introducing
correction which is a function of the angle
*said tilt and range into the target indicator.
6. In a gun fire control system, means for
dicating the motion about the trunnion axis
1¢ to ship motion comprising a universally
ipported gyroscope for maintaining the ver-
cal, means for continuously orienting said
rroscope with one of its axes parallel with
- normal gun trunnion axis, and indicating
eans operating about both axes of the gyro-
ope for measuring trunnion tilt and the an-
tlar motion of the gun about the trunnion
iis due to the ship’s rolling and pitching. .
7. In a system of gun fire control, a target
ansmitter, an indicator connected there-
ith, a universally supported gyroscopic pen-
Hum for maintaining thé vertical, means
r positioning said gyroscope with one of its
‘es parallel with the trunnion axis of the
in, means actuated by said gyroscope in ac-

rdance with the trunnion tilt of the gun due

motions of the ship, means positioned in
cordance with range cooperating with said

>ans, means for transmitting to said indi-

tor from said last two means a correction,
d means for compensating said gyroscope
ainst acceleration pressures:

8. In a gun fire control system, a universal-
supported gyroscope for maintaining the
rtical, means for maintaining one of its
es parallel with the train of the gun, a fol-

low-up system responsive to tilting about said
axis comprising a motor, an element driven
thereby in one plane, a second element piv-
oted at right angles to said element adjustable
to positions corresponding to the elevation of
the gun engaging said element, the relative
position of said two elements controlling the
relation between the gyroscope and said mo-

70

-tor, and a transmitter driven by said motor

connected with a target bearing indicator. g5

9. In a gun fire control system, a univer- " -
sally supported gyroscope for maintaining
the vertical, means for maintaining one of its
axes parallel with the train of the gun, a fol-
low-up system connected with said axis hav-
ing a motor,an adjustable element positioned
at the angle of elevation of the gun arranged
to form a variable connecting link between the
gyroscope and the motor according to-the ele-
vation of the gun, and a transmitter driven
by said motor for indicating at a remote
point an angular correction.

10. In a'gun fire control system, a univer:

80
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- sally supported . gyroscope for maintaining

the vertical, means for automatically main-
taining one of its axes parallel with the train
-of the gun, a follow-up system connected
with said axis having a motor, an adjustable
element positioned at the angle of elevation of
the gun arranged to form a variable connect- »%
ing link between the gyroscope and the mo-
tor according to the elevation of the gun, and
a transmitter driven by said motor for indi-
gatmg at a remote point an angular correc-
10m. '
"11. In a gun fire control system, a uni-.
versally supported gyroscope for maintain- -
ing a horizontal reference plane, means for
maintaining one of its axes parallel’ with
the train of the gun, a follow-up system con-
trolled by said axis, means for adjusting
sald system for the gun elevation, and indi-
cating means connected with said system.

12. In a gun fire control system, a uni-«
versally supported gyroscope for maintain- pyo
ing a reference plane, means for automatical-
ly maintaining one of its axes parallel with
the train of the gun, a follow-up system con-
trolled by said axis, means for adjusting
said system for the gun elevation, and in- 335
dicating meang actuated by the ship’s mo-
tions as modified by said adjusting means.

13. In a system of gun fire control, a target
transmitter. a target indicator, a universally
supported-gyroscope for maintaining a ref- a9
erence plane, means for maintaining one of

99
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its axes parallel with the train of the gun

controlled by said transmitter, a follow-up
system controlled by said axis, means for ad-
justing said system for range, and means 195
connected with said system for introducing
a correction which is a function of the angle
of tilt about said axis and range into said
indiecator. '

14. In a system of gun fire control, a target 130
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bearing transmitter, a target bearing indi-
cator, a universally supported gyroscope for
maintaining the vertical, means for maintain-
ing one of its axes parallel with the train

of the gun controlled by said transmitter,

a follow-up system controlled by said axis,
means for adjusting said system for range,
and means connected with said system for
introducing a correction which is a function
of the angle of tilt about said axis and range
into said indicator, : o

15. In a system of gun fire control, a target

transmitter, a target indicator, a universally -

supported gyroscopic pendulum, means for
maintaining one of its axes parallel with the
train of the gun controlled by said trans-
mitter, a follow-up system controlled by said
axis, means for adjusting said system for
range, and means connected with.said sys-
tem for introducing a correction which is

.a function of the angle of tilt about said axis -

and range into said indicator. ,
16. In a system of gun fire control, a target

transmitter, a target indicator, a universally.

supported gyroscope for maintaining the ver-
tical, means for maintaining one of its axes
parallel with the train of the gun controlled
by said transmitter, a follow-up system con-
trolled by said axis, means for adjusting said
system for range, and medns connected with
said system for introducing a correction
which 1s a function of the angle of tilt about

- said axis and range into said indicator.
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17. In a gun fire control system, a univer-
sally supported gyroscope for maintaining

the vertical, means for maintaining one of-

its axes parallel with the train of the gun,
a follow-up system connected with said axis
having a motor, an adjustable element posi-
tioned at the angle of elevation of the gun
arranged to form a variable connecting link
between the gyroscope and the motor accord-
ing to the elevation of the gun, and means
connected with said system for introducing
a correction which is a function of the angle
of tilt about said axis and given elevation into
a target indicator. o ‘
18. In a system of gun fire control, a target
bearing transmitter, a target bearing indi-

‘cator connected therewith, and means for in-
‘troducing azimuth correction into said indi-
‘cator due to gun trunnion tilt resulting from

motions of the ship comprising a universally

- supported gyro pendulum for maintaining

o

‘the vertical, means for orienting said pen-
‘dulum with one-of its axes parallel with the
training of the gun, electrical contacts car-
‘ried by said axis, a follow-up motor electri--

cally connected with: said contacts, a vertical

‘element driven by said motor, a second éle-

ment positioned at the angle of elevation of
the gun engaging the vertical element, means
supporting said second element having a
brush engaging said contacts constituting
a follow-up for said motor and a transmitter

7

connected with said motor for sending the
angle of rotation of said vertical element to
the target indicator. '

19. In a system of gun fire control, a target
bearing transmitter, a target bearing indi-
cator connected thereto, and means for in-
troducing azimuth correction into said indi-

cator due to gun trunnion tilt comprising ap-

paratus as specified in claim 18, in combina-

“tion with means for positioning said second

element in accordance with the elevation of
the gun. : -
20. In a gun fire control
indicating the trunnion tilt of the gun due
to ship motion comprising a universally sup-
ported gyroscopé for maintaining the ver-
tical, means for continuously orienting said
gyroscope with one of its axes parallel with
the train of the gun, a follow-up system con-
trolled by said axis comprising a follow-up
motor, adjustable. means intermediate said
motor and said gyroscope for varying their
relation and means for positioning said. ad-
justable means at predetermined points for
the different elevations of.the gun. = .
'21.. In asystem of gun fire control, a struc-
ture as specified in claim 20 in combination

with a target bearing transmitter for con-

tinuously orienting the gyroscope as de-

scribed, a target bearing indicator connected -

70
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system, means for. .

60

with-said transmitter, and means connected

with the follow-up system of said structure

-for automatically introducing a correction
which is a function of the angle of trunnion.

tilt and gun elevation into said transmitter.

- 22, In a gun fire control system for naval .

guns, the combination comprising a target
bearing transmitter, a target bearing indi-
cator connected thierewith, a range indicator,

‘a firing station, a universally supported gyro-

scope for maintaining the vertical, means for
continuously . orienting said gyroscope with
one ‘of its axes parallel with the train of the
gun and its other axis parallel with the trun-

nion axis, means for introdycing the angle .

of trunnion tilt into the target bearing indi-

cator comprising a follow-up system con-

nected with said first mentioned gyroscope
axis having an-adjustable element arranged
to change the relation of the follow-up sys-

tem with respect to the gyroscope, means for -

positioning said .adjustable element accord-
ing to the elevation of the gun, a transmitter

connected with said system leading to the -

target bearing indicator, means for indicat-
ing the angle of motion ‘about the trunnion

axis of the gun comprising a follow-up sys--
Toscope axis,

tem connected with the latter
and a transmitter connected therewith lead-
ing to the firing station indicator.

23. In a gun fire control system, means for
indicating the motion about the trunnion axis
due to ship motion comprising a universally

supported gyroscope for: maintaining the -

vertical, means for continuously orienting
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said gyroscope with one of its axes parallel
with the normal gun trunnion axis, and in-
dicating means operating about an axis of
the gyroscope. '

24. In a gun fire control system, the com-
bination with a gun and a sighting device,
of a firing station located at a distance from
said s'ghting device and gun, a range indi-
cator, means for indicating the angle of
motion about the trunnion axis of the gun
due to ship motion located at the firing sta-
tion, and means located at the firing station
for introducing the said angle of motion into
the range indicator. :

25. In a gun fire control system, the com-
bination with a gun and a sighting device,
of a firing station located at a distance from
said sighting device and gun, a range indi-
cator, means for indicating the angle of
motion about the trunnion axis of the gun
due to ship motion located at the firing sta-
tion, and means located at the firing station
for introducing the said angle of motion or
fractions thereof into the turret range indi-
cator. :

26. In a gun fire control system, a range
‘ndicator, a firing station having a range
indicator, means for simultaneously .trans-
mitting the range to both of said indicators,
means for rendering the range indicator in-
operative when the transmitted range exceeds
the maximum elevation of the gun, and means
rendering the firing station range. indicator
operative only when the transmitted range
exceeds the maximum elevation of the gun.

27. In a gun fire control system, a range
indicator, a firing station range indicator,
means for transmitting ranges to both indi-
cators, means automatically limiting the indi-

' cations of the range indicator to the maxi-

mum elevation of the gun and means auto-
matically rendering the firing station range
indicator inoperative when the range indi-

_ cator is operative.

’

~—

[

b

28. In a gun fire control system, a firing
station having means for indicating the angle
of motion about the trunnion axis of the gun
due to ship motion, and means for indicating
the range of the gun when it exceeds the

maximum elevating angle of the gun about .

its trunnion axis.

29. In a gun fire control system, the com- -

b:nation comprising a turret range indicator,
a firing station range indicator, means for
simultaneously transmitting ranges to both
indicators, means automatically limiting the

turret range indicator to the maximum: ele-.

vating angle of the gun, means for indicating
at the firing station indicator the angle of
motion about the gun trunnion axis due to
motion of the ship, and means for automati-
cally limiting the range indications at the
firing station to ranges beyond the maximum

. elevating angle of the gun.

30. In a oun fire control system, a turret

-
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range indicator, a firing station indicator,
means for compensating the same for trun-
nion tilt of the gun due to rolling and pitch-

ing of the ship and a firing circuit compris- -

ing a switch controlled by the position of the
turret range indicator and a switch controlled
by the firing station indicator. .

31. In a gun fire control system, a turret
range indicator having two elements to indi-
cate the transmitted range and position of
the gun respectively, contacts carried by said
elements to form an electrical switch, a firing
station indicator having a pointer to indicate
the angle of motion about the gun trunnion
axis due to ship motion carrying a contact
and a movable member positionable to the
range also carrying a contact, said latter two
contacts forming an electrical switch, and a
firing circuit controlled by said two switches
and a firing switch. ' .

32. In a gun fire control system for ships,
a correction mechanism for errors due to roll-
ing and pitching, comprising 2 member nor-
mally positioned in line with the target and
pivoted about an axis perpendicular to the
ship, a second member pivoted about an axis
in Line with the target and about a horizontal
axis at right angles to said second axis, all of
said axes intersecting at-a common point,

‘means for positioning said second member

about said third axis at an angle equal to the
gun elevation, a slidable connection between
said members about said common point as a
center, and means for positioning said first
member about said perpendicular axis so as
to maintain said third axis of said second
member horizontal.

33. In a gun fire control system for ships,
a correction mechanism for errors due- to
rolling and pitching, comprising a member
normally positioned in line with the target
and pivoted about an axis perpendicular to
the ship, a second member pivoted about an
axis in line with the target, and about a hori-
zontal axis at right angles to said second axis,
all of said axes intersecting at a common
point, means for maintaining the horizontal-
ity of said third axis, means for positioning
said second member about said third axis at
an angle to the gun elevation, and a slid-
able connection between said members abhout
said common point as a center, whereby said
first member is rotated through an angle,
‘equal to the error due to said rolling and

‘pitching.

" 84. Ina gun fire control system for ships,
a correction mechanism for errors due to
rolling and pitching, comprising a member
mounted for turning about a longitudinal
axis and for turning about a horizontal axis’
perpendicular to said first named axis, means
for positioning said member.ahout said last
named axis at the angle of gun elevation,
means for maintaining said first named axis
in line with the target, means for mechani-
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cally resolving the relative angular move-
ment of the ship and said member into a com-
ponent which is in the plane of the ship’s
deck, and means for transmitting the re-
solved movement to the guns.

35. In a system of gun fire control, a target
transmitter, a target indicator connected

“therewith, a gyroscope for maintaining the
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vertical oriented with the gun, means posi-
tioned according to the angle of tilt about
said gyroscope due to motions of the ship,
means positioned in accordance with range
cooperating with said means, means con-
trolled thereby for correcting the train of the

gun for errors due to trunnion tilt, and means

also controlled by said gyroscope for cor-
recting the gun elevation.

36. In a gun fire control system, means for
indicating the motion about the trunnion axis
due to ship motion comprising a universally
supported gyroscope for maintaining the ver-
tical, means for continuously orienting said
gyroscope to maintain one of its axes par-
allel with the normal gun trunnion axis, and
means operating about said last named axis
for correcting the gun elevation. :

" 87. In a gun fire control system, means for

indicating the motion about the trunnion axis

due to ship motion comprising a universally
supported gyroscope for maintaining the ver-
tical, means for continuously orienting said
gyroscope to maintain one of its axes par-
allel with the normal gun trunnion axis,
means operating about said last named axis
for correcting the gun elevation, and means

_operating about the horizontal axis of the

gyroscope -perpendicular to said other axis
for correcting the train of the gun. :

38. The combination with a sight and a
gun, of a trunnion tilt correction device com-
prising & member mounted for rotation about
a vertical axis and for oscillation about mutu-

ally perpendicular horizontal axes, a trans-

mitter operated by said sight, a repeater mo-
tor connected to said member to orient the
same with the sight so as to maintain one of
the aforesaid horizontal axes of support in
line with the trunnion axis of the gun, a
gyroscopic stabilizing means on said member,
a pilot gun mounted for adjustment about
horizontal axes on said member, automatic
means for stabilizing the trunnion axis there-
of from said stabilizing means, means for set-
ting said pilot gun in elevation in accordance
with the range angle, and a non-stabilized
member mounted for free turning about a
vertical axis on said first-named member and
cooperating . with said pilot:gun whereby a
train correction is imparted to said member
on rolling of the ship, and medns for trans-
mitting said correction to the gun.

39. A system of gun fire control compris-
ing a combination with a sighting device and
a gun mounted on a common moving support
and each adjustable in elevation and. train

9

planes, a coacting correction device and pilot
gun mounted on said support, the former
being adjustable in train and the latter ad-
justable in elevation and train, automatic
means actuated from said sight for main-
taining the vertical plane of the pilot gun
parallel to the sighting device, means for
giving said pilot gun an elevation adjust-
ment, automatic stabilizing means for main-
taining the pilot gun in the vertical plane
passing through the line of sight regardless
of the oscillatory motions of the support
whereby a train correction is imparted to
said correction device, and means for trans-
mitting such correction to the gun.

40.

n unstable platform, a sight rotatable
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on said platform about an axis perpendicular

thereto, a support rotatable on said platform
about another axis perpendicular thereto, a
stabilizing pendulum rotatable on said sup-
port about mutually perpendicular axes, one
of which is parallel to said platform, and
means connecting the sight to said support to
rotate the support in synchronism with the
sight and maintain the pendulum with one of
its said axes parallel to a vertical plane con-
taining the line of sight of the sight.

41. A gun, a mount on which the gun is
adjustable about a set of axes varying in
angular position with variations in the angu-
lar position of said mount, and means, setta-
ble with reference to a fixed:- set of planes
to control the adjustments of the gun about
at least one of said axes, for automatically
generating corrections in the movements of
the gun about said axis in its various posi-
tions. K

42. A gun, a mount therefor on which the
gun is adjustable about elevation and train
axes which vary in angular position with
variations in the angular position of said
mount, and means, settable with reference to
a vertical and a horizontal plane to control

the movements of the gun about said train .

axis, for automatically generating correc-
tions in the movements of the gun about said
axis in its various positions.

43. A gun, an angularly movable mount on
which the gun is adjustable about a set of rel-

atively fixed mutually perpendicular axes

which vary in angular position with varia-

‘tions in the angular position of said mount,

and means, adapted to have corrections ap-

“plied thereto with reference to horizontal and

vertical planes, for automatically generating,
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from said applied corrections, corrections m

the movements of the gun about at least one
of said axes, and for subsequently varying
said generated corrections to compensate the
movements of the gun about said last named
axis for changes in the angular position of
the axes due to angular movements of said
mount.

44. A movable support, a sighting device
and a gun, each rotatable on said support
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about elevation and train axes, and means
adapted to have corrections applied thereto
with reference to vertical -and horizontal
planes and operated by and in accordance
with the movements of said sighting device,
for automatically generating corrections in
the movements of the gun about said train
axis and subsequently varying said generated
corrections upon changes in the angular po-
sition of said axes due to movement of the
support. .

45. A movable support, a gun adjustable
on said support about elevation and train
axes varying in angular position with varia-
tions in the angular position of said support,
and means, settable with reference to vertical
and horizontal planes, to correct the move-
ments of the gun about said train axis, and
for automatically generating the set cor-
rections in terms of movements of the gun
about said axis in its various positions, and
for subsequently varying said generated cor-
rections in response to and in proportion to
changes in the angular position of said axes
due to movement of said support.

In testimony whereof I have affixed my
signature. ‘ :

MORTIMER F. BATES.




