Dec. 28, 1948. 'F. W. CUNNINGHAM 2,457,532
GUN CONTROL GOMPENSATING MEGHANISM
Filed June 20, 1945

INVENTOR:
FIG.2. FREDERICK W. CUNNINGHAM

BY .
y
f : H/5%ATTORNEY5.



Patented Dec. 28, 1948 SRl

2,457,532

UNITED STATES "PATENT OFFICE

2,457,532

GUN CONTROL COMPENSATING
"MECHANISM

- e

y k W Cunmngham, Stamford Conn., as-
or to AFma Corporation, Brooklyn, N. Y., a

“"éorporation of New York _
“Application June 20, 1945; Sépial No. 600597

" 2 Claims,
|
This mventlon Telates ‘to gun control mech-
- anism, and has partictlar reference to mechamsm
. for -correcting ‘the-'movement; -of- guns, although
“-theinvention is not limited-to that use. . .
~“Guns 'of ‘the ‘class’ having--the' nut and screw
tYpe of elevating mechanism, which includes many
- -guns of such-large-size-and weight as to require
i i§, have @ non-linear-elevation: chalacterlstlc due
~to the change-in:the -effective crank arm Wlth
--change of the elevation-angle-and the accompany-
* ing distortion of the gear drive.  As the result, the
= gun elevating -motor linearly follows the elevatlon
~of a difector or-caleulator dummy gun; for ex-
“-ample, hut the gun itself-does not; and conse-
quently sericus-errors-in gun elevation occur.
~In--accordance with ‘the' present invention, a
~'correcting mechanism-is-provided -for automati-
cally compensating for the'change- in the effective
crank arm and accompanying gear drive distor-
‘tion- ‘of -the -nut’ and’ screw type of elevating
mechanism, so_that ‘rhe desired linear elevation
characteristics of the gun‘are ob‘camed and accu-
- rate elevation angle-follow-up results.
The preferred embodiment-of the invention in-

cludes a cam shaped to correct the non-linear:
error and actuated in dceotddrice with the eleva-

tion' movements of the gun for correspondingly
& adJusting the angular relation between thé stator
and the ‘vYotor of an elévation® angle’ sighal-re-
ce1V1ng ‘control transformier,’
“rotor secondary winding vol‘tages are amplified
and impressed on-the gun elevating motor, which
Jdrives the gun' thz'ough uhe o'per transmitted
“elevation® angle*and-then-d erglzes 1tself by

rotating the ‘transformer rotor ‘td' Ronlinductive: 3

or “null” position.

It will be seen that the operation characteristic
of a nut and screw type gun elevation mechanism
is rendered linear and therefore accurate in a
simple and reliable manner with the control cor-
recting mechanism of this invention, further de-
tails of which will be apparent upon examination
of the accompanying drawings, in which:

Figure 1 is a perspective view of a gun provided
with a corrected nut and screw type elevating
mechanism in accordance with the present inven-
tion; and

Fig. 2 is a schematic and wiring diagrara of the
control mechanism thereof.

Referring to Fig. 1 of the drawings, numeral {8
designates a gun mounted for angular motion in
elevation about trunnions I{ on a mount (2 sup-
ported on the deck of a ship, for example, Gun
I8 is elevated by the common nut and screw

" mechanism, including the screw {3 non-rotatably

‘whose *“coriécted -

(CL'89-—41) o
-2

plvoted a’c its- upper end on the baurel of the gun

10~ and passing through-a nut (4, Nut. |4 is

rotatablymounted on & thrust bea,rmg {5 carried
by a yoke. 16 pivoted on the mount (2 for. oscﬂla-

5 ‘tion about the axis‘of dnve bevel t gear IT meshmg
~with bevel gear l4’ on nut 4, Elevation drive
~Dbevel gear 1T, is mounted on: elevatlon shaft i8
<journalled-on the mount 2 and driven »by eleva-
--tion-motor 25 -through-spur, bearmg l‘9 as shown
~Referring- partlcularly to Fig.- 2, the elevatlon
--angle-signal from the chrector or calculator isim-

< pressed-- on* termmals 20 -and, supphed through
~flexible-leads: 2F to- the ;hr e-'phase wmdmgs 22
-of - the sta’cor 27 of a’ self-synchronous control
15- transformer -or recewer $0°2s te produce a rotat-
-Ing-field’ -therein,’ as’is well known Located

* within- this - ﬁeld is the smgle ‘winding rotor’ 23

~whose*induced’ current is a;mphﬁed in a conven-

" tional- electromc ampllﬁel 24 wh h feeds _Bun
20 elevating motor 25 connected by _gears. {9;:shaft
-8 and bevel gears IT and M’ to elevating nut i2

* which-accordingly advances or retracts screw- 13

“toraise‘orlower gunl0in elevamon :

The gun eleyatiort-shaf, l8 50! drwen by motor
25 25, is connected to rotor 23 and by shaftmg 26

“to & -cam 28 whose follower '29-is held irr-contact

“therewith by spring 30, -As follower 28 is actuated

by “cam 28-it:’advances or refracts;a rack 31 to

*'rotate  pinton~32; whichis ‘¢onnected by gearing

0 83-to"the stator 2¥-of the controt transforiner so
“that -the angular relation~beétween--the stator
“winding' 22-and’ ‘rofor- ‘winding 23-is adjusted.
*The adjustment of stator 27-is such as-to correct
“the' rion-réetilinear charaétenstlcs of the dut-and
5sdrew 'elevating miechandsm, 4id cam 28 is-shaped
accordingly.

In the preferred embodiment shown in Fig. 1,
the cam 28 is mounted directly on the shaft 84
carrying the rotor winding 23 and this shaft is
connected by worm and wheel combination 35,
shaft 36 and bevel gears-37 fo elevation shait I8,
so that the cam 28 is actuated directly in accord-
ance with the movements of gun {0 in elevation.

In operation of the nut and screw gun elevating

5 mechanism shown in Fig. 1, elevation of the gun
{0 causes screw 13 to swing counter-clockwise,
which in turn causes yoke {6 to swing in the same
direction about the axis of elevation shaft {8, thus
changing the relation between the motion of
elevation shaft 18 and the motion of gun 18. The
same but reverse incorrect movement results
when the gun {8 is depressed. The exact amount
of Incorrection can be readily determined for
every degree of elevation of the gun 10 and these
incorrections plotted to serve as a basis for laying
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out the contour of cam 28. Although cam 28 is
rotated angularly in step with the angular move-
ment of the gun 10, the cam rotates slightly less
than one complete revolution during the full
elevation and depression movement range of the

un.

As cam  28.rotates, its follower 29 displaces
rack 3!, which, through meshing pinion 32 and
gears 33, rotates stator 21 of the receiver or con-
trol transformer to accordingly distort the sig-
nal impressed on winding 22, so that the motor-
driving. voltage induced in rotor 23 causes the
motor 25 to elevate gun {0 more or less in the
prescribed correction range than the original sig-
nal required, thus compensating for the non-
linear gun elevation characteristic of the nut
and screw mechanism i3, (4. .This greater or
less elevation rotation of elevator motor 25 is
directly dependent upon the angle through which
rotor coil 28 is driven by motor 25 the non-in-
ductive null or motor = deenergizing position.
Thus if stator 21 is rotated by cam 28 in one
direction, rotor coil 23 must be driven through
a greater angle to null position, and vice versa.

Tt will be understood that the invention is also
applicable to other driving mechanisms where
the driven member is to follow a course or have
a movement different than that dictated by the
construction of the intervening gearing or other
driving mechanism, and that cam 28 may be
shaped to introduce other corrections simultane-
ously with or in addition to the aforementioned
elevation corrections; such as corrections for gun
erosion, parallax, and the like. Such corrections
may be introduced by - the present mechanism,
even where the gun elevation mechanism has
‘linear characteristics as in the case of a gear
sector on-the gun having its pitch center about
the trunnion axes and driven by a pinion.

Although a preferred embodiment.-of the in-
vention has been illustrated and described here-
in, the invention is not limited thereby, but is
susceptible of changes in form and detail within
the scope of the appended claims.

I claim: ’ :

1. In combination with a motor~driven nut
and screw mechanism for driving a ‘member
about a pivot, means for correcting the inherent
non-linear characteristics of said mechanism in-
cluding a cam having a contour conforming to
the difference between the inherent non-linear
drive pattern of said mechanism and the desired
linear pattern, driving connections between said
mechanism and said cam, a control transformer
having a rotatable rotor and a rotatable stator,
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a source of signal voltage for energizing said
mechanism, electrical connections between said
source and said stator, electrical connections he-
tween said rotor and said motor, driving connec--
tions between said motor and said rotor for ro-
tating the latter to non-inductive angular rela-
tion with said stator, and driving connections
between said cam and said stator for rotating
the latter to thereby change the angle through
which the rotor is driven by said motor for ac-
cordingly correcting the movement of said
member,

2. Tn combination with a motor-driven nut
and screw mechanism for elevating a gun, means

for correcting the inherent non-linear charac-

teristics 'of said mechanism .including a cam
having &’ contour conforming to the difference
between the inherent non-linear drive pattern
of said mechanism and the desired linear pat-
tern, driving connections between said moter and
said cam, a control transformer having a ro-
tatable rotor and a rotatable stator, a source of
varying elevation angle signal voltage  for en-
ergizing said mechanism, electrical connections
between said source and said stator, electrical
connections between said rotor and said motor
for energizing said motor in accordance with the
signal voltage induced in said rotor; an ampli-
fier in said connections between said rotor and
said motor, driving connections between said
motor and said rotor for rotating the latter to
non-inductive angular relation with said stator,
and driving connections between said cam and
said stator for rotating the latter to thereby
change the angle through which the rotor is
driven by said motor for accordingly correcting
the movement of said gun to conform to the ele-
vation angle signal. ’

FREDERICK W. CUNNINGHAM.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS
Number Name Date
1,684,132 Hewlett et al. . __ Sept. 11, 1928
1,684,138 Nixdorf oo Sept. 11, 1928
2,336,994 MacKay oo Dec. 14, 1933
2,412,356 Roberts et al. ._____ Dec. 10, 1946

OTHER REFERENCES

U. s. Navy Synchros-Ordnance Pamphlet No.
1303, December 15, 194_4, page 114.




