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’\Iy invention relmtes to . gun: mountmfrs and

‘move particularly:to nnplovements in- the.
same for eliminafing the deflection produced
mthe trajectory of the shell by a tilt of the.
5 gum trunniens from the horizontal..
© o the eslevamon of the gun-is. cons1derable and;
the:gun iy provided: only with an elevation
-and :a trainingtrinnion axes; 2. very-small

_tilt .of the fonner involves very. great adjust-:
10 nients in training to .correct the ideflection of  disk

the trajectory produced by the tilt: - For ex-:

ample; when the gun is firing el'tlca,lly tip-

wards a tilt of the gun trunnions of ofily one-

minute of arc requires a 90° ad}ustment in ties

15 training teo correct the deflection.

Tt has been Pproposed .in’ the- case of guns
1equ1red to fire at-high’ elevations, such as:
anti-nircraft guns, to mount -them .upon .a.
system of hovizontal gimbals, but the design.

20 of guchia: mauntlno" has many pala;ctlcal objec-
tions, oneof the chlef of which dis that the
horizontal gimbal trunnion at right angles.
‘to the elemtwn trannion interferes with t,he
“use-of-the gan at low elevations. . This hori-:

25 zowtal st bal trunnion at right angles:to the . - Eart

elevatmn axis igy however the ‘ideal: cross.
“levelling: trunnion- axis and miy. ‘present in-:
vention is intended to reproducé.asifaraspos-
sibleithe: effect and the advantages of having

troduced by an actual trunnion.

JA gun-mounting made according. to STy

present invention: has a conyentional pedestal
or turret mounted: upon atraining axis-which
5. is normally Vertical: - Tt has also the conven:

e
S/

tional gun-ct adle mounted on the spedestal,or ai

turrel -of” a Forizoital=tiunnion axis which:
rests on plummer blocks, but.instead of fix-
ing these blocks conventionally toithe: pedestal

40 I ﬁx them-to a-gecond.cradle,orframe which -

s ipivotally motnted on ithe pedestal upon a:
‘cross levelling trunnion axis at right:angles”
‘to the -elevation trunnionssbut: cons1derab]y
inclined to:the hovizontal.  This inclination
will probably ‘differ in different :designs but:
may convemently lie between 30 and 160: de-:

v glees. - ¢
“Ifita mechanmal @ear to eontrol therdis-
- placements of the gun about this tross levél-: -
- ling trunnion axis and Flink'this mechanism =
“to Lh’ Pedestal'or turrettraining igear, so: that-
“every. dlspl‘tcement of the gun: about ‘thein.

4

"o

b

E-)

- clined ¢ross levelhng trunmon ‘isBecom- ¢

pamed by a”definiite corresponding
<88 ment in training, the relation’ betivden ithese:
two dlsplacements bemg arr anved so- ﬂhat the
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- TesH anjb mmement o:f the levatmn trun
njons;of the-gun takes place about-an. Admag;
DALY Eross. leve,lhnc trunnion. axis Wthh 19 0
accurfftely or approximately ab right angles 6o -

When to both the elevation and training axes-o the

tion the conchtmn tohe fulfilled i3 tha “the-
,ta.ncrent of the anfrle of chsplacement in-trains <
ing sha.u By

jo,u;t,‘a,md I may'uwe éne

tial ;gear or its. equlvalen
erated' mountings-I prefarably: place the dif-- -
 ferential gear or: its eguivalent in t;he ,rela,y
mechanism controllmg the: tmmmd
-Tn the:
trated: a aapphcaqu of my-1nve b
naval A. ‘A gun ‘as the need for a continuou:
correction is: best exemplified-in stch’ a cas
on - accoun Jof the’ continuos. rolhng ands
itching )
sumedithat the invention. is not, apphcable
laﬂd omnance

For aceuracy iin-the tuumng QG-

ear tos the tangent !
t. abou,t B ‘e;mclmed qro l

my-invention-e
the two: chsplacemenus together, '
for a ech apical reasons to but tl

noction hetween two high-speed spindles an,
in. the interests of mechanical simp
employ.a-gear which- departs sl,lcrhtly

curaey by ‘ﬁxilng dhe ratig etwee‘n)f,he

ste,ad oi hhe ratio ‘b

he apploxnna,tlon ]ust

Ieierred to, the crosslevelhnv correction:here-:
IR [cleser)JLbed mmoduees sma.ll errors” bothra'

v eleva;tmm 8 d:

" 30 such an axis without the dlsadvantages in--isi )

ling mechanism- nierge in{
.t.nce corregted. by the: '

nd.in: -POWer-op-

accompanying: dy awings,l h‘ave 1],lus 105

‘ofsthe ship. * But'it mist not be as-,

On land the need for a cr




2

o

10

levelling correction: arises from ine jualities
& om- 1neq s
and the correction is fixed-so0 -

of the ground 7 v
long as the gun is stationary.. But. with the
introduction of mobile A. A. -guns’ adapted

to fire on the move and guns of -various
calibres mounted on:tanks, armoured cars.
ete., the need for a c'Qntmuous..and exact cor-

rection is now being experienced on land as
well as at ‘sea and:my invention 1s equally
applicable to both cases,

modifications which will be explained after-
Cwardss T o T
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- turntable from béing lifted under the-forces"

of the gun’s recoil. I e
© 1 “From the turntable is carried a platform 8
at o distance below the gun. trunnions con-
venient for the gun crew to serve-the gun.’
secured an inclined socket
forked frame: .

30

- bracket 9'in which is pivoted a
10 provided with-bearings for the elevation -

2]
=

40

50

60

10
shaft 14- by friction plates in the customary-
‘manner to prevent the elevation control gear
. from: shocks -or:from a sudden stoppage or
~reversal of the handwheel 19.- - - =
- At the end ‘of the pivot of the fork 10 is:
motnted a:wormwheel 21 in ‘which engagesa -
worm 21%on a shaft 22 carrying a hiandwheel -
'93." ‘The wormwheel 21 may -be secured to-

g 1“—'showslﬁ side ,éleva’éidn,, partlya in

section, of a gun mounting constructed in:ae-

cordance with my invention.

- Tig. 2is'a plan view of the same mounting. -
- - InFig:1aturntable 1'is shown supported on-

balls 2, carried on & ball-race3 secured to the

declc'4. ‘A centre, pivot 5 locates the training:
axis of the mounting and ismade hollow for
convenience in: introducing the various elec--
trical cables'to-the mounting from-the diree="

“fire control apparatus. -

tor sight 'or other

A training rack 6. is secuted to the: deck:
and clips 7- carried by-the turntable engage:

with the lower side of the rack to prevent the

To this platform is

¢{runnions 10® of the gun-cradledl.~~. = -
A toothed segmental rack 12 is attached to

the gun cradle and gears: with an ‘elevating
pinion 13ona

is‘carried in bearings in ,
The wormiwheel 15 may be secured to-the

the pivot of the fork 10 by-friction plates to

protect the tross levelling gear. from shocks
‘due to recoil or imertia. . it el
A training pinion 24 carried by a shaft 25
“in bearings on-the turntable 1 engages the
the shaft 25:is provided
at its upper end with arms 26 on which are-
‘mounted the bevel planet pinions of o difs

training rack .6, and

ferential ‘gear, these pinions ‘engaging in the
_+ usual way with-opposing bevel wheels 27 and.:

88, to'each
-numbered

of which is secured a worm wheel,
29 and 30 respectively.. ~The up-
per worm wheel 29 is. geared to a. worm 31

“levelling. adjustment
subject to certain -

-thatthe training

‘of.the two movements is very

“the pivot of
- nions of the gun.

‘separate pivot parallel

“parallel with
“gun in'a position convenient: to the observer. -

shaft 14 carried in-bearingsin-
* the arms of the fork 10. - A wormwheel 15 on:
the shaft 14 is engaged by a worm 16-on.a
~shaft 17 connected by bevel gearing 18 to.an .
_-elevating handwheel 19 on 2 shaft 20-which™
the arms of the fork-

-ated under the direction of:a

" or fire control apparatus.dials and. pointers:

- 6,
39
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'oxi»f;he cross levelling shaft 92 and the:lower
wormwheel 80°to a worm 32 on a shaft 33

whichis connected by bevel gearing toa train-

ing handwheel'35. -

" By this ‘method of connedting the Cross.

levelling gearing of the fork 10 to the train-

ing gear of the turntable 1 the lateral devia-
tion of the gun resulting from the cross--
about an inclined-trun-
nion - is ‘approximately meutralized by the
simultaneous training movement of the turn- :

‘table and cross levelling trunnion, ‘provided’
movement bears to the cross - -

Jevelling "displacement. about the -inclined

of inclination of the cross-levelling trunnion;
to-the plane n]
clination to the horizontal when the training
axis is vertical: - T»his:proportio(nal‘relation
v simply allowed.
for in the various:gears of the cross-connec-:
RO e T T L e

As a datﬁm‘df:refefénée‘rih'théhorizoﬁtai o

plane to enable the. cross Jevelling mecha-:
nism to be operated I attach a telescope 42 1o’
the fork 10 and normally hori- -
zontal and parallel ‘with the elevation trun-
Alternatively, if more con-
may be mounted on a.
el with that of the fork
10 and coupled to the fork by a parallel link-
age so as to be maintained parallel with the

clevation trunnions of the gun. Thesole re-

venient; the telescope

quirement is that the telescope must be kept B

the elevating trunnions of the .
and so as to give hima clear view of the hori-.
zon in the direction of the gun trunnions. . A
small platform 43 projecting from. the turn-
table may be provided for the observer in the
position most convenient. for him- to. operate:

70

75

“trannion a ratioequal to the sine of the angle 80 .

of the training rack, 1. e. its in- -

90

95

100,

105

the cross levelling handwheel 23 with hiseye

at the eyepiece of the telescope 42. C R

~Any suitable form of sighting apparatus
may be attached: to the gun or gun cradle or
mounting, and to enable the gun to be oper-

are fitted to: indicate the position of the.turn-
table in relation to the deck and also the -
relations.. between: the gun. and ' turntable
about’ the ‘elevation and cross levelling axes.
The ‘training :indicator 36-is driven, for ex-:,
ample, by a pinion 37 from the training rack
the elevation indicator 38 by bevel gearing
9 from-the shaft 14 and the cross levelling
indicator40 by a segmental rack 41 attached”
to the pivot of the fork 10. . .~~~ L
.For the:convenience of the:gun layer-and

_trainer seats (not shown) may be carried by

the trunnion: bracket fork 10 g0 _that these

110

controlling sight -

operators will swing with the gun when it is

cross Jevelled. = -

. Instead of the gun 5ejn_g adjusted by hand
any convenient form of power motors may be’

130



- so that the gun-can be elevated past the ver-..

e

Ie

‘1-5
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- like, a gun, a pivotal support therefor pro--
vided with- gimbal trunnions, and’ linkage

1603712

é:mp_ioyed;},md with heavy :guns- the ‘use of-

power ‘will:be-essential. = SR
~‘Preferably:thé gun: mounting-isarranged

tieal. - In Fig. 1-the.gun is.illowed . 15% of-ele-.
vation beyond the vertical. :When. extra- ele-

vation is thus providedithe “gun .is able. to
engage an- overheadrtarget, and.in- the. over- -
head zone:of-fire contained in a . cone with- .
sides inelined at 15°:to- the-vertical: axis. of
the mounting it is not necessary to use:the

training gear, the target being ‘followed by

adjusting the gun through the elevation and .

cross levelling gears alone, a separate sight
being provided for the cross levelling  oper-
ator instead of the horizon telescope 42. -
The improved gun mounting herein de-
scribed not only enables cross levelling to be
performed with comparative -ease at any
angle of gun elevation or any angle of tilt
of the gun trunnions, but it also enables the
gun to engage a target with rapidity at any
position within the range of the gun, whether
the target is on the horizon or overhead. -
It has already been stated that the hven-
tion is applicable to land ordnance; but in

_ view of the fact that on land the horizon is

not a good datum of reference, the cross
levelling. horizon telescope is unsuitable. and
could be replaced by a pendulum or level for
staticnary firing, or if firing on the move be
contemplated then the -pendulum or level
should have a long period; or better still,"a
gyroscope should be used. -~ . -

In addition to gun mountings the invention

s applicable to other mechanisms - such as
sights, searchlights, etc., which are subject’

to deflection from 'a required direction by
causes the same as, or similar to, those which

create the necessity for the cross levelling cor--.

rection of guns. In some cases the required

direction of these mechanisms may be'paral-:
lel to the gun axis, or parallel to the line of.-
sight, or it may be determined by quite dif--

ferent factors, but in all cages the ‘disturb-
ance produced by rolling of the ship at sea
or by unevenness of the ground on land is the

same and the correction 1s identical, at least in
. type. 1t is therefore evident that

] my inven-

tion is applicable to- all such types of direc-
tional mechanisms. R

I claim:— S R

" 1. The combination with a device mounted

and simultaneously operable interconnections

adapted to be actuated to effect a displace--
_ment of said device.about’an axis to which ‘the

two trunnion axes are inclined. . ‘
2. In a gimbal mounting for a gun or the

. mechanism movable in accordance with dis-

placements of the support about the-gimbal

trunnion axes thereby causing displacement

.. thesine of the angle

of:the gun.about:an axis;inelined. to both.of = .
-said-trunnion axes. o oL E
8. A gimbal mounting for a gunor the like * . -~
éompris‘ih’gapede‘stal_1_1_a‘Ving:,a.:vepticall’ﬁrai;}e R
ing:axis; a.frame carried: by said; pedestal and: P
-displaceable.about. an. oblique cross. levelling - - -

itrun- -
‘nionsiat right anglesito.both-said axes.

axis.and g gun mounted on sald frame o

4.-Agimbal mounting for a.gun or the likg
comprisinga.pedestal having a verticdl train:

ing axis, a frame carried by sa

like.

pedestal and

0" S

displaceable about. an-oblique cross levelling:-i27

axis, a. gun mounted on said frame-on trun- -
nions at right angles to both said axes, and =~ -
80 .

mechanism operable to displace said frame
about the cross levelling axis and operatively

connected with said pedestal ‘to proportion- ..
ately displace the same about the training axis " -

simultaneously

- frame about the cross levelling axis. = S
8. A cross. levelling mechanism ‘for guns. -

with any displacement ofsaid
85"

or-the: like comprising a pedestal having a °
vertical training axis, training mechanism

therefor, a frame carried by said pedestal and

mounted: .on_an oblique trunnion, operating

means for effecting cross levelling moverent

o0

of -said. frame about the axis of said: trun~ .

nion, and gearing interconnecting said operat- .
.Ing-means and training mechanism for com: .
-binihg the cross levelli

g movement with-that
‘of thetraining mechanism. .~ =~ e T
6. A cross levelling mechanism for guns or SR

95

the like comprising a pedestal having & ver-

for, a frame carried by said pedestal and

'tica,lrtra,ining axis, training mechanism there-- = -7 .
. 100

motunted. on.an. ¢bligue trunnion, operating -~

means for effecting cross levelling movement-

of said frame about the axis of said trunnion, -

and-mechanism including- differential means -
operable in response to the actuation of said
‘operating’ means' and said training mecha- R

nism to modify that of the latter. -

7. A gimbal mounting for a gun or ,thé}lﬁike’-;», T
comprising a pedestal having a vertical train- -

‘ing axis, a frame carried by said pedestal and 110 © -

displaceable about an oblique cross levelling
ax1s, a-gun mounted on said frame, and ac-"l.
tuating - mechanism operatively connected to

said-frame and pedestal and operable to. ef-

fect displacements of the gun about the train-: -
“ing and cross levelling axes at a ratio equal to -
of the cross levelling axis - -
-to.the horizontal when the trainihg axis-ig - ol
to be variously directed, of a support for the.- o o T S
device including trunnions on two- axes, .

vertical. -

. 8 A gimbal mounting for a gun or the like
comprising a-pedestal having a vertical train- -

115

120 g :‘ A

ing axis,a frame carried by said pedestal’and =7

displaceable about an oblique cross levelling o e

axis, a gun mounted on said frame, and ac.

tuating means operatively connected to said
frame and pedestal and operable to effect dis- - *

placements of the gun about the training’ and”

cross levelling axesin

' a relation in which the . & 7.
ratio-between the tangentsof the angular dis-"

130~

pla‘cemi‘e_nf}s:a\pplied to the.gun about the train- S

105 -
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7 ing and cross

1,608,712

levellihg axes is equal.to-the-
sine of the angle of inclination of the cross:
- Jevelling axis to the'horizontal when the train-

‘ing axis is vertical. e RS e
® 9. A gimbal mounting for a gun or the like

comprising a pedestal having'a vertical train-

ing axis, a frame carried by said pedestal and

displaceable about-an oblique cross levelling
axis, a gun mounted on said frame, mecha-

10 pism comprisl

ng a Hooke’s universal joint op-

eratively connected to said frame a';nd.',pedestall

and operable to effect displacementsof thegun:

about the training and cross levelling axesin.

a relation in which the ratio between the tan-

_oents of the angular displacements applied

5 - . . .
to the gun about the training and cross level-

ling axesis equal to the sine of the angle of in-
clination of the crosslevelling axis tothehori--

sontal when the training axis is vertical. =

JAMES BLACKLOCK HENDERSON.



