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RING SURGE DAMPENER -
", Lucht, Washington, D. C.

Application:March;7, 1946; Serial No. 652,754 .;
S g Claims. (CL 89—44)
" (Granted under -the ‘act of' March 3, 1883; as-

- amended April' 30, 1928; 370 O.G. 757)

_ The invention-desribed herein ' may be manu-
factured-and used by or for the Government for

governmental purposes; ‘without”the payment'to

me-of any royalty thereon. A

‘Thiy invention relates to recoil mechanisms for
guns. More particularly, the invention relatés-to
improvementsin' recoil mechsanisms of the type
in-which the recoil cylinder encloses-and is' con-
centric with- the-gun- tiube.-’ ] )

As-is well-known to*those-skilled in-the art,
the recoil mechanism-in an'-artillery -piece  is
subjected" to- forcesand shocks- of ' tremendous
magnitude: - In-the’so-called’ hydro-spring type
of-récoil mechanism a powerful-coil spring is com=
pressed by recoil action of the gun-and‘the energy
stored: therein'is utilized‘to ‘return: the: gun- tubé
to battery: It has‘been found-that springs used
In this type of recoil mechanism' sometimes fail
prematurely because‘of -uncontrolled action there-
of i compression' and' extension,: In’ ‘gddition;
the uncontrolled action of’the spring: interferes
with' smooth operation’ of ‘the ‘gun: - THis ‘defect
will' be ‘experienced in  weapons’ ih' which'the re-
coil mechanism is-separate'from'and- paralle} to
the ‘gun tube as:well"as i weapons in ‘which ‘the
recoil mechanism is disposed concentrically: with
the gun-tubei~ . " Lo ‘

As is particularly the ‘case in a:recoil' mech-
nism.of the:concentric'type, some difficulty has
been’ experienced in' restraining the: gun: tube
against.a. twisting: action’ that results: from the
torque’ developed:in-the: tube when' ttie :projec-

~tiletravels “through 'the rifled barrel;” - If’ the
ordinary: type:'of" recoil ' mechanism, : sufficient

structure is:providediin: the: form: of theé cradle

or:sleigh to accommodate: means:for:‘restraining
the gun: tuber against the aetion: resulting: from
‘this:torque. ‘In' the: case ofra: concentric recoil
mechanism;, therarrangement: is. more ‘compact
and: the. problém:of:guiding the 'gun tube and re-
straining: the:tube: againstitwisting is somewhat
more difficult:: IntHe past, ithis-problem has been
Solved:only: by ‘means: ofcadditional structure at
the breech endcof'the:weapon. The presence of
-such additional structure is not always désirablé;
Since'it increases:the ‘overall length of ‘the ‘weapon
andsrenders:more:difficult-the adaptation of the
weapon. to.use:iniaircraftor: tanks. or - other
armored :vehieles: «if iz R
1 According ‘to:the presentrinvention, means are
provided: fori:controlling .undesirable action. of
the"counterrecoil’ spring-as:the spring. is com.-
bressed: andsextended: uponrecoil “ang" counter:
recoibof:the: gui. . Thistmegn: ‘particularly ‘con=
trels« surging’ of; the spring; - “Surging” of the
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spring’ occurs upon initial rapid compression. of
the spring, and the coils at one end of the spring
become grouped and impart longitudinal forces
to adjacent coils-which likewise become grouped;
coils'so grouped impart similar forces successively
along the spring with the result -that the force
built ‘up prior to complete compression of the
sbring attains' such magnitude that a reaction
is' set' up and the forces and shocks travel to-
ward the other end of the spring and thence
back and forth from one. end of the spring to
the ‘other.” It will be appreciated that surging
oceurs so rapidly that undesirable vibration can
occur- before the spring reaches the. limit or its
compression and in many cases results in prema-
ture fatiguing or even destruction of the spring.

It is accordingly a principal object of the pres-
ent invention to provide means for damping or
otherwise controlling' the action of g spring so
that surging of the spring is eliminated or kept .
to s minimum,

It is an important object of the invention to
provide such means as 5, component for the coun-
terrecoil spring of the reeoil mechanism of an
artillery’ weapon.

Another important object of. the invention is
to provide such means in a recoil mechanism of
the type in which both.the recoil chamber and
the counterrecoil spring are concentric with.the
gun tube,

The invention has.for another object the pro-

vision of g shock-absorbing. means for the coun-
terrecoil spring ‘of s recoil.mechanism; and an-
other object. is to. combine the shock-absorbing
means with the surge-damping. means so that-op-
eration of the recoil ‘mechanism is accomplished
more smoothly and efficiently. o
It is. another object of the invention to.pro-
vide damping means-in the form of a plurality
of resilient elements:that extend longitudinally
of the spring.outside the coils thereof.
. Yet another-ohject-is to provide means on:the
gun tube and- cooperable with the resilient ele-
ment: for abserbing : the - torque imparted- to: the
gun barrelby-a projectile fired therefrom;

‘And still“ancther ‘objéct ‘of the invention. is to
provide: an improved-recoil mechanism including
second guide-means f6r restraining the gun tube
against the twisting action‘that occurs whien the
gun is fired. T
~~The foregoing and’ other:important objeets and
features of the invention may e had from’ the
following detailed ‘description and ‘aceompanying
sheets of drawings in which: ' '
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Fig. 1 is a plan view of a gun embodying a -

preferred form of the invention;

Fig. 2 is an enlarged forward or muzzleward
portion of the weapon, partly in section, and
llustrating the counterrecoil spring and asso-
ciated components;

Fig. 3 is a view of the rear or breech portion
of the weapon, the view being partly .in section
and showing the construction of the recoil cylin-
der; the views of Figs. 2 and 8 may be assembled
by placing Fig. 2 at the right-hand end of Fig. 3;

Fig. 4 is a transverse sectional view taken on’

the line 4—4 of Fig. 1;

Tig. 5 is a view taken from the breech end of
the weapon and showing one of the guide means
for absorbing torque imparted to the gun tube
by a projectile fired from the gun;

Fig. 6 is a transverse sectional view taken
stantially on the line 6—S5 of Fig, 2; ‘

TFig. 7 is a perspective view of the rear re-
taining ring for the surge~damping means;

Fig. 8 is a diagrammatic perspective view illus-

trating the manner in which the first and sec-
ond, or primary and auxiliary, guide means
function to restrain the gun tube against twist-
ing; ‘
. Fig. 9 is a fragmentary longitudinal sectional
view taken on the line 9—8 of Fig. 1 illustrating
the manner in which the counterrecoil spring
housing or sleeve is secured to theé recoil cylin-
der; and

‘Fig. 10 is an end view of the member that
serves as a guide for restraining the gun tube
against twisting as well as a means for retain-
ing one end of the counterrecoil spring.

Figure 11 is an enlarged fragmentary sectional
view showing the relationship between the buffer
piston and the cylinder, o

Figure 12 is an enlarged end, partly in section,
of the ring springs assembly. o .

Although the preferred form of the invention
has been illustrated herein in connection with
recoil mechanisth of the concentric type, it will
be appreciated that several of the features thereot
are similarly applicable to recoil mechanisms of
other types. Accordingly, the "description and
drawings should be taken as illustrative and not
limiting. . '

In the type of weapon illustrated and described
herein, the support for the gun comprises a
cylindrical housing or cradle 28 formed at an
exterior portion thereof "intermediate its ends
with a pair of oppositely extending' trunnions 21.
These trunnions adapt the gun for mounting in
aircraft, carriages, or tanks and other armored
vehicles. The cylindrical housing 28 takes the
place of the cradle assembly that characterizes
weapons of the type in whigh the gun tube and
recoil mechanism are not concentric. "As best
shown in Fig. 3, the cylindrical housing is pro-
vided at opposite ends with interior annular bear-
ings 22, at the breech or rear end, and 28, at the
muzzleward or forward end. 'The bearing 22
is threaded into the threaded rear end of ‘the
housing or cylinder 20 and is retained therein by
a retaining screw 24, The forward end of the
cylinder 20 is provided with a concentric annular
recess 28 and, adjacent this recess and concen-
tric therewith, is internally threaded as at -28.
The bearing 23 comprises a sleeve which serves as
the bearing and on which is formed an integral
annular rib or flange 21. A circumferential flange
28 is formed integral with the rib 27 and is ex-
ternally threaded to fit the internal threads 26
in the cylinder 20.

sub-
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The gun tube or.barrel of the weapon, indi-
cated by the numeral 29, is carried for recoil
and counterrecoil by the bearings 22 and 23,
The bearings 22 and 23 include fluid-tight seals
30 and 31, respectively. Thus the cylinder 20 is
adapted to contain recoil oil or other suitable Auid
in the. annular chamber. provided. between the
outer cylindrical surface of ‘the tubé ‘28 ang the
inner cylindrical surface of the cylinder, The

_bube 29 is formed intermediate its ends within
. the cylinder 20 with a conical seat 32. A recoil

piston means in the form of a ring 33 is pro-
vided with an internal conical sest complemen-
tary to the seat 82. That portion of the gun
tube forwardly of the seat 32 is preferably formed
with a series of square threads 24. An inter-
nally threaded sleeve 35 is carried on the tube

" 28 by the threaded portion 34 and has its rear-
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ward end externally threaded to engage an in-
ternally threaded portion of the recoil piston 33
as at 36. An intermediate portion of the sleeve
35 is externally threaded at 37 and carries a
buffer piston in the form of g ring 88, This ring
is provided with a plurality of, circumferentially
spaced, axially directed bores -39 (only one of
which is shown) and is held against rotating on
the sleeve 35 by -means of a lockinhg screw 40.
The forward.end of the sleeve, 35 is-externally
threaded and carries a retaining:cap 41, ‘This
cap Is held against rotation with, respect to. the
sleeve 35 by means of a:locking screw 42. That
portion of the sleeve 35 between the buffer pis-
ton 38 and cap 41 is annularly reduced and: there
is thus formed on the sleeve 35 an annular shoul-
der 43. Valve means in the form of.a ring 44 is
carried by.the sleeve 86 and is axially shiftable
between the buffer piston 38.and the cap 41,
The forward end of the valve ring 44 is: formed
with & radially inwardly directed annular flange
45, A coil spring 46 encircles. the reduced por-
tion of the sleeve 35 and is confined between the
annular shoulder. 43 on the sleeve-85 and the an-
nular flange: 45 on. the valve ring. 44; . The action
of the spring 46 is such that.the valve. ring 44 is
normally ‘maintained in the: position. shown in
Fig. 3.0 s T
The cylinder 20 is provided at its.breech end
with mounting structure 47 :including- a. rear
flange: 48 towhich is.rigidly attached. a vertical
flange 49 on a rearwardly extending guide plate
50. - As best shown in‘Figs. 5 and 8; the inner face
of the guide plate 50 is formed with a longitudinal
channel or-groove §f. The gun-tube .29 extends -
breechwardly through: the rear bearing 22 of ‘the
cylinder. 20 ‘and carries rigidly:thereon s breech
ring 52. The right-hand side:of the breech: ring
(as viewed from a position behing: the:gun) car=
ries rigidly thereon a guide.element 52, As shown
in Figs. 5 and 8, the guide:element 53 slidably en-
gages the channel §1 in therguide:plate 58... Thus;
as the gun tube. recoils  and counterrecoils, the
guiding.components 51 and 53 preverit twisting of
the gun tube in' response: to-torque: imparted
by the projectile as it travels through and leaves
the rifled tube. -0 ooierae Puoaizg s o
The recoil mechanism; of»which: the cylinder
20 .forms ‘g part, is’completed:by. counterrecoil
mechanism which is disposed .coaxially, with the
cylinder 26, or concentrically of the: gun tube 29,
and which is contained in.a second: cylinder- or
sleeve 84.  This sleeve is preferably: formed: .of
sheet metal construction and, as;shown in Figs.
2 and 9, has rigidly secured to.its:rear or breech=
ward end a mounting ring 55, the-extreme rear
end of which is reduced, and.threaded as at 56

L]
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Aniannilar:seat BT is ‘provided on the ring adja-
cent the: threaded ‘portion 56, - The sleeve 54 is
remnévably carried by the cylinder 20° and, wlien
the paits:are assenibléd, the threaded portion 56
of“the sleeve: fitls: the internally threaded portion
26"of the eylinder and the annular seat 57 fits the
annular’ internal recess 25 of the cyhnder The
sleeve B4 is:gecured against rotation with respéc

to-the: cylinider 28 by means of a locking screw

58 which' is* threaded throush a section of the
wgll of the: cyhnder 20 and’ engages a portion of
the: annular seat. 57 on the mounting ring 55 of
the'slesve: 54 (Fig- 9),

The' interior 6 the mounting ring 55 is formed

with:'a. plurality of longitudinally directed, .cir-
cumferentially ~spaced slots. 59. The  ring . is
further formed: with an iriternal integral anny-
lax:rib' 0 whichiincludes' a plurality of slois 61
coincident: with. the: slots’ 58 (Fig. 6). A retainer
ring: 627 (Fig. 7) encircles the gun tube 29 and is
positiched just: forwardly of the annular wall or
ribf 60 irthe’ mounting’ ring §5. The ring 62 is
provided with a pair of diametrically opposed
slots' '63: -and’ the- diametrically opposed other
sides. of the ring are: flattened, as at 68 (Fig. 7).
When:the parts are assembled, the slots 83 are
respectively aligned with the upper and lower
slots §9 in' the mounting ring 5% and the flat
sides' 64 lie respectively radially inwardly of the
slets' 59" at opposite sides of the mounting ring
§5: (Fig. 6). 'The body portion of .the ring 62
abuts- the radial face at the forward end of the
tube=supporting bearing 23 (Fig. 9).
A bearing sleeve 85 encircles that portion of
the ‘gun: tube 28 just forwardly of the ring 55
and carries the gun-tube for recoil and counter-
recoil, The sleeve 65 includes an external annu-~
lar radial flange-66' against the rear face of which
is'seated!'a flanged: ring 6% A -similar ring 68,
opposed” to the ring' 87, seats against the front
radial face of the ring 2. A sleeve 69 surrounds
the cylindrical ‘portions of the rings 67 and 68
and 'z plurality of ring springs 18 encircles the
sleeve §% between the radially fianged portions of
the rings 67 and: 68. : The unit' comprising the
rings 67 and: 68, the sleeve 68, and the ring
springs 10 provuies shock absorbmcr ‘means for
receiving-one end: of- a- coil - spritig: 'H the rear
énd:of the'spring seating against the raolal flange
66:on the bearing: sleeve 65:°

The' forward:-end: of the spring 11 is seated
against:a guide member 72, an annular radial
wall 13: being: formedias an integral part thereof
t&:receive or pilot: the end of the spring, The
guide T2 is' internally: splinéd (Fig: 10) and is
carried: on' an: extérnally splined portion 74 of
the gun:tube 2% (Pig:.2). The forward end of
theispline T4 onthe 'gun tubs 29 terminates in an
anitiular groove 15 fornied: in the gun tube 29. A
split ring - 16} preferably comprising two semi-
ciréulai halves is contained by the groove 15 and
is‘recessed in: the'forward end of the guide mem-
bei: 12; - That portion: of the. guide 12 that sur-
roundsthe: spht ring 1§ 1s externally threaded and
regeives- o it 17. - A-locking pin 78 secures the
nut T againgt rotation with respect to the guide
12:~'The gulde’memiber’ 12 includes at its rear=
ward end an- integral sleeve portion 79 which en-
circles: the' gunstube 29" and to which is rigidly
secmed & tubular-exténsion 80: The extension
80 ‘serves to- letam or -pilot the forward end of
the counterrecoil sprmg T4

I order that the components: of the counter-
recoil mechamsm-—-mcludmg the rings’ “§2;°67, 88;
sléeve §8¢ hearinig sleeve 65 and spring 7|-—ma,y
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be: easily - dssémbled and * disassembled, the for--
watd end: of the sleeve 58 is provided with an
externial rifig’ 84; 'This ring is rigidly secured to
thé slegve 545 -as* by: welding; and. is internally
threaded at 82, An internal nut: 83, formed as
a ring encircling a portion of the guide member
12, is‘thréaded into the thredded portion 82 of
tHe ring 81 and is held-therein against rotation by
a -lockifig ‘pin -8§4.

Thie thvedded portion: 82 of the ring 81is stib-
stantially twice as long as the thieaded portion
of tHe nut 83 Wheh the mechafism is assembled,
tHe' éompenrents of the shock-absorbing unit are
mserted first, followéd by the'spring 171 and guide
72,7 THe hut 8% is the threaded into the ririg’ 84
and tUFEES in until it engages the radial wall
Portiol T4 of the guide T2; This procedure com-
presses the spring’ 71" and moves theé guide 12 a
sufficienit distande rearwardly or the gun tube 25
dose the split Fitig groove 18, The split ring
765 then fAtted into the groove 75 and the nut 83
is: backed off to the pdsition shown in Fig. 2.
THe' ¢onipression or-load of the- spritig 11 is then
talkteti by the giin: tube 29 through the guide 72
aridithe split ¥ifig 76; The nut 17 is threaded onto
the guide 18 and is locked in place by the pin 18,
THe procedure just described is reversed when the
mechanism’ is disassenibled. In: short; in' dis-
asuembl’y the ririg: 83 is turiied in until the split
ring 16 is relieved’ of ‘the load of the spring 7t
and theé ring’ 16" {s’ subsequiently removed.

As'stated previously; it his been found that un-
controlled  suiging -of the "counterrecoil spring
interferes with the smooth and éfficient operation
of the recoil mechanism: = According to the pres-
ent®” invention: means are provided for damping
the' surging actidn of the counterrecoi]l spring 71.
In its preferred form, this megns comprises a
plurality of longitudinally running resilient
members in the forfi of leaf springs 85 spaced
circumferentially-about the interior of and rigidly
secured -fo- the-sleeve 54, as by rivets 88. These
leaf springs-extend substantially throughout the
length-of'the sleeve 84 and have their free ends
inserted-through and retained by the slots 58-in
thie mounting ring %5 In the present instance,
there are four such springs 85; The upper and
lowel springs-pass-through the periphera] slots 63
inthe: retaining ring 62 and the springs at the
right=hand-and left-hand sides of the unit pass
aldiigside the diametrically opposed flat sides 84
on the'ring'§2; The rearward half of each spring
8% is curved-inwardly and then longitudinally so
that it lies in close proximity to the outside didin-
eterof the counterrecoil spring 71. 'The relation-
ship - betWween: the spring T{ and the damper
spririgs 85:is such that frictional engagement be-
tweell: the two oceurs' when the former is com-
pressed upen'recoil of the gun tube 23. The ten-
dency of'the coils of the spring to group and im-
pait successive impulses t0 adjacent coils is re-
stiained’ becauise of the action of the damper
springs 8% In: other words, as the coils at the
forivard’ end of the spring ‘H tend to come to-
gether upon initial- compression of the spring
when the' guh tubeé recoils, the collection of forces
normally resulting: from such -action is countei~
acted by the rearward portions of the springs 83.
Whiteas; heretofore, the successively grouped
coils” Would rebotnd’ baclr and forth from-one end
of 'the spring‘to'the- other, such rebounding is now
inhibited: by' the-damper springs 8§; since, as the
continuously enlatging group of coils reaches the
rearward portions of the leaf springs-85; it is ve-
tarded ‘arid by the time the- forces resulting from
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the piled up coils at the forward end of the spring
reach the rearward end of the spring, the gun
tube has recoiled sufficiently to compress the
Spring to its maximum extent, at which point the
spring T{ is fairly well “packed” and inherently
resists surging.

Another important feature of the invention is
the cooperation between the guide member 12 and
the guide elements 51 and 53 previously described.
The guide member 72 (Fig, 10) is provided about
its periphery with four egually spaced notches or
slots 87. The notches 87 are designed to coop-
erate with the demper springs 85 and provide
complementary guide elements. The notches 87
are sufficiently deep to accommodate the inwardly
directed rearward portions of the springs 85 so
that the guiding action is secured throughout the
recoil and counterrecoil strokes.

The travel of the gun tube in recoil is substan-
tially twice as long as the length of the channel
§1 on the rear guide plate 56. Hence the guide
plate 58 will serve to prevent twisting of the gun
tube only during substantially the first half of the
recoil action, after which the guide §3 on the
breech ring 52 will escape the channel 5. How-
ever, the gun tube is still held against twisting by
means of the action of the guide 72 and damper
springs 85. In short, the guiding action of the
guide elements 50 and 54 is supplemented by the
guiding action between the guide 72 and damper
springs 88, Because of the high initial torque
developed when the projectile is fired, it is de-
sirable to include the guiding elements 50 and 51
rather than to depend on the guide 72 alone. On
the other hand, the ability of the guide 72 to
function as described permits economy in mate-
rial and space, since the length of the guide plate
58 can be substantially reduced.

Operation

When the weapon is fired and the gun tube re-
coils, the recoil piston 33 is forced rearwardly
against the resistance of recoil oil contained in
the cylinder 20. 'This oil is then forced from the
rearward side of the piston 32 to the forward side
thereof and a throttling action is effected as the
oil escapes through the spaces between the edges
of the pistons 33 and 3% and the inner cylindrical
surface of the cylinder 20, and thence through
the bores or ports 39.
the counterrecoil spring 7 is compressed. The
initial shock is absorbed by the ring springs 70
and surging of the spring 71 is prevented by
sction of the damper springs 85, as previously
described. The tendency of the gun tube to twist
as the projectile is fired is resisted by action of the
guide 53 on the breech ring 52 and channel 5{ on
the guide plate 50, As the gun tube continues to
recoil, the spring 7! is more fully compressed.
The guide 53 on the breech ring 52 will escape the
channel 5f in the guide plate 58. However, the
tendency of the tube to twist is still resisted by
the cocoperation between the guide 12 and damper
springs 8&5. As the gun tube reaches its maxi-
mum recoiled position, the counterrecoil spring 71
will be compressed to its maximum extent. The
tendency cf the spring to “pack” will be alleviated
by the ring springs 78 and there will be no violent
shock. Reaction of the counterrecoil spring Ti
will now return the gun tube to battery, during
which phase of operation the recoil oil that is now
at the front side of the piston will be forced to the
rear side thereof. 'The presence of the oil at the
front side of the chamber in the cylinder 20 will
cause the valve ring 44 to move rearwardly

When the gun tube recoils, £
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against the action of the valve spring 46 and to
close the bores or ports 89 in the buffer piston. 38,
Consequently, the gun tube 29 returns-to battery
smoothly and easily. During travel of the gun
tube in recoil, the valve ring 44 remains open,
partly by action of the valve spring 46 and partly
because of pressure of recoil oil as the oil is forced
through the bores 39 in the buffer piston 38. .

One of the more important features of the in-
vention, in addition to the structure and function
of the surge-damping means and the means for
breventing twisting of the gun tube, is the mount-
ing of the recoil piston 32 directly on the gun tube
28. In conceniric recoil mechanisms of the type
heretofore known, the recoil piston was mounted
on a sleeve which in turn was connected +to the
breech end of the gun tube. The recoil cylinder
formerly included an intermediate sleeve portion
which supported the gun tube for movement, in
recoil and counterrecoil. According to the pres-
ent invention, this expensive and additional
structure is eliminated and the entire mechanism
is simplified. :

Still another feature incidentsl to the bresent
invention is the location of the counterrecoil
spring coaxial with and outside the recoil eylinder
ZB. Inearlier types of recoil mechanisms, whether
of the concentric or ececentric type, it was cus-
tomary to house the counterrecoil spring within
the recoil cylinder. That design required a recoil
¢ increased length. According to the present
invention the length of the recoil cylinder 28 has
been shortened. The location 'of the spring .71
forwardly of the cylinder 28 does not undesirably
inerease the dimensions of the weapon, since the
portion of the tube encircled by the spring 71
otherwise has no particular function in connec-
tion with operation of the recoil mechanism.

Other features of perhaps lesser importance will
be apparent to those skilled in the art. It will be
understood, of course, that the form of the in-
vention illustrated and deseribed herein is g pre-
ferred embodiment and that numerous modifica-
tions and alteraticns may be made therein without
departing from the spirit and scope of the inven-
tion as defined in the appended claims.

What is claimed is:

1. In a recoiling gun, a cylindrical cradle fixed
against recoil and counterrecoil and provided
with interior bearing elements, a. gun - tube
mounted concentrically within said cradle and
slidably carried by said bearing elements for re-
coil and counterrecoil, a breech ring on said gun
tube, a support fixedly mounted on said cradle
and extending breechwardly alongside said breech
ring, first cooperable guide elements carried re-
spectively by said breech ring and said support and
relatively slidable in the directions of recoil and
counterrecoil but interlockable against twisting
action of said gun tube on its axis with respect to
said cradle, the breechward extent of the inter-
locking effectiveness of said guide elements being
less than the length of the recoil stroke of said
gun tube, and second cooperable guide elements

5 carried respectively by said gun tube and said

cradle muzzlewardly of said first guide elements
and relatively slidable in the directions of recoil
and counterrecoil but interlockable against twist-
ing action of said gun tube about its axis with
respect to said cradle, said second guide elements
being arranged to take effect prior to the end of
the effectveness of said first guide elements and
to continue effective during completion of the re-
coil stroke.

2. In a recoiling gun, a gun cradle fixed against
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recoil and counterrecoil, a:gun tubg slidably:car-
rigd by said cradle for recoil .and:counterrecoil, a
breech ring -on said gun-tube, a.support fixedly
mounted on said cradie: and: extending:breech-
wardly alongside said:breech ring;first. cooperable
guide elements carried respectively by said breech
ring and said support.and relatively slidable in the
divections of recoil and counterrecoil hut inter-
lockable sgainst twisting ‘action .ofisaid gun tube

on its axis with respect to said cradie, the breech--

ward extent of:the interiocking effectiveness.of
said suide elements being less-than the: length
of the wecoil stroke of said:gun:tube;.and second
cooperable guide elements carried respectively by
said gun tube and said cradle muzzlewardly. of
said first guide elements and relatively slidable
in the directions of recoil and counterrecoil but
interlockable against twisting action of said gun
tube about its axis. with, respect fo.said cradle,
said second guide elements being arranged to take
effect prior to the end of the effectiveness of said
first guide elements and to continue effective dur-
ing completion of the recoil.stroke. ‘

2. In a recoiling gun, & eylindrical cradle fixed
sgainst reeoil and counterrecoil.and provided
with - interior bearing elements,: a ‘sun- fube
mounted concentrically within . said cradle: and
slidably carried by said bearing elements: for re-
coil and counterrecoil, a breech:ring on said gun
tube, a support fixedly mounted.on said cradle and
extending - breechwardly alongside - said “breech
ring, main cooperable guide elements carried re-
spectively by said breech ring -and said: support
and relatively slidable in the directions of recoil
and counterrecoil but-interlockable against twist-
ing action of said gun tube,on its-axis with respect
to said cradle, the breechward extent of the.in-
terlocking  effectiveness -of said--guide ‘elements
being less than the length of the-recoil stroke .of
said .gun tubs, & sleeve fixed on said cradle:gon-
centric therewith at its muzzleward end encir-
cling said gun tube, a first auxiliary guide mem-
ber carried by said sleeve, a second auxiliary guide
member carried by said gun tube and positioned
with respect to and for cooperation with said first
guide member for relative sliding movement in
the directions of recoil and counterrecoil but in-
tariockable against twisting action of said gun
tube on its axis with respect to said cradle, said
suxiliary guide members being arranged to take
effect prior to the end of the effectiveness of said
first guide elements and to continue effective dur-
ing completion of the recoil stroke.

"4, Tn g recoiling gun; a gun cradle fixed against
recoil and counterrecoil, a gun tube slidably car-
ried by said cradle for recoil and counterrecoil, a
support fixedly mounted on said cradle and ex-
tending breechwardly alongside said breech ring,
first cooperable guide elements carried respective-
1y by said breech ring and said support and rela-
tively slidable in the directions of recoil and
counterrecoil but interlockable against twisting
action of said gun tube on its axis with respect
0 said eradle, the breechward extent of the in-
terlocking effectiveness of said guide elements
peing less than the length of the recoil stroke of
said gun tube, a sleeve fixed on said cradle con-
centric therewith at its muzzleward end and en-
“eireling said gun tube, a first auxiliary guide mem-
ber carried by said sleeve, a second auxiliary guide
member carried by said gun tube and positioned
with respeet to and for cooperation with said first
guide member for relative sliding movement- in
the directions of recoil and counterrecoil but in-

- terlockable against twisting of said gun tube on
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its.axis with respect to said cradle, said auxiliary
guide members being arranged to take effect prior
tothe end of the effectiveness of said first guide
elements and to continue effective during com-
pletion: of the recoil stroke. :

5. In g recoiling gun, a cylindrical cradle fixed
against recoil and counterrecoil and provided
with interior bearing elements, & .gun tube
mounted concentrically within said cradle and
slidably carried by said bearing elements for re-
coil and counterrecoil, a breech ring on said gun
tube, a support fixedly mounted on said cradle
and extending - breechwardly alongside said
breech. ring, first cooperable guide elements car-
ried respectively. by said breech ring and said
support and. relatively slidable in the directions
of .recoil: and counterrecoil but :interlockable
against twisting action of said gun tube on:its
axis with respect to said cradle, the breechward
extent. of the interlocking effectiveness: of said
guide elements being less than the length of'the
recoil stroke of said gun tube,-a coiled compres-
sion spring encircling said gun tube at a portion
of said cradle muzzlewardly: of said breech ring,

. means.on. said cradle.against which one end of

said spring abuts, an abutment secured:to said
gun tube and abutting the other end of said
spring for compression of said spring during re-
coil of the gun tube, and second guide elements
respectively on said :sleeve and said abutment
and cooperable for relative sliding in the direc-
tions of recoil and counterrecoil but interiockable
against twisting action of said gun tube on its
axis with respect o said cradle, said second

5 guide elements being arranged to take effect prior

to the end of the effectiveness of said first guide
elements and to continue effective during com-
pletion of the recoil stroke.

6. In'a recoiling gun, & gun cradle fixed against
recoil and counterrecoil, a.gun tube slidably car-
ried by.said .cradle for recoil and counterrecoil,
a breech ring on said gun tube, a support fixedly
mounted on said cradle and extending breech-
wardly alongside said breech ring, first coop-
erable guide elements carried respectively by said
breech ring and said support and relatively slid-
able in the directions of recoil and counterrecoil
put interlockable against twisting action of said
gun tube on its axis with respect to said cradle,
the breechward extent of the interlocking effec-
tiveness of said guide élements being less than
the length of the recoil stroke of said gun tube,
a coiled compression spring encircling said gun
tube muzzlewardly of said breech ring, means on
said cradle against which one end of said spring
abuts, an abutment secured to said gun tube and
abutting the other end of said spring for com-
pression of said spring during recoil of the gun
tube, and second guide elements respectively on
said sleeve and said abutment and cooperable
for relative sliding in the directions of recoil
and .counterrecoil but interlockable against
twisting of said gun tube on its axis with respect
to said cradle, said second guide elements being
arranged to take effect prior to the end of the
effectiveness of said first guide elements and to
continue effective during completion of the re-
coil stroke.

7. In a recoiling gun, a cylindrical cradle fixed
against  recoil and counterrecoil and provided
with interior bearing elements, a gun tube

‘mounted concentrically within said cradle and

slidably carried by said bearing elements for re-
coil and counterrecoil, a breech ring on said gun
tube, a support fixedly mounted on said cradle
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and extending breechwardly alongside said
breech ring, first cooperable guide elements car-
ried respectively by said breech ring and said
support and relatively slidable in the directions
of recoil and counterrecoil but interlockable
against twisting action of said gun tube on its
axis with respect to said cradle, the breechward
extent of the interlocking effectiveness of said
guide elements being less than the length of the
recoil ‘stroke of said gun tube, a sleeve fixed on
said cradle concentric therewith at its muzzle-
ward end and encircling said gun tube, a coiled
compression spring encircling said gun tube and
enclosed by said sleeve at a portion of said
cradle muzzlewardly of said breech ring, means
on said cradle against which one end of said
spring abuts, an abutment secured to said gun
tube and abutting the other end of said spring
for compression of said spring during recoil of
the gun tube, a plurality of leaf springs carried
by said sleeve at its interior and extending muz-
zlewardly and engageable with said coil spring
to dampen surging thereof, and a guide on said
sleeve and cooperable with said leaf springs for
relative sliding in the directions of recoil and
counterrecoil but interlockable against twisting
action of said gun tube on its axis with respect
"to said cradle, said abutment and legf springs
being arranged to take effect prior to the end of
the effectiveness of said first guide elements and
to continue effective during completion of the
recoil stroke. :

8. In a recoiling gun, a cylindrical cradle fixed
against recoil and counterrecoil and provided
with interior bearing elements, a gun tube
mounted concentrically within said cradle and
slidably carried by said bearing elements for re-
coil and counterrecoil, a breech ring on said
gun tube, a sleeve fixed on said cradle concentric
therewith at its muzzleward end and encircling
said gun tube, a coiled compression spring en-
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circling said gun tube and enclosed by said
sleeve at a portion of said eradle muzzlewardly
of said breech ring, means on said cradle against
which one end of said spring abuts, an abutment
secured to said gun tube and abutting the other
end of said spring for compression of said spring
during recoil of the gun tube, a plurality of leaf
springs carried by said sleeve at its interior and
extending muzzlewardly and engageable with said
coil spring to dampen surging thereof, and a
guide on said sleeve and cooperable with said
leaf springs for relative sliding in the directions
of recoil and counterrecoil but interlockable
against twisting -of said gun tube on its axis with
respect to said cradle.
VICTOR F. LUCHT.
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