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PRE-STRESSED OPEN-CHAMBER GUN WITH
ROTATABLE CYLINDER

David Dardick, Greenwich, Conn., assignor to Dardick
Corporation, a corporation of Delaware

Application January 19, 1955, Serial No. 482,905
4 Claims. (CL 42—39.5)

This invention relates to open-chamber guns and re-
lates more particularly to open-chamber guns of utility
especially for the firing of high pressure shells or car-
tridges.

One of the major obstacles to the development of suc-
cessful open-chamber gun applications, particularly with
high presure weapons, is the fact that because of the high
firing stresses very high beam moments are encountered
resulting in relatively high deflections of chamber-form-
ing members, of the gun.

This condition permits cartridge cases, when fired, to
expand beyond their elastic limit, thereby making them
swell permanently and making their ejection from the
gun extremely difficult. This is particularly true as re-
spects open-chamber guns having, as chamber-forming
members, a rotary cylinder structure and a breech struc-
ture which encloses or frames the cylinder structure in
the plane of the cylinder axis and serves as a relatively
stationary journal-mounting therefor. In such guns, the
difficulty of ejection can become extreme both as regards
sliding of the case past the stationary breech structure,
and ejection of the case out of the cylinder structure.

It is therefore an object of this invention to overcome
such -obstacles and to prevent such undue expansion and
‘attendant defects, by minimizing such beam deflections
and, as a corollary therete, to minimize such stresses so
as to enable the use of lighter structures for equivalent
stresses, through the provision in an open-chamber gun
of pre-stressed chamber-forming members having perma-
nent stresses therein which are opposite in sign to tem-
porary stresses induced by the firing loads and, by serving
to oppose said temporary firing stresses, will minimize or
prevent deflections which would permit expansion or
swelling of cartridge or shell cases beyond their elastic
limit,

It is another object of this invention to provide an
improved open-chamber gun of utility especially for the
firing of high pressure ammunition. ' .

It is another object of this invention to provide an im-
“proved open-chamber gun with which cariridge or shell
cases of material having a relatively lower elastic limit
than has heretofore been practically permissible, may
be uesd, '

.Other and further objects of this invention will appear
from the accompanying drawings, the following descrip-
tion.and. the appended claims.

In accordance with- this. invention, stresses of opposite
sign . are produced in a given chamber-forming member
by making -the- member of an inner and outer part, the
relative -dimensions -of which are such that, for assembly,
-one. or the: other must be expanded by heat so that on
cooling ‘permanent stresses will be created therein op-
posite i sign: to. the temporary stresses induced in the
member by the firing loads.. ‘

Speaking - generally, the open-chamber may be' con-
sidefed as formed by a breech portion and a cylinder por-
tion eachrhaving:a surface concavity. and movable relative
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to each other into and out of a position wherein the two
concavities co-act to form the chamber.

In analyzing deflection occurring in the breech portion
of the open-chamber, one may consider the breech por-
tion as a beam, fixed at both ends, and subjected to a
uniformly distributed unit load, upon firing.

As in any beam structure of this type, the greatest
stresses, due to flexure, are produced at the supports,
while the greatest deflection occurs at the center of the
span. Considering the area of the breech portion adja-
cent to the supports, thé firing load produces tensile
stresses in the section of this area which is at the inner
or chamber side of the neutral axis of the beam formed
by the breech portion, and produces compressive stresses
in the section of this area which is at the opposite side of
the neutral axis. The stress in the plane containing the
neutral axis is zero.

In accordance with this invention deflection at the
center of the breech portion is minimized or prevented by
creating permanent equalizing stresses in the breech por-
tion which are opposite in sign to the temporary stresses
induced therein by the firing loads. To this end, the
breech structure is constructed as a built-up structure
comprising an inner member and a mating outer member,
with the junction occurring at the plane of the neutral
axis of the resultant structure, considered as a unitary
structure. This may be accomplished by making the
outer member so that its interior dimensions are smaller
than the exterior dimensions of the inner member at nor-
mal temperatures. The ocuter member may then be ex-
panded, by heat, and shrunk over the inner member
while in this condition. The inner member may also be
refrigerated to reduce its size prior to assembly.

Depending upon the temperature differential, it is pos-
sible to pre-stress the members by as much as 100,000
Ibs./sq. in., in steel structures. Since the stresses due to
the firing loads would be of opposite sign, in each mem-
ber, the ordinary pre-stressing would tend to equalize
these firing stresses thereby producing minimum beam
deflections, or permitting the use of lighter structures for
equivalent stresses, all as above mentioned.

The cylinder portion of the open-chamber may be
considered as two integrally connected sections of the
cylinder structure. These e at opposite sides of the
plane containing the cylinder axis of the structure and
are of a surface configuration to provide a trough or
recess therebetween which is symmetrical with said plane
and serving to receive, and then transport, a round of
ammunition into the chamber-forming position,

In analyzing deflection occurring in the cylinder por-
tion of the open-chamber, one may consider each such
section as a cantilever beam, fixed at one end, and sub-
jected to a uniformly distributed unit load, upon firing.
As in any beam structure of this type, it is obvious that
the greatest flexure of each such section would occur at
the tip of the section and the greatest stress, due to flexure,
would occur close to the base of the section, that is, close
to the bottom of the recess. Considering the area of the
cylinder portion of the open-chamber adjacent the base
of each such section, the firing load produces tensile
stresses in the portion of this area which is at the inner or
chamber side of the neutral axis of the beam formed by
the section, and produces compressive stresses in the por-
tion of this area which is at the opposite side of the
neutral axis. The stress in the plane of the neutral axis,
is zero. '

In accordance with this invention, this flexure of the
cantilever sections, and hence the tensile stress at the
base, is minimized or reduced by creating permanent
equalizing stresses in the cylinder, which are opposite in
sign to the temporary siresses induced therein by the
firing loads. To this end, the cylinder structure also is
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constructed as a built-up structure comprised of an inner
member, or core, and an outer member, or jacket, con-
taining or forming the cylinder portion of the cpen cham-
ber. Speaking generally, the core is normally smaller
than the bore of the jacket but is of a configuration such
that it must be expanded for assembly with the jacket.
Upon heating, the core expands, permitting the assembly.
As thermal equilibrium is established and the core
shrinks, a permanent tensile stress is produced in the
core, and a compressive stress in the jacket and hence in
the cantilever sections of the cylinder porticn of the open
chamber. These are, again, opposite to the stresses pro-
duced during firing, thus minimizing or preventing deflec-
tions and tending to equalize the firing stresses.

In the accompanying drawings which form part of the
instant specification and in which like numbers refer to
like parts throughout the several views:

Fig. 1 is a fragmentary view in section cf an open-
chamber gun embodying this invention;

Fig. 2 is a view in section taken along the line 2—2 of
Fig. 1, the view showing onc loaded chamber of the three
chamber cylinder depicted, in firing position, the second
in loading position, and the third in ejecting position with
an empty cartridge case being discharged;

Fig. 3 is a view in section taken along the line 3—3 of
Fig. 1,

Fig. 4 is a semi-diagrammatic view in side elevation of
a pre-stressed stationary breech structure in accordance
with this invention, the view serving to illustrate, diagram-
matically, stress in the breech structure under firing loads;

Fig. 5 is a view in section taken along the line 5—S5 of
Fig. 4,

Fig. 6 is a semi-diagrammatic view in end elevation of
a pre-stressed cylinder structure in accordance with this
invention, the view serving to illustrate, diagrammatically,
stress in the cylinder structure under firing loads;

Fig. 7 is a fragmentary diagrammatic view in side ele-
vation cf an unprestressed breech stricture serving to
illustrate diagrammatically stress therein due to the firing
loads; and

Fig. 8 is a semi-diagrammatic view in end clevation of
an unprestressed cylinder structure serving to illustrate
diagrammatically stress therein due to the firing loads.

Referring now more particularly to the open chamber
gun depicted in Figs. 1 to 3 inclusive, inner and outer
rectangular breech members 1 and 2, respectively, to-
gether form a stationary breech structure which serves to
suppori, at one end, upper and lower gun barrels 3 and
4, respectively, the barrels paralleling each other and

being threadedly received within the breech members so 8

as to permit their removal at will.

The outer breech member Z has internal dimensicns
which are smaller than the external dimensions of the
inner breech member 1 at normal temperatures. As-
sembly is effected by expanding the outer member, by
heat, and sprinkling it cver the inner member while in this
condition. In consequence, the inner member 1 is sub-
jected to a permanent compressive stress while the outer
member 2 is subjected to a permanent tensile stress. As-
sembly may also be facilitated, if desired, by refriger-
ating the inner member to reduce its size prior to as-
sembly. The respective junctures between the top rails
and the bottom rails of the members 1 and 2, as viewed
in Fig. 1, are each in or substantially in the plane of the
neutral axis of each pair of abutting rails, considered as
a solid member, as will be more fully discussed herein-
after.

A cylinder structure comprised of jacket 5 and core 5
is mounted for rotation on its cylinder axis in the sta-
tionary breech structure with the cylinder axis parallel-
ing, and in the plane of the longitudinal axis of the gun
barrels. The core 5, considered as a unit, is smaller in
its external dimensions at normal temperatures than the
bore of the jacket 5 in which it is assembled. It is also
of a configuration such that in order for assembly to be
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effected, it must be expanded, by heat, and then inserted
in the bore. As thermal equilibrium is established and
the core shrinks, a permanent tensile stress is produced in
the core 5 and a permanent compressive stress is pro-
duced in the jacket 5 as will be more fully discussed here-
inafter.

The breech structure is provided with coaxially aligned
shafts ¢ and 7 extending into recesses 8 and 9, respec-
tively, in and concentric with the cylinder structure. The
shaft 6 is preferably keyed to the core 5’ and journalled
for rotailon therewith in a sleeve bearing 1§ carried by
the breech structure. Likewise, the shaft 7 is keyed to
the core 5’ as by a key 11 and is journalled for rotation
with the cylinder structure in a sleeve bearing 12 carried
by the breech structure. Suitable drive means (not
shown) may be connected to the shaft 7 for rotating the
cylinder structure reiative to .the breech structure and
preferably in a clockwise direction as indicated in Fig. 2.

Firing means, such, for example, as the firing pins 13
and 14 carried by the breech structure and disposed in
coaxial alignment with the gun barrels 3 and 4, respec-
tively, and adapted to be energized by means (not shown)
for firing cariridges or shells 13 carried by the cylinder
structure in identical troughs or recesses 16 formed in
the jacket 5, for movement into firing position in align-
ment with the respective upper and lower gun barrels.

The cylinder jacket 5 as here preferably embodied, is
provided with three such troughs 16 each preferably hav-
ing straight side walls 16’ converging from top to bottom
and terminating at the bottom of the trough in a circular
bottom wall 16””. The cartridges 15 have side walis 15
and a bottom wall 13" of a corresponding configuration
so as to be received within and fit snugly against the
side and bottom walls of the trough and be supported
thereby, during the firing.

The open top of each trough is adapted to be closed
by the stationary breech structure when the trough is
brought into firing position in alignment with one or the
other of the gun barrels. To this end, the inner member
1 of the stationary breech structure has upper and lower
arcuate breech surfaces 17 and 18 (as viewed in Fig. 2)
which are coextensive in length with the troughs and are
surfaces of .a common cylinder whose diameter is sub-
stantially the same as that of the cylinder jacket 5 so
as just to permit relative rotation. The cartridges 15 have
an arcuate wall 19 of radius of curvature the same as that
of the cylinder jacket 5 so that with a cartridge in the
trough, the top or mouth of the trough is spanned by the
wall 19 of the cartridge and may be capped by the arcuate
breech surface 17 when a trough is aligned with the upper
gun barrel as depicted in Fig. 2, and capped by the ar-
cuate surface 18 when a trough is aligned with the lower
gun barrel. Thus, the top and bottom portions of the
built-up breech structure over the length of the arcuate
breech surfaces 17 and 18, respectively, may be con-
sidered as the breech portion of the open chamber.

Each of the troughs 16 is open at its opposite ends so
that the cartridge case 15 in a given trough in firing posi-
tion, as in Fig. 1, will be opposed at one end by the
breech end of the gun barrel with which it is aligned,
for example, the breech end 3’ of gun barrel 2 as in Fig.
1, and will be opposed at its opposite end by the inner
member 1 of the stationary breech structure.

The cartridge case 15 as shown is of non-circular con-
figuration as is each trough of the cylinder structure 5.
However, by reason of the pre-stressing of the breech
structure and the cylinder structure in accordance with
this invention, a circular case is within the contemplation
of this invention since expansion of the case beyond the
elastic limit of its material will be prevented by the pre-
stressing. The case 15, as here preferably embodied, is
closed at one end and open at the other and is provided
with an internal obturating sleeve 29 which is co-equal in
internal diameter with the bore of the gun barrels 3 and 4
and is of cylindrical shape throughout its length. The
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sleeve 20 is annularly spaced from the case by spiders
20’ to provide. a generally annular chamber 21 between
case and sleeve in which the propellent gases may expand
and press an anuular obturating. flange 22 connecting
sleeve 20 and case 15 at the. open end of the case, into
firm : sealing engagement with the breech end of the
aligned gun barrel. The obturating sleeve 20 is adapted
to' contain and yieldably sealingly hold a projectile 23
to-be propelled through the gun barrel by burning of the
propellant 24 when fired. The primer 25 in the closed
end of the case is energized electrically or mechanically
by the firing means 13 or 14 as the case may be. It will
be observed that the cartridge case 15 with its internally
contained projectile 23 and propellant 24 constitutes a
telescoped round of ammunition.

The core 5’ as here preferably embodied, is provided
with three identical symmetrically positioned lobes 26
each extending radially outwardly from the hub of the
core and disposed between a pair of the three symmetrical-
ly positioned recesses 16. Preferably, each lobe is sym-
metrical about its radial plane and terminates in a traction
head 27 having at opposite sides of the lobe plane of sym-
mietry, a pair of traction surfaces 28 for engaging comple-
mentary pressure surfaces 29 of the cylinder jacket 5. Ad-
vantageously, the traction heads 27 are segments of a com-
mon cylinder co-axial with the jacket 5, the traction
surfaces 29 being portions of the inmer surface of the
cylinder. The core 5, though of similar configuration
to the bore of the jacket 5, is slightly smaller in cross
section normal to the cylinder axis than the corresponding
cross section of the bore. Thus, at thermal equilibrivm
there will be a slight clearance between the core and jacket
- over the opposing surface areas except over the contacting

traction and pressure surfaces 28 and 29, respectively.

This condition is illustrated in exaggerated form in
Fig. 6 wherein the traction surfaces 28 abut and are in
powerful pressure contact with the pressure surfaces 29
while the remaining opposing surfaces of core and jacket
are spaced apart. It will be understood that the spacing
need be sufficient only. to ensure that when, prior to axial
assembly of the core and jacket, the core 5’ is expanded,
by heat, to effect lengthening of the lobes 26 sufficient to
permit traction head surfaces 28 to slide axially past
pressure surfaces 29, there will be sufficient clearance
between the other opposing surfaces of core and jacket
to permit the assembly, As a practical matter, the clear-
ance need be only sufficient for the purpose.

‘As a result of the pressure exerted by the traction sur-
faces at therma] equilibrium, the section of the jacket §
adjacent the bottom of each recess, that is, in the cylinder
portion of the open chamber, is in a permanent state of
compression while each of the lobes 26 is in a permanent
state’ of tension. "This permanent compréssive stress in
the area of the cylinder portion of the open chamber ad-
jacent the bottom of the recess, is opposite in sign 1o the
temporary tensile stresses induced in the same area by the
firing loads. o )

For the. purposes of a comparative study of this rela-

- tionship, reference may first be had to Fig. 8 which indi-
cates diagrammatically a probable temporary stress pat-
tern due to firing loads in the cylinder structure 30 of a
known type of open-chamber gun having recesses 31a,
-31b and 31c for the cartridge or shell case (not shown).
In this case, the distributed unit load on the walls of the
recess 3la, for example, under firing conditions, is de-
noted as f, and the plane of the neutral axis of the
cantilever beam structure 32 between recess 31z and the
adjacent recess 315, is denoted by the dash dot line N—A.
In such case, the temporary stress pattern of the beam 32
in the area at the base of the beam represented by the solid
line A—A, will be one of tensile stress 7 on the side of the
neutral axis occupied by the recess 31z, and one of com-
pressive stress ¢ at the opposite side. This temporary
tensile stress decreases in known manner, as indicated in
Fig. 8, from a maximum at the bottom of the recess 31a,
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6
to zero at the neutral axis, with a corresponding- varia-
tion in the compressive stress ¢ at the opposite side.

- Referring now to Fig. 6, it will be.seen that if the neu-
tral axis of the cantilever beam represented by the seg-
ment of the built-up cylinder structure between the ad-
jacent recesses 16a- and 165, for example, be considered
as represented by the dash-dot line N—A, the pattern of
temporary tensile stress 7 and compressive stress ¢ in the
area.at the base of the beam represented by the line
A—A, due to the uniformly distributed firing loads f
in the recess 16a, will correspond generally to the pat-
tern of Fig. 8. However, because of the permanent
compressive stress C created by-the shrunk core 5 in the
portion of this area occupied by the jacket 5, the tem-
porary, tensile stress z will be opposed and equalized by
the permanent compressive- stress C, as indicated. At the
same time, the permanent tensile stress T in the portion
of the area represented by the line A—A which is oc-
cupied by the core lobe 26 located between the recesses
16a and 165, is opposed by the temporary compressive
stress ¢ in this same portion, thus serving to reduce the
tensile stress in the lobe under firing conditions, As a
result, deflection of the beam segments between the
recess 16a and its flanking recesses 165 and 16c, is sub-
stantially minimized. Thus, since the span of the walls
16’ (Fig. 2) of the cylinder portion of the open chamber
may be maintained at a constant, or. substantially con-
stant, value, it follows that expansion of the cartridge or
shell case in the cylinder portion. of the chamber may be
held within desired limits. More particularly, expan-
sion of the case beyond its elastic limit may thus be
prevented in this portion of the open chamber.

A similar result is obtained in the breech portion of
the cpen chamber by reason of the pre-stressed breech
structure. In this connection, Figs. 4, 5 and 7 provide a
diagrammatic illustration of stress patterns under firing
loads as between a pre-stressed built-up breech struc-
ture in accordance with this invention, typified by Figs. 4
and 5, and an unstressed solid breech structure, typified
by Fig. 7. It will be understood however that the struc-
ture of Figs. 4 and 5, though diagrammatic, is intended
to be illustrative of the conditions which would obtain
in the breech structure of the embodiment of open-
chamber gun depicted in Figs. 1, 2 and 3.

Referring to Fig. 7, the top rail 35 of the structure 35,
viewed as a beam supported. at its ends, is depicted as
subjected to a uniformly distributed unit load f, due to
firing. Considering the area adjacent the rear support
36 the temporary stress pattern about the neutral ax1s
N—A of the beam 35 varies over the plane of the area
designated by line A—A, from zero at the neutral axis
to a maximum of temporary compressive stress ¢ out-
wardly of the neutral axis and to a maximum of tem-
porary tensile stress # inwardly of the neutral axis. In
accordance with this invention, however, and with par-
ticular reference to the build-up pre-stressed breach
structure of Figs. 1, 2 and 3 as diagrammatiqally de-’
picted in Figs. 4 and 5, the stress pattern adjacent the
end supports due to deflection caused by the unit firing
loads f applied to the inner breech member 1 is one of
tension ¢ in the inner member 1 and compression ¢ in
the outer member 2, as indicated. These forces vary
from zero at the neutral axis N—A of the structure, con-
sidered as a solid structure, to 2 maximum at the opposite
sides of the neutral axis. However, because of the
shrunk fit of the outer member 2 on the inner member
1, a permanent compressive stress C exists in the inner
member 1 which, being opposite in sign to the temporary
tensile firing stress 7, minimizes or substantially prevents
deflection of the inner member under the firing loads.
At the same time, the permanent tensile stress T exist-
ing in the outer member 2 is opposed and minimized by
the temporary compressive stress ¢ in the outer member
due to the firing loads.

In the comstruction shown in Figs. 1 to 3 inclusive
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and in Figs. 4 and 5, the top, bottom and side rails of the
pre-stressed rectangular breech structure are each built-
up elements each comprised of elements of the inner and
outer members 1 and 2, respectively. The top rail and
the bottom rail are each adapted to serve as the breech
porticn of the open chamber depending on whether a
given recess in the cylinder structure is in alignment with
the upper gun barrel 3, as in Figs. 1 to 3, or in alignment
with the lower gun barrel 4. In the embodiment of Figs.
1 to 3 inclusive, the arrangement of the recesses 16 in
the cylinder structure in relation to the upper and lower
gun barrels 3 and 4, respectively is such that the barrel
may be fired alternately with one barrel being fired every
60° of rotation of the cylinder structure.

It will be clear from Fig. 4 that the neutral axis N—A
of the breech portion of the open chamber is in the
plane of the juncture between the inner and outer mem-
bers 1 and 2, respectively, considered as a solid structure.
Moreover, it will be apparent that because of the pre-
stressing, the built-up breech structure may be lighter
than an equivalent solid structure such as that of Fig. 7,
the same being true of the pre-stressed cylinder structure.

It will be understood that certain features and sub-
combinations are of wutility and may be employed with-
out reference to other features and sub-combinations.
This is contemplated by and is within the scope of my
claims. It is further obvious that various changes may be
made in details within the scope of my claims without de-

parting from the spirit of my invention. It is therefore,.

to be understood that my invention is not to be limited to
the specific details shown and described.

What is claimed is:

1. In an open-chamber gun having, as chamber-form-
ing members, a pre-stressed rotatable cylinder structure
and a stationary breech structure, said structures having
arcuate surface portions which are concentric and are
substantially co-equal in radius of curvature, said cylinder
structure comprising a cylindrical jacket having uniformly
circumferentially spaced open cartridge chambers in its
outer surface and radially extending sockets in its inner
surface between said chambers, said sockets each having
shoulder portions at opposite sides thereof; and, assem-
bled in said jacket in nested relation thereto, a core hav-
ing radially extending lobes mated with said sockets, said
lobes, respectively, being smaller than said sockets at
normal temperatures and prior to assembly and having
shoulder portions complementary to and in shrunk fit
engagement with those of the socket, whereby a perma-
nent tensile tress is produced in the core and a permanent
compressive stress in the jacket.

2. An open-chamber gun comprising a breech strue-
ture providing a breech portion for an open chamber
of the gun and a cylinder structure providing a cylinder
portion for the open chamber, each such portion having
a surface concavity and being movable relative to the
other into and out of a position wherein the concavities
co-act to form an open chamber of the gun, the surface
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concavity of said breech portion being arcuate and being
concentric with said cylinder structure and substantially

_co-equal in radius of curvature therewith, said breech

portion constituting a beam fixed at both ends and sub-
jected to a substantially uniformly distributed unit load,
upon firing, said cylinder portion comprising two inte-
grally connected sections of the cylinder structure, lying
at opposite sides of the plane containing the cylinder
axis of the cylinder structure and of a configuration to
provide therebetween, as the concavity aforesaid, a recess
which is symmetrical with said plane and serves to re-
ceive and transport a round of ammunition into and
out of the said chamber-forming position, each said
section constituting a cantilever beam, fixed at one end,
and subjected to a substantially uniformly distributed
load, upon firing, and said fixed beam and said cantilever
beams each having permanent equalizing stresses therein
which are opposite in sign to.the temporary stresses in-
duced therein by the firing loads.

3. An open-chamber gun in accordance with claim 2
in which the surface concavity in said breech portion is of
arcuate configuration and in which the surface concavity
in said cylinder portion is of a configuration other than
arcuate.

4. An open-chamber gun in accordance with claim 2
in which- said breech structure provides at least a pair
of such breech portions disposed in opposing parallel
relation to each other and in which said cylinder structure
is disposed between said breech portions and provides
at least three such cylinder portions arcuately spaced
from each other by 120°, each such cylinder portion
being movable relative to said breech portions into and
out of successive chamber-forming positions fixed by
the respective breech portions, in each of which positions
the surface concavity of the cylinder portion stationed
therein co-acts with the surface concavity of the breech
portion to form an open chamber whereby an open
chamber is formed alternately with said breech portions
and said gun may be fired at every 60° of arcuate move-
ment of said cylinder structure.
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