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BACKGROUND OF THE I NVENTION Field of the Invention The invention r1§ m-{e bto
guns, in particular to guns such as nachine guns that are capabl e of ra@Pd
and sust¥¥PR&84#te. The present invention also rel ates toPCAMRMIXTON for
guns and to nethods for discharging guns. 10 Di scussion of the Background
Art Guns, and in particular machi ne guns, generally include conplex
mechani sms  for loading a cartridge into a firing chanber of the gun. As a
result, the rates of fire of conventi machi ne guns are generally
limted, typically up to about 4500 r 15 per mnute in a fixed
multi-barrelled Gattling typegguf-FEBMACHINETGUNI on sl eeve arrangenents
have been used in conjunction wwth Gattling type guns one such exanple is
presented in US Patent No. 4,452,123 which discloses a rapid fire gun round
made with a conposite chanber. The chanber is led 20 by rotational notion
rat her than by reciprocating notion. The round will work in a recoilless
gun gonfiguration. An al tggmﬁgRgmqu@pemE @‘;VEﬁ'ﬁdﬁ“ tiple barrels to be
arranged with an anmunition chain to forma Glling gun configuration. A

| i ner céaieldbéthengwentdni n the gun barrel to be replaced with wear as

appropri at e. wever . the  sleeve arrangenent is sinply |oaded.into th
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pro? | lant. 30 Anot her such exanple of a machine gun is described in the
earffer international patent application PCIT/A000/ 00857 by the present
appl i cagy;.d | L IS a gun including a barrel assenbly feed for
advanci Disc s SitnbBa %@%&ﬁ assenblies of the type having a plurality
of projectil &unst acked paxiialldlymaichiiengeas, hgeh dalAivicRalibcomplex mechanisms

for loading a cartridge into a firing chamber of the gun. As a resuit, the rates of fire of

conventional machine guns are generally limited, typically up to about 4500 rounds

15  per minute in a fixed multi-barrelled Gattling type gun.

Various ammunition sleeve arrangements have been used in conjunction with

Gattling type guns one such example is presented in US Patent No. 4,452,123 which
discloses a rapid fire gun round made with a composite chamber. The chamber is led

20 by rotational motion rather than by réciprocating motion. The round will work in a
recoilless gun configuration. An alternate arrangement permits multiple barrels to be
arranged with an ammunition chain to form a Gatling gun configuration. A liner can

be inserted in the gun barrel to be replaced with wear as appropriate. However the
sleeve arrangement is simpiy loaded into the breach in the conventional manner

25 which does not provided an effective seal between the cartridge and the barrel and
as such does not avoid the adverse effects on both the projectile and barrel caused

by the lateral spread of pressure and exhaust gases resulting from ignition of the

propellant.

30 Another such example of a machine gun is described in the earlier
international patent application PCT/AUQ0/00857 by the present applicant in which is
disclosed a gun including a barrel assembly feed for advancing a plurality of barrel

assemblies of the type having a plurality of projectiles stacked axially within each



PCT/ AUC2/ Ot 504 2 barrel assenbly together with discrete sel ectivellyd MAY 2006
ignitable propellant charges for propelling the projectiles frmaoreadsir/olrs04
barrel assenbly. The plurality of barrel assenblies are |inked together in
spaced apart parallel relationship and one or nore barrel assenblies are

| ocated in a firing station wherein the firing station operatively 5
supports the one or nore barrel asserﬂ%}i es. The gun further includes a
charge initiator associated with the<firing station for selectively
initiating said discrete selectively ignitable Pr opel I ant charges of one or

nor e bRATFE| assarehiyl iogsthprewdhi disriete sidpetivedd igyitathe propeigntsch@igss. forhe

barr el Nl a hnpe ar of. rd, {shon- [ e mat.eri al
and arPSREOSc it g BPelRhe e i arte” erRe Bl o M PG e e

def or nshdpybitdieard! ke datod et o6 kplct @ eiparioparali sPfadstcais s lavg . o yMARYe OF THE
| NVENTI ON OQbj ect of the Invention 15 Accordingly, it is an object of the

pr esen®arghassengniesoaner logrigd a glingrrdations wheapathe fotngatationreparagielyat e of
fire. It is apother object of the present inventio o _provide a gun that is
caabl WloG IR Bhee 87 ufete Beriel sReRRERY ThERAbp aleld bBIER, 3 Mok Tan o
from sihnagt® sRebciatd hwith A8 fighgss@tiohl f&@ kBrRUgbIyt thitihfid@ dHighdisatas of
fire. Further objects will be apparent fromthe foll ow ng di scussion of the

i nvents&lectivals gniebieepuirallast chargesi Groresonosuediaiglasseantpiesseptrativeignt i on

provi des elt-fed machin up for firin mul tiplicity of cartrigdges
Encnses ey d2€ RS Hfed Toe Mo F5ently BhscARander o EBkna §on

i ncl udh1d, doplasfairhhyleOmaters tait halditePahdihhedf Hafuctils mmEnsed HObuter
circunrotation; a plurality of cradles for supporting the cartridges encased
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plurality of 30 substantially parallel barrels wherein a nunber of the
plurality of cradles in an operative position are aligned coaxially with
correspondi ng barrels; a housing and a breechbl ock, wherein said housing and
said nunber of cradles in the operative position engage sl eeves encasing

cartridges to form1 9 MABUNNBRRYO Ath2/NMENGLON

Object of the Invention

15 Accordingly, it is an object of the present invention to provide a gun that is

capable of an ultra high rate of fire.
It is another object of the present invention to provide a gun that is capable of
variable rates of fire, wherein the rate is selectively variable from single shot and low
20  rates of fire through to ultra high rates of fire.

Further objects will be apparent from the following discussion of the invention.

Disclosure of the Invention

25 Accordingly the present invention provides a belt-fed machine gun for firing a
multiplicity of cartridges encased in sleeves and linked to form a belt, said belt-fed
machine gun including a plurality of substantially paraliel barrels mounted for
circumrotation; a plurality of cradles for supporting the cartridges encased in the
sleeves, said cradles being mounted for circumrotation with said plurality of

30 substantially parallel barrels wherein a number of the plurality of cradles in an
operative position are aligned coaxially with corresponding barreis;

a housing and a breechblock, wherein said housing and said number of

cradles in the operative position engage sleeves encasing cartridges to form



3 chanbers with said breechbl ock, and said breechbl ock furtherp£é§%9%4
guide to engage with the cartridges or sleeves for urging sai Tdges
and sl eeves towards said corresponding barrels; and a firing nechani smfor
initiating a propellant charge in one or nore of the 5 cartridges supported
by cradles in the operative condition. In another formof the invention the
plurality of substantially parallel Imrrels may include first and second

sets of barrels arranged concentrically with respect to one another, said
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ptef efiegdrscwvhichnret canabde olirapid@nshaestaines fae efherofraties.s This capalglity and
are may be controlled either by a firer having manual control over the firing of the firearm
or by an automated system such as one controlled by computer.

The plurality of substantially parallel barrels may include any number of
barreis. The number of barrels that are preferred will depend on the application and
20  will be discussed hereunder. The plurality of substantially parallel barrels mounted

for circumrotation may be mounted on any convenient frame. The barrels are

preferably spaced equidistantly and circumrotate about an axis of rotation.

Preferably the frame may include two or more spaced apart annular rings.

Alternatively, the plurality of substantially parallel barrels mounted for circumrotation
25 may bein the form of bores in a cylinder or tubular section.

The frame on which the plurality of substantially parallel barrels is mounted
may be rotatably mounted on the gun such that the barrels, being offset from the axis
of rotation of the frame, circumrotate about said axis.

The plurality of cradles mounted for circumrotation with the plurality of

30 substantially paraliel barrels may be mounted on any convenient frame. The cradles
preferably circumrotate about the same axis as the barrels of the gun and are
preferably spaced equidistantly. Preferably the plurality of cradles are formed as

channels in the external surface of a cylinder.



preferably spaced equidistantly. Preferably the plurality of cradl%4ATA0¥
formed as channels in the external surface of a cylinder. 1 PEIMAAO0E0!504
PCT/ AU02/ e1504 4 It is preferred that each barrel and has a cofrespondi ng
cradle with which it is coaxially aligned and the barrels and cradl es
circunrotate in unison. G her configurations may be feasible but for
sinplicity of operation, as well as for reasons of safety and reliability
of operation, it is preferred that each barrel has a 5 corresponding cradle
with which it circunrotates in unison. In the operative condition, a nunber
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a correspondi ng cross-section to be received in and supported by the
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15 chambers.

The housing, breechblock and cradles in the operative condition engage the
sleeves encasing the cartridges to form chambers. The cradies may preferably be
shaped to conform to the outer profile of the sleeves. In the preferred configuration,
the cross-section-of the cradle is substantially semicircular with a flared opening to

20  allow sleeves having a corresponding cross-section to be received in and supported
by the cradle. The inner wall of the housing may be shaped to tightly engage the
sleeves and provide a sealed chamber as the sleeves circumrotate in the cradle with
the barrels. In a preferred configuration the housing may be shaped to tightly engage
the sleeves and provide a sealed chamber at firing stations about the and to

25 minimise friction between the sleeves and the housing as the sleeves in the
remainder of the circumrotation. Such a configuration may be in the form of a cam
urging the sleeves laterally into the cradles at the firing stations whilst the remainder
of the housing engages the sleeves with lessor force and minimises friction between
the sleeves and the housing over which the sleeves are dragged.

30 The breechblock closes the breech end of the chamber and the breechblock is
preferably formed integrally with the housing. The breechblock preferably includes a
guide for engaging with the cartridge or the sleeve such that the cartridge or sleeve

travels along a desired path when not constrained by the chamber. The breechblock



of the housing engages the sleeves with | essor force and mnimses frij chi on
between the sleeves and the housing over which the sleeves are di 5@@\4&.0530

The br egg k. .cl oses the breech end of the chanmber and reechbl ock is
preferagf@p @ﬁﬁgd integrally with the housing. The breecﬂ%ﬁﬁéﬁogﬁﬁ$grably

i ncludes a guide for engaging with the cartridge or the sleeve such that
the cartridge or sleeve travels alongb5a desired path when not constrai ned
by the chanber. The breechblock 1 9 MAY 2006 WD 03/044443 5 PCT/ A U02/ 01504

al so pr:ﬁ&@b@&b)’aﬁl?‘ﬁ'\dﬁ?@& élcgﬁmr]g_rrgm@ghag:a Rgeahid $£D8bid ey FFFhaRl Rith

engagenent wth he barrel for fifing of the“cartridge. A suitable sleeve
conf i guhat barrelffor fiing ofi the cartridge.i ik shidalbe esieard cokfigudtionetorause with a
frustro-coni

I hat. di t in th dj t d
of 't he G e DR hltkANGLERS o a i ERaEa e hat <iBPaEs @ BOTRIPMAT Rt s of
the | atighal irbfteealialbnPb s BMise Bahel B HAUS e BARESIIURLICHN CHOMTIEMites

ignition of the propellent . Irst sleeve encasing a cartridge of a belt

i s pr eftbeadiects efithenlaterbshspreaddifgye ssurena ok thenve kiheeu strgaiegspratdu cé droratbepl e,
a position corres to 8 o' clock. As the cradle rotates, subsequent

ondi n
sl eeye§QBW85d)é”§%B§‘éQﬁy§ﬁ{- cradles at that position. The 10 housing may be
conf i gured t%@ﬂ%%ﬁeé@e@h%&?ﬂgé?%Yﬁi%gétofaabﬁé'ﬁ id Fef@réb'tlgﬁ'f@c?htoﬁﬁé'c?écﬂ@s The

cradles circunrotate to a r Iring position ere e cartridge 1 n the
cr adl e fnery betowlitbe lceadiesl at, Addekampid, & posihgn posies pondingety S e'givakvi Aedhat

positions , spaced around the path circunscribed the cradles. .In un
Povi no GRgIROles PySelbb SR aaIcRga0H PUpseATGR! FaiR, ShER POSHO Ny B

comwenir%uéiry%nﬁgyiw%om urelP 18l SEPRIL WA the §é§\?éé daeébofﬁhﬁn@@;cgaacﬁnd

cradles 1n an operative Condition,” such as in a firing position
descri hubitidiovéheeamgdlge cicesvetate ne asiinsy fidag tpasdpeswherd thercattdadherns thet h

said breechblock. In ,a preferred enhodi ment, chanbers are forned by the
housi ng-"a8IgREY e CHEnardes e &dgilipnaldring RIS REeBeRIBHedTAkPer a0z s and

o Schor 488 RIS RIS RN 588k Uhe ERAER, 5l Hislnd bghd SRRy o o
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15 discharging the cartridges.

The housing and cradles in an operative condition, such as in a firing position
as described above, engage sleeves encasing cartridges to form chambers with said
breechblock. in a preferred embodiment, chambers are formed by the housing
engaging the sleeves and the linkages therebetween. The sleeves and the linkages

20 therebetween may seal the chamber such that it is capable of discharging the
cartridge.

The firing mechanism for initiating a propellant charge in one or more of the
cartridges may be by any convenient initiation means. In applications requiring ultra-
high rates of fire, it is preferred that the cartridges are discharged by an electrical

25 initiation. In applications requiring only low rates of fire, mechanical initiation of the
cartridge may be convenient.

The barrels and cradles may be rotated by any convenient means. It is
preferred that the rotation is provided by an electric motor which may directly engage
the barrels and cradles or may engage the barrels and cradles through gears

30 selected to provide the desired speed of rotation and torque. The drive mechanism
may be capable of variable speed such that the rate of fire of the gun may be varied

in use.



cartridges may be by any convenient initiation neans. In applicatifg v e
requiring ultra- high rates of fire, it is preferred that the cart %\&J%re

discharg electrical 25 initiation. In applications, r ring only
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convenient. The barrels and cradl es nmay be rotated by any conveni ent neans.
It is preferred that the rotation is previded by an electric notor which
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the barrgl gqve condition. Such ultra-high rates of fire
mcreaseﬁI %uetég?)ée)F gfal%%gﬁ rrperature of the chanbers and the barrels and
cool i ng of théhelcariedge mag extendbeyony the rearsof i sleeve and engage a guide

15 having lateral recesses for engagement with the flanges on rear of the cartridge. The
guide may provide the cam for urging the sleeve and the cartridge towards the barrel
in the operative condition.

Such ultra-high rates of fire increase the operating temperature of the
chambers and the barrels and cooling of the chambers and barrels may be desirable.

20 Overheating of the chambers can result in cook-off of the gun, wherein a cartridge
becomes jammed in the chamber and is unable to be fired. The applicants have
found that by providing a sleeve having good thermal insulating properties the
likelihood of cook-off is reduced. An alternate approach to minimising cook-off is to
have the sleeve as a heat sink, with the belt acting as a thermal insulation so that the

25 heat is removed from the chamber with the sleeve and the cartridge. As a result of
the use of multiple chambers the heat build-up in any one chamber is significantly
less than the heat build-up than in machine guns employing a single chamber.

The barrels may also be susceptible to overheating and it may be desirable to
not discharge a cartridge down each barrel each rotation. For example, by providing

30 an odd number of barrels and spacing the sleeves to be supported in every second
cradle a lower rate fire would be achieved whilst each of the barrels would be utilised

equally. A similar arrangement may be provided in an eight barrelled configuration



20 Overheating of the chanbers can result in cook-off of the gun, wherein a
cartridge becomes jamed in the chamber and is unable to be fired! ST 2006
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Such cartrjdges include a shell; a plurality of projectiles axially di sposed
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dart-like and the fins thereof may be offset to generate a stabilising spin as the dart is
propelled from a barrel that may be a smooth-bored barrel.

The projectile charge may be form as a solid block to operatively space the
projectiles in the shell or the propellant charge may be encased in metal or other rigid

20 case, which may include an embedded primer having external contact means
adapted for contacting an pre-positioned electrical contact associated with the shell.
For example the primer could be provided with a sprung contact which may be
retracted to enable insertion of the cased charge into the shell and to spring out into
an aperture upon alignment with that aperture for operative contact with its mating

25 shell contact. If desired the shell may be consumable or may chemically assist the
propeilant burn.

Each projectile may include a projectile head and extension means for at least
partly defining a propellant space. The extension means may include a spacer
assembly that extends rearwardly from the projectile head and abuts an adjacent

30 projectile assembly. The spacer assembly may extend through the propeltant space
and the projectile head whereby compressive loads are transmitted directly through
abutting adjacent spacer assemblies. [n such configurations, the spacer assembly

may add support to the extension means that may be a thin cylindrical rear portion of
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pr oj ect ivith theasbreldf tiebarrehr r angenent the projectil e head and spacer
assenbly may _be | oaded into the barrel and there after an axial '
di spPacenent Tihe pErigelie theash MaYedgthir aséanarad aredwenat e rearward end into

which is received a complementary tapered spigot disposed on the leading end of the
spacer assembly, wherein refative axial movement between the projectile head and
the complementary tapered spigot causes a radially expanding force to be applied to
the projectile head.

20 The shell may be non-metallic and the bore of the shell may include recesses
which may fully or partly accommodate the ignition means. In this configuration the
shell houses electrical conductors which facilitate electrical communication between
the control means and ignition means. This configuration may be utilised for
disposable shell assemblies which have a limited firing life and the ignition means

25 and control wire or wires therefor can be integrally manufactured with the sheil.

A cartridge may alternatively include ignition apertures in the shell and the
ignition means are disposed outside the shell and adjacent the apertures. The sheil
may be surrounded by a non-metallic outer shell which may form the sleeve which
may include recesses adapted to accommodate the ignition means. The outer shell

30 may also house electrical conductors which facilitate electrical communication
between the control means and ignition means. The outer shell may be formed as a
laminated plastics shell which may include a printed circuit laminate for the ignition

means.
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Proj ecthlfetile will result in radial expansion of the projectile skit. This rearward

15 movement may occur by way of compression resulting from a rearward wedging

movement of the projectile along the leading portion of the propellant charge it may

occur as a result of metal flow from the relatively massive leading part of the

projectile to its less massive skirt portion.

Alternatively the projectie may be provided with a rearwardly divergent

20 peripheral sealing flange or collar which is deflected outwardly into sealing

engagement with the bore upon rearward movement of the projectile. Furthermore

the sealing may be effected by inserting the projectiles into a heated shell which

shrinks onto respective sealing portions of the projectiles. The projectie may

comprise a relatively hard mandrel portion located by the propellant charge and

25 which cooperates with a deformable annular portion may be moulded about the

mandrel to form a unitary projectile. The unitary projectile relies on metal flow

between the nose of the projectile and its tail for outward expansion about the
mandrel portion into sealing engagement with the bore of the shell.

The projectile assembly may include a rearwardly expanding anvil surface

30 supporting a sealing collar thereabout and adapted to be radially expanded into

sealing engagement with the shell bore upon forward movement of the projectile

through the shell. In such a configuration, it is preferred that the propellant charge

have a cylindrical leading portion which abuts the flat end face of the projectile.
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in the bore and may inclu a met j acket encasing at |east the outer end
por tliSon egnvengonal firing pin type methods such as by using a centre-fire primer igniting the
outermost projectile and controlled consequent ignition causing sequential ignition of
the propellant charge of subsequent rounds. This may be achieved by controlied
rearward leakage of combustion gases or controlled burning of fuse columns
extending through the projectiles.

20 In another form the ignition is electronically controlled with respective
propellant charges being associated with primers which are triggered by distinctive
ignition signals. For example the primers in the stacked propellant charges may be
sequenced for increasing pulse width ignition requirements whereby electronic
controls may selectively send ignition pulses of increasing pulse widths to ignite the

25 propellant charges sequentially in a selected time order. Preferably however the
propellant charges are ignited by a set pulse width signal and burning of the leading
propeliant charge arms the next propeilant charge for actuation by the next emitted
pulse. ,

Suitably in such embodiments all propellant charges inwardly from the end of

30 aloaded barrel are disarmed by the insertion of respective insulating fuses disposed

between insertion of respective insulating fuses disposed between normally closed

electrical contacts, the fuses being set to burn to enable the contacts to close upon



projectile. The projectile may be provided with contractible peripheral

| ocating rings 5 which extend outwardly into annul ar grooves in tHe Mejls
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contacts, the fuses being set tdo burn to enable the contacts to cl ose upon
19 MAY 2daped topanetrate ot reganddetonstekenind the wall of the target.

In a third embodiment the present invention may employed in high calibre
applications, such as in fixed guns of the type mounted on naval vessels. Whilst the
size of the cartridges will preclude ultra-high rates of fire the rates achievable will still
exceed those achievable in conventional weapons systems. For example 51"

20 cartridges may be loaded into a beit of sleeves and the gun of the present invention
used to sustained fire these shells. Cartridges of the type described in International
Patent Application Nos. PCT/AU94/00124 and PCT/AUS6/00459 may be used in this
third embodiment.

It is preferred that the first projectile is selected for hitting the target and that

25 subsequent projectiles are dummies, such that the detonation of the propellant
behind the dummy whilst the first projectile is still in the barrel provides an additional
impulse to the first projectile imparting additional kinetic energy to same.

The guns of the present invention may include a first and second sets of
barrels arranged concentrically with respect to one another. The inner first set of

30 barrels and outer second set of barrels may circumrotate independently or be rotated
in unison. The outer plurality of barrels has a corresponding plurality of cradtes for

receiving a further beit of sieeves encasing cartridges. The inner and outer guns
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such 5 arrangenents the electrical signal nmay be carried externally of the
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cartridges will preclude ultra-high rates of fire the rates achievable wll
still exceed those achievable in conventional weapons systens. For exanple
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guns FIG. 4 is a side view of the gun of FIG. 1;
FIG. 5is a top view of the gun of FIG. 1;
FIG. 6 is a bottom view of the gun of FIG. 1;
20 FIG. 7 is an isometric view of a cartridge loaded in a sleeve associated with
an embodiment of the invention;
FIG. 8 is a cross section of the cartridge depicted in FIG. 7;
FIG. S is a view of a belt for use in the gun of the embodiment;
FIG. 10 is a partial cross-section of a belt for use in the gun of the present
25  invention;
FIG. 11 is a partial cross section of a further belt for use in the gun of the
present invention;
FIG. 12 is a cross section illustrating engagement between the sleeve and
the barrel of an embodiment of the present invention;
30 FIG. 13 is a cross section illustrating engagement of the sleeve and the
barrel of another embodiment of the present invention;
FIG. 14 is a conceptual isometric view of a gun of a further embodiment of

the present invention; and
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housing 9 to form a chamber. The rear of the chamber is defined by the breechblock
10. The breechblock 10 has a guide 11 for holding the cartridges 6 and urging the
cartridges and the sleeves towards the barrel 2 in an operative position 12.

15 FIG. 2, which is an exploded view of the assembled machine gun 1 of FIG. 1,
shows how the belt 8 extends around the cylinder 4 when assembled. The housing 9
and the breechblock 10 can be seen to be formed as an integral casing 13 in the
embodiment. An apertured plate member 9a supporting breech ends of barrels 2
forms the front of the chamber.

20 FIG. 3 is a front view showing the eight barrels 2 and the forward annual
support ring 3. On the left hand side of FIG. 3 the housing and the feed belt 8 may
be seen. On the right hand side of FIG. 3 the housing 9, breechblock 10 and belt 8
have been cut away as per FIG. 1. FIG. 4 shows the breechblock 10 guiding the
cartridlges 6 towards the barrels 2. FIGs 5 and 6 are top and bottom views,

25 respectively, corresponding to FIG. 1.

FIG. 7 shows an example of a cartridge 6 in a sheli 7. Thé shell 7 has a
frustro-conical leading end 14 for engagement with a barrel 2. The cartridge 6 has a
follow up 15 to engage a guide in the breechblock for urging the cartridge 6 and the
sleeve 7 into the barrel 2 using a camming type action such that a seal is produced

30  which alleviates the effects of the lateral spread of pressure and the exhaust gases
produce from the ignition of the projectiles propellent.

FIG. 8 shows a cartridge 6 having a bullet 16 in a casing 17, the casing having

a first cavity 18 for housing a propellant and a second cavity 19 for housing a coolant.



FIG 14 is a conceptual isonetric view of a gun of a further enbodi nent of
the present invention; and WO 03/044443 13 19 MAY 20613 PC FAUO2/ 0180447Fh e
15 is a conceptual plan view of the gun of the further enbodiment.

DESCRI PTN(‘KI" +EVBODI MENTS OF THE INVENTION FIG 1 shows aPnHANPHE!Y4n | of
a preferred enbodi ment having eight barrels 5 2, supported by two annul ar
rings 3, which barrels are arranged forqgircurnrotation about a

| ongi tudi nal axis of the gun. The gun 1 has a cylinder 4 having eight
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faces of respective troughs provide 10 cradles 5 that support cartridges 6.
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cartridges and the sleeves towards the barrel 2 in an operative position 12.
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FI1G. 12 shows a cartridge 6 in a sleeve 7 having a frustro-conical leading end
15 14 which is engaged with a barrel 2 having a correspondingly shap.ed rear portion. In
another form, FIG. 13 shows a cartridge 6 in a sleeve 26 having a tongue in groove
male leading end for engagement with a corresponding grooved rear end of a barrel
27.
In a further embodiment of the present invention, a gun 30 including a
20 concentric arrangement of circumrotating barrels 31, 41 fed by respective belts 38,
48 is illustrated in FIGs 14 and 15. These drawings are schematic only and serve to
illustrate the concept, which employs an inner set of barrels 31 and a concentric
outer set of barrels 41. With reference to FIG. 14, each of the sleeves 37, 47 of this
embodiment includes three cartridges 36, 46, wherein the propellant may be
25 selectively electronically ignited by a firing mechanism {not shown) for sequentially
propelling the projectiles from the muzzle of a respective barrel 32, 42. |In this
embodiment, a total of 20 barrels is provided with a projected rate of fire of 6000 rpm.
Accordingly, if all 3 cartridges in each of 8 barrels are available for discharge, a
maximum rate of fire of up to 144,000 rpm is possible.
30 FIG. 15 is a conceptual plan view of the gun of the second embodiment,
wherein the barrels 32, 42 are supported by annular rings 33, 43. The breech block
10 in each case is associated with cylinders 34, 44 having cradles 35, 45 for

receiving the belts 38, 48 carrying (or incorporating) sleeves 37, 47 as per FIG. 14.



follow up 15 to engage a guide in the breechblock for urging the cartridge 6
and the sleeve 7 into the barrel 2 using a camm ng type action su&ﬁJMhbﬁMa
seal is‘géﬁgﬂced 30 which alleviates the effects of the |lateral Spread of
pressure t#& exhaust gases produce fromthe ignitiont6T/AUWH ) ectil es
propellent. FIG 8 shows a cartridge 6 having a bullet 16 in a casing 17,
the casing having a first cavity 18 fes housing a propellant and a second
cavity 19 for housing a coolant. WO 03/044443 14 1 9 MAY 2006

PCT/ AU02/ 015Q4 1 | : L i gGt lel€, t he
barrel, and gﬂgggggﬁgﬁgﬁ'hgﬁé5%@%@35%%gﬁiﬁﬁébééﬁﬁééiﬂﬁ%%é¢y§ I%fﬁﬁé%ﬁgﬁgkr
and t hechacgretic batréls SesibrdsindGeed aed 1 5&rhploying the tedteingprhefreine t hat
forms a sem -circular cross section. Between the segnments 20 of the belt
for receiving the sleeves 7 are 5 concave segnments 21 which, act with the
segnents 20 to formthe sem circular cross section. FIG 10 shows a belt 8
that has a proud portion 22 for engagenent an interior surface of the
housi ng 9, which portion is adjacent a cavity 23. The outer surface of the
belt 8 is adapted to provide mnimal contact with the housing, so as to
reduce the 10 energy required to drive the belt 8. The cavity 23 is provided
for retaining a cartridge 6, with or without a sleeve 7 therein as
required. FIG 11 shows a variant of the belt 8 having an open cavity 24
defined by opposed resilient arcuate portions 25, whereby a cartridge 6
(optionally within a sleeve 7) may be snapped into the belt. FIG 12 shows a
cartridge 6 in a sleeve 7 having a frustro-conical leading end 15 14 which
is engaged with a barrel 2 having a correspondi ngly shaped rear portion. In
another form FIG 13 shows a cartridge 6 in a sleeve 26 having a tongue in
groove nmale |leading end for engagenent with a correspondi ng grooved rear
end of a barrel 27. In a further enbodi nent of the present invention, a gun
30 including a 20 concentric arrangenent of circunrotating barrels 31, 41
fed by respective belts 38, 48 is illustrated in FIGs 14 and 15. These

drawi ngs are schematic only and serve to illustrate the concept, which

enpl oys an inner set of barrels 31 and a concentric



outer set of barrels 41. Wth reference to FIG 14, each of theé§%ﬂé&é§%3@4
47 of this enbodi nent includes three cartridges 36, 46, wherein the
propel l ant may be 25 selectively electronically ignited by a firing
mechani sm (not shown) for sequentially propelling the projectiles fromthe
muzzl e of a respective barrel 32, 42.1 In this enbodinent, a total of 20
barrels is provided with a projected Pate of fire of 6000 rpm Accordingly,
if all 3 cartridges in each of 8 barrels are avail able for discharge, a

maxi mumrate of fire of up to 144,000 rpmis possible. 30 FIG 15 is a
conceptual plan view of the gun of {hg cond enbodi nent, wherein the
barrels 32, 42 are supported by annular rings 33, 43. The breech block 10
in each case is associated with cylinders 34, 44 having cradles 35, 45 for
receiving the belts 38, 48 QarryinP (or incorporating) sleeves 37, 47 as per
FIG 14. 1719 maY beldednachioamus orélrmwnmdgwmty 1CtigeHRNEAFET éd i n

the ar il | .ahbl.e t d tan . W th concentric
o r o e RO e Bt 25 5L AL okl DR B Tudiall herein. R

~YA 1T02' / I3 gibrAityl 6f SLpdtivbiidlly pard@blt bdresls manittee faudirduhrdtationg a
multiplicity of cartridges encased in 5 sleeves and |linked to forma belt,

sai d bel t - PeRiurgldhPher fOTCIURPORIRg theptartridgasyetrasedosttaatsiegyss, s@idl | el
> | f . g . !
Phe csradBy et (R BEGTPIREAGBoR Wb SAId bl R EtanGii P HER | 1O

Ci r cuvadletd Movereint B saintbepl afr thlel plurality sefbstaaindd @ lan Raesdthel pobRibhehse
wherein a nunber of the plurality of cradles in an operative position are
100 al iajgeed eeaxiphy Withgarrespenakxhadelsy barrel s; a housing and a

br eechbl ock, [ apd ' an j d r.of r.a ' e
operative éogmg@ gﬂgaéeb%%@\be@k(ar@naezghgS%@mﬁyag’& aﬁg g%@fnnh@h%ér}bgirrs W th
sai d kratiedbihodie oeperasiaedpbsiienhbhgsade fsleéhey dmedsilescatritigede tboforengage
with the cartridges or sleeves for urging said cartridges and sl eeves

t owar g8ambers ayith saidr BEGRSRGIANK. @qdrgﬁlg; brggghblock further includes a guide to

engage with the cartridges or sleeves for urging said cartridges and sleeves towards
15  said corresponding barrels; and
a firing mechanism for initiating a propellant charge in one or more of the

cartridges supported by cradles in the operative position.

2. The belt-fed machine gun of claim 1 wherein the guide includes a
20 camming surface to urge the cartridges and sleeves into sealable engagement with a

barrel.

3. The belt-fed machine gun of either claim 1 or claim 2 wherein the

breechblock and the housing are formed as an integral member.

25
4. The belt-fed machine gun of any one of claims 1 to 3 wherein the inner
wall of the housing is shaped such that it tightly engages the sleeves to form a sealed
chamber at a firing station.
30 5. The belt-fed machine gun of any one of claims 1 to 4 wherein the

chambers are formed by the housing engaging the sleeves and the linkages

therebetween.



a firing mechanismfor initiating a propellant charge in one or nore of the
cartridges supported by cradles in the operative position. 2. The bfgt-ﬁﬁﬁﬁ
machi ne gun of claim 1 wherein the guide includes a 20 canm ng sur LY
ur ge thé9%8W9Pﬁﬂbes and sl eeves into seal abl e engagenent WrtAUAZO0KAtrel . 3,
The belt-fed machine gun of either claiml or claim2 wherein the
breechbl ock and the housing are fornmedqas an integral menber. 25 4. The
belt-fed nmachi ne gun of any one of clainms 1 to 3 wherein the inner wall of

t he housing ks sh h AR t l.ee . a
seal ed chamer aﬁ’ﬂgdqeﬁgfeﬁg%g?éﬁeogﬁ g@@"ﬁ%%’%ﬁm%ﬁ 9&%%?%&& @uéngg@eany
one of @ AitAE fdrrh@f4 ¥A@Nehichiulges enoBeidgayy mitd QeERbIO¥ENEAGeMRHS With the
engagi ng the sl eeves and the |inkages therebetween. WO 03/044443 17 1 9 MAY
2006 Poarreldorfiongo4 6. The belt-fed machi ne gun of any one of claims 2 to 5
wherein the guide is in the formof a camwhich urges the cartridges into
seal abl e engagenent with the barrel for firing. 5 7. The belt-fed nachine
gun f any ope of Tekahak-fdd trﬁa&umégg@ rcbftehg ofikadf efifise1f @y Bedhareifhienel s
in the external surface of a cylinder. 8. The belt-fed nachi ne gun of any
one of ¢fasilgrsare fosmpdviechannalhin therexewal audaethapadyiiodennformto the outer
profile of the sleeves. 10 9, The belt-fed nachine gun of claim1l or 8
wherein the barrels are nounted on a frame for circunrotation about an axis

of r ot ation.gl0. The Bekied Qﬁaéﬁﬁ@igﬂﬁ] Q#'rlar@?f oﬂ@)/opﬂ%iﬁﬁfs_ ¢l @ PSwhetdnSthe
wherein the 15 barrels nmounted for  circunrotation are in the form of bores

i n a cytiadtes aer shapnd tar corfernitothe duter prefile of the ekevashi ne gun of any one
of %aims 1 to 10 wherein the

9, The belt-fed machine gun of claim 1 or 8 wherein the barrels are

mounted on a frame for circumrotation about an axis of rotation.

10. The belt-fed machine gun of any one of claims 1 to 9 wherein the
15  barrels mounted for circumrotation are in the form of bores in a cylinder or tubular

section,

11.  The belt-fed machine gun of any one of claims 1 to 10 wherein the

cradles circumrotate about a common axis with the barrels.

20
12.  The belt-fed machine gun of any one of claims 1 to 11 wherein each
barrel has a corresponding cradle with which it is coaxially aligned such that the
barrels and cradles may circumrotate in unison.
25 13.  The belt-fed machine gun of any one of claims 1 to 12 wherein the

sleeves include a frustro-conical nose that engages a corresponding tapered portion

on the adjacent barrels.

14.  The belt-fed machine gun of any one of claims 1 to 13 wherein the

30 sleeves are constructed from a material having thermal insulating properties.



cradles circunrotate about a common axis with the barrels. 20 12. The
belt-fed nmachi ne gun of any one of clainms 1 to 11 wherein each bgrrel has a
corresponding cradle with which it is coaxially aligned such that tShAY 2006
barrel s Y EHddtdes may circunrotate in unison. 25 13. ThePGBAUORBHMHachi ne
gun of any one of clains 1 to 12 wherein the sleeves include a
frustro-coni cal nose that engages a corﬁisponding tapered portion on the
adj acent barrels. 14. The belt-fed machine gun of any one of clains 1 to 13

wherein the 30 sleeves are constructed froma material havi n% t her nal
i nsul ating prbpert T B8, beit-tedvmacihues guacrioany ne of rtgimsud2io 13sphetgin e The

bel { - { ecyBBRlY Ber Ul S AR LRI todidd WACELRbIRK SAFRUGRRF

as heat - O renove excess rom the breechbl oc ousli n

sai d gunof saidg@unThe bel t-fed machine gun of any one of claims 1 to 15
wherein the belt acts as a thermal insulation so that the heat is renoved
fromthe chanber with the sleeve and the cartridge. 17. The belt-fed

machigne gun. of e a0y A6l ALk b ILalfBhE!dt BARIL B1o 10 hBEFRE Y

i ncl ude an inte ore correspon tapere on Of “each

cartri dgscts 3& 8 thermbali idgamtieacdo thutlthdineat & psropeed iffem thenshurabéewitham@ a
detonator enclosed in a casing. 18. The belt-fed machi ne gun of any one of
cl ai ms 1Sleevelandiilee spArig@e. 15 sl eeve extends al ong | ength of said
cartridge. 19. The belt-fed machine gun of any one of clains 1 to 18 wherein
the sleeve encases said cartridge. 20 20. The belt-fed nmachi ne gun of any

one of clai ms17 t OTRAQ bakeredimathite grmféfrérqag@n@dﬂtmﬁnsbey@n@ wheran&geh sfai d
sl eeve and said cartridge having a follower for engagenment with the guide

on & d theesleBpeDdRCiudepRBVNtESNAl bard wgrasperRAinghicck tanejed perdios| ebwachnd

the car tof doel nbo; SeRlARke SNRARNRNNGY LB’ Lebrodeht ant's B8bhals?

machi ne gun any- one
enclosed in a casing.

18.  The belt-fed machine gun of any one of claims 1 to 17 wherein the

15 sleeve extends along length of said cartridge.

19.. The belt-fed machine gun of any one of claims 1 to 18 wherein the

sleeve encases said cartridge.

20 20. The beit-fed machine gun of any one of claims 1 to 19 wherein the
cartridge extends beyond the end of said sleeve and said cartridge having a follower
for engagement with the guide on said breechblock to provide a caming action which

urges the sleeve and the cartridge into sealable engagement with a barrel.

25 21.  The belt-fed machine gun of any one of claims 1 to 20 wherein the
cartridge includes a tubular shell having a bore a plurality of projectiles axially
disposed within the shell for operative sealing engagement with the bore of the shell

and discrete propellent charges for propelling the respective projectiles.

30 22. The belt-fed machine gun of any one of claims 1 to 21 wherein each

cartridge contains a coolant for release after the projectile has been fired.



cartridge includes. a tubular shell having a bore a plurality of projectiles
axially disposed within the shell for operative sealing engagenent9 WAt s he
bore of the shell and discrete propellent charges for progel | i n& t he
respecti VB 3P6i*ttiles. 30 22. The belt-fed machine gun of CAMWEREYf cl ai ns
1 to 21 wherein each cartridge contains a coolant for release after the
projectile has been fired. 1 9 MAY 20049 WO 03/ 044443 PCT/ AU02/ 01504 19 23.
The belt-fed machi ne gun of claim 22 wherein the propellant is detonated

and t he bull fi t fir flri S i , a sgecon Lking:
station, a ?gconﬁlgni%teftgfgpoﬁ#cgl%%s@%t ‘2%!:33"31 2? Wﬁ%ﬁ"ﬂ h@‘ cﬁ?ﬁt”%lgédﬂ. 'S 24.
The bel Yef@dte®aRtnpe HiMedfired at MRt MingZRatibRTRID) dt REsEQMNPNfing Station, a
conpressed gas. 25. The belt-fed machine gun of any one of clains 1 to 24

wher ei nsaepneinitiationgelaasesdshattoerandfronmthepeaitédge.and the cradl es is provi ded
by an electric notor 10 26. The belt-fed machi ne gun of claim25 wherein the
notor directly drives the barrels and the cradles 27. The belt-fed machi ne

gun ®f clai M35 wigeehét-fée nigitiie euaagrslatme22 bp JmwrRrsinafie ebadingss a
t hrough a drive mechani sm said nmechani smincluding gears selected to

provi decampsessesdddampeed of rotation and torque 28. The belt-fed machi ne gun
of claim27 wherein the drive nmechanismis adapted to provide sel ectable
speeds of rotation such that the rate of fire of the gun 20 is selectively

variabl e. 29p5The Theltelf R mMBeRindegEHof Sy BRY 0P tkaidls T t@PARvHereth dBvaviGr ei n
the firing mnmechanismfor initiating the propellent includes electrical

act uat i eicumpetation Thiheplanrels andtheriradleg s poivided by en electricanatorl to 29
vvheﬁ)ﬁi n the plurality of substantially parallel barrels include first and
second sets of barrels arranged concentrically with respect to one anot her,

said first apd segpatbheiefc @i‘achb@rgr@% 8f BRVNZE WReREiRt theemetadiasctigndtives
cooperating breech blocks. 30 31. The belt fed machine gun of claim 30

f ur t her theneanglsmpdathararadlesor circunrotation of the sets of barrels.

27.  The belt-fed machine gun of claim 25 wherein the madtor engages the
15 barrels and cradles through a drive mechanism said mechanism including gears

selected to provide a desired speed of rotation and torque

28. The belt-fed machine gun of claim 27 wherein the drive mechanism is
adapted to provide selectable speeds of rotation such that the rate of fire of the gun

20 s selectively variable.

29. The belt-fed machine gun of any one of claims 1 to 28 wherein the firing

mechanism for initiating the propeilent includes electrical actuation.

25 30. The belt fed machine gun of any one of claims 1 to 29 wherein the
plurality of substantially parallel barrels include first and second sets of barrels
arranged concentrically with respect to one another, said first and second sets of

barrels having respective cradles and cooperating breech blocks.

30 31. The belt fed machine gun of claim 30 further including a drive for

circumrotation of the sets of barrels.



1 9 MAY 2006 wO 03/044443 20 PCT/4U02/ 01 504 32. The belt fed machi ne gun of
claim 31l wherein the drive is arranged for circunrotation of t he! §iMiggilget
of barrelgs,i ,firection counter to that of the second se f rrels. 5
33. The bvg 't()ﬂ?géﬁrrachi ne gun of any one of clainms 30 to BZL%&Ué’?ﬁ’T%e first
set of barrels are formed as bores in a cylinder and the second set of
barrels are forned as bores in a tubul2p section 34. The belt fed nachine
gun of any one of clainms 30 to 32 wherein the first 10 set of barrels is

confi gured f og; fi rRY i folr ABENIFR U B8ERIh 31t ARbrélh thBIrRRCRNHr SRS P tor
' circumrotation of the first set of barrels in a direction counter to that of the second set

of barrels.

5 33. The belt fed machine gun of any one of claims 30 to 32 wherein the first
set of barrels are formed as bores in a cylinder and the second set of barrels are

formed as bores in a tubular section

34. The belt fed machine gun of any one of claims 30 to 32 wherein the first
10 set of barrels is configured for firing different cartridges to that of the second barrel

set.





