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PRESSUSE RELIERP SYSTREM PO GUN FIRED CANNON CARTRIDGES

CROSS-REFRNENCE TO RELATED APPLICATIONG

Thig aspplication is a continuabion~in-part of the U.8.
Patent Application FVo. 123/R75,.402, filed Septesmber 3, 2010,
and entitled "Pressurs FBelief System For Sun Filred Canoon
Cartyridges.” This application also oclaims priscity from
.8, Provisicnal Applicarion Serial Vo, S1/7233% 484, filed
Sephenmber 3, 200%, entitiled "Fressure Relief Bystem For Gun
Fired Canncon Cariridges:;” the aforsmentionsd U.8. Pateant
Applicaticn Serial Ve, 13/875,408, filed September 3, 2018,
antitled "Frossurs Relief System For Gun Fired Cannon
Cartridges” and ¥, 8§, Frovisional fpplication Serial Ho.
§17653,800, filed May 31, 201Z, entitlsed "Prassurs Ralief
Systam For Gun Fired Cannon Cartridges,” all of which

applications ars incorporated herein by reference.

BACKSROUND OF THE INVENTION

The praszent invention ralates to high veloseclity avtoamatic
cannen and weapon munitions having 8 prossure rsliaf

systam.

1.8 Introduction: The term “Insensitive Monitions” refsrs
o & gensric body of nunditicas knowledge that includes
guidance practices, regulations, technology, methodolegies

and standards for complying with the following ohisohive:

s eunsure, te the esxtent practicable, that munitions
wnder developmant or procuranant are safe throughout

development and fielding when subjsct to unplaamed



WO 2013/180739 PCT/US2012/055371

stimuli. IM arve those munitions that relisbly fulfill
their performancs, readiness, and operational
raguirements on demand, and that minimize the
probabilivy of dnadvertent dnitiation and the savewity
of zubseguent ceollateral damags ko weapon platforms,
logistio systems, and psrsonnael when subjected te

selected acoidental and combat thresats.?

Insensitive Muanitiong {(PIM”} technology inolades new
anargetic materials with less sensitivity to unplaanned
stimeli as well as mechanical and functional designs that
mitigate the undesired reactions against such wnplanned
stimuli. Two key IM tests reguired by the US Dapariment of
Dafenss in gualificaticon of ammunition are slow woeok-off
and hobt cock~off kests wheve the asmunition is expossd to

Fires and the resulis ars documented,

New manition designs should mest the standands fov reducing
the risks of unplanned stimuli creating s catastrophic
avent. There havs boen various developmesuts of seo~called
Ypregssure reliaf” systems or Yvenbing” devices for

contained explosive and rocket motors.

Pressure relief systems in muniitions, subjesct bo unplannsd
gtimuli such as elevated ambient temparabtures, must agt
haeforg the upplanned stimali indtiates an unaccepiable
hazard. For amsunition, the snaccspiable hagard is
initiation of a primer that ignites the propellant leading
o separation and flight of a projectile. In & worsht case
sosnario, the flving projectile arms and detonates. The IM
veanting systems work by venting the propallant , thershy

reducing the afficiengy of propellant combustion {(burn} and
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praciunding the flight of projentilas. Any such prassure

velief system must net interfers with tha normal
Funotioning of that cartyidge {(munition} when fired from a

Ffamily of avtomatic weapons.

Different seolubions fox venting devices or pressure relief
systems for IM spplications have been designed, tested and
applied to a variety of mundtions, be thay ordnanam,
rockets or missiles. These selubtions include concepts of
melting plugs alone or in combination with burst disks,
mamory alloy fastaners or xings, as well as detonating
cords and active venting devices using shaped shavges, sebo.
Many applications of the concepts described have been

daveloped on smuniticas ranging from grenade carbridge
ases, rookat motor zasss and artiliexy projsctile bodies,
to fuses and warheads. However, few such concspls have
heen applisd to gun~fired munitions and even fewer relate
o tachoology that ddzables smpandition propulsion systems

in response o IM stimuli.

1.1 Prior &rt: The prior art in this fiald of Isnssnsitive
Munitions inoludes a number of articles and patents that
are xoalevant to the present dinvention. Typical of such
pricr art is the U.8. Patent No. 5,838,188 to lubbers and
an articls “IM Solutions for Frojsobilss Crimpsd to
Lartridges for Artilliery Application -~ Phase IX, Transition
from Cartridgs Caze Veanting to Insensitive Propellant” by
Carl J. Campagnucle, Christine M., MHichisngi, EBEdward G.
Tarsine, Christine 0. Knobd, William J. Andoegws ~ NDIA

ITMSEM Syaposium, May 11-14, 2008,



WO 2013/180739 PCT/US2012/055371

The Luabbers U.S8. Patent No. 5,836,18% discloses a cartridge
munition used with rapid-fire weapons of medium oaliber
{sbout 40 mm} . Many suclh cartridges ars yeceived into a
belt that is fad to the rapid-fire wesapon. The propulsion
chanber in some carbtridgs casse bypes ars divided into a
high~pressure chambsy {(dnbo which the propulsive charge i3
placed) and a low-pressurg chasbar that is connected with
the high-pressure chamber wvia exhaunst apervitures. The
sartridgs cass and projechtils ave wmechanically connected
via s central threaded connescticn that includes an intended
braeak point. Other twoe chambsr designg {such as the US
ME3L propulsion) use the age-old technigue of orimping a

cartridge to & prodaciils.

When the propulsive charge is ignited in the high-pressure
chamber by swans of a priser {(igaiter, the propulsive
vharge burans and propulsive gasas ars cveatsd at high
rrassure that than act on the projechtile base in both
chambars. This drives the projectile out of the cartridgs
cage, after the brasak point beotwpen cartridge cass and
projectile is broken. 3 similar cartridge mundiion is

dascribed in Lubbsrs, U.8. Patent Ho. 4,882,038,

The U.3. Pakent Mo, 7,107,90% and U.5. PFatent Publication
HNo. 2008700068178 31, doth to Hasselich, disslose anotheyr

poncept for venting pressure from the cartridge case of a
cartridge munition that renders the cartyidge’s propulsion

inoperable.

Rotwithstanding these refersncss, howsvar, the pressurs

raliaf concepts disclosed in the prior axrt geoerally
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connern devices for relsssing prassure from warheads and

rovkaets .,

1.2 Current Concepbts and their Limitations: Most priox
art refersnces describe venting convepts for rockebs,
misgiles, mortay rounds and grenade projectiles. None of
tha disclosed solutionsg provides both {1} wveanting

projactils carbridge cases in a way that sexves as {2} &

%

sound soloticon that iz vegable across 8 speobowmm of
antomatic canpons and weapons. duntomatic weapons and
annons generally fire high veloocity cartridgess such as
12, 7om SIAP,; madlium saliber APDFE projscobiles where
significant hesat and pressures coour. The reguirved
containment of prossure in 8 caviridge case varies Frowm
weapon o weapaen. For aubtomatic weapons, heat is induced
{transfearred) into the sarteidoge cass ag the ammuniticon
progresses through sowmunition handling, which includes
storagse, feeding, chambering, functien fire, ejsction and
gxtraction. In this sase, the cartridgs case must survive
intact throughoult the entire operational oyole. Largs
caliber projectiles {artillsry and tank}) five from fally

wontained hreach mechanisms.

1.2.1 Venbing of Cartridge Cases: Veanting devices {(IM
plugs) with metallic melting plugs in the bass of the
cartridge, such as that described by Hasselich in U8,
Patent No. 7,107,809, are well suited for low internal
pragesure cartridges fired from a singls shot 40mm law
valocity weapoen liks s MI03 launchar. In this sort of hand
fead wespon, the ammunition {1} does not underge stressful

ammuniticon handling {(feeding, chambaring, extracstion ox

ajactiond, {2} is not exposad to high bhreach chamber
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tempearaturaes, and {3} is pot axtracted inside of an
avboasatic weapon. The selution described by Hassslich
provides adesguate strength as the pressures arve low and the
breach provides good conbtainment and physical support of
the cartridge case. The Haeselich design wtidlizes one or
wore naked metallic melting plugs made of an alloy
conbination of bismuth, tin {or leaad). MHanufacburing
controls of the metallurgy providse for a consistent low
tenperature melting point {aroend 1408°CY . As the metal
alloy approaches its melting peint, the meliing plugs lose
their strouctural strength and cannot withstand the internal
prassure of the high velvcity projectile in the normal
operation mode of the round (Funchbion fire froawm an
avtomatie weapon chamber). In addition to or ianstead of
the uss of biswmuth, tin {or lsad), the ssliting plugs may
use polymers. The ase of aither bdsamuth, tin {or laad}

alloys may be substituted with vertain polymer plugs.

Nevarthaless, in most avtomatic weapons and cannons & naked
malting plug {as a method for creasting a vent) does nob

provide:

{1} adeguats struobtoral integrity o the cavitridges
case.  Straetural integrity is particulsely lwmportant as
somer carvtoidges ave exposed to heat during ssmunition
handling {storage,;, fesding, chambarimy, funoction firve,
axtractiocn and sjection}. During an avbomatic cannon’s
ammunition handling procsss, heat will soften fusible IM
plugs and additional structural integrity is lmportant in

most automatic wespen/cannon spplications:
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{2} solutions for waapons where heat induced by
function firing s cavividge will cause the plug in a
carbridge case to disintegrate and foul the fesdiang of

WRAPONS 7

{3} for precluding the escape of gases through the
malting plug din the breach {or bolt). By preventing the
breach melting condition, daansge to the bolt face {ox

braach block}l is prevented; andiov

{4} optimizing the physical ssparation betwemn the

primaer {igniter) and the propellant.

In sany casas antomatic weapon and cannon ammunition
handling include dwell times that reguire cavirvidges to
underge an exposurs to heat and even undergo chambering in
& hot bhazrel. Therefore, an sffsctive IM vent must
function where antomatic five has heated the bolt and
chambear to nesar the tomperaturs o which soft meatal
{biamuth, tin or lesad) or a spesoific plagstic polywer
undergons 8 phase change to & liguid. When a phase changs
metal or polymer is used in non-fusidble bursting plugs, ths
cartridge case can retain sdeguabte stractural integrity
{support) as the outer walls of the carirzidge cass ars
supported by the weapon chaxber. The reasr of the carikridgs
case is btypioally supporbed by & bolt that chambsrs the
carbridgs into a chamber {or breach}). Seals and the
gesmetric configuration can pyovide integribty to the
cartridge walls whils the melted metal or polymer is in
compression. This configuration, an oxsapls of which as
illustrated in Fig. 16, allows the liguefised metal ox

polymer, sneapsulsted by a aon-~fusibds material, to provids
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structural iptegrity as bthe IM bursting plug, while Iiguid,
i in comprassion during fanction fixe. Copverssly, when a
cartridgs with the IM vent described herein is heated in an
unsupported siteation {(not in a bresach or held by a bolt},
the IM wvents will burst as intendesd as the liguefied metal
or polymer will not bs comprassed against the metal suefacs
of & weapon and the unsupporbed bursting plug lacks the

structural integrity o coptain the propellant bunn.

Whan using mamory matals, a pavallel design challenge
cpours. The heasted cartridge and IM vent using senovy
metal {whers it is held in oowmprsssiosn by the auvtowmabis
cannen’ s chaxber and belit) must provide adeguate struchtural

integrity to provide for function £ire.

In addition to functioning in the chambesr of a hot weapon,
the caviridge case and IN pluyg must allow the ammunition to
function properly through the entixe automatis weapon oyals
{storage, feeding, chambearing, function firxs, axtraction
and edection). It iz important that, afier sxiraction, the
IM vant deoes net disintegrate in the auntomatic csnnon ov

weapon .

It iz also benaficial to configurs pemory mebtal rings ox
bursting plugs ithat houvss an igniter {primer}. In
confignring & “suppert component”™ L0 house the primer, &
designer can configure the primer to optimize physical
separation prioy to or praventing containment reguired to

sffectively ignite propallant powders.

1.2.2 Automatic Weapon Types, Desire for Common

Ammunitions firsd from differsnt Avtomabic Weapons, Pasak
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Operating Pressure, Integrity of Cartridges, Variations in
Weapon Braachss and Canopon/Gun Chambers: There are
gignificant differences in the design integriby of weapons
chambers and breaches. Additionally, ammunition handling
gsystam vary from weapon type to weapon type. Medium
Calibsr ammunition fires from:

¢ Rlow back weapons

¢ Open Bolt weapons

#= Gatling Gans

= Browning Gun Mechanisms

¢ Run Oub Gun Meschaniswms

# Chain Hun {(Cannons)

¢ Gas Fead Cannons

Some weapons cowpletely lock the smmunition into sealed
brasches, while other weapons may rely on the integrity of
the cartridge cass to partially contain the propeliant
gases. Chain guns and Satling guans can b both {(self
powaraed gasirenoil) and electrically operated. The
internal pressurs that higher velacity chambers and
cartridges must acoommodate daring normal operation is in
the order of 420 Mega Pascal or higher. Fig. 1 shows tha
burst pressure insids the carviridge caze of a 30mm munition
az a fanotion of time, Seansvally, the higher the isntsrnal
prassure, the more likely the ammuniticn will five from a
sealed breach. A bolt fraguently rams the cartridgs into a
shaxber or brsach providing some structural suppert toe the
base of the vartridge cassa. Under thase circumstances, the
ammunition may have zome dwell in the hot chamber for an

avtomatic weapon,
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The design relstionship (design conztrainis) amnong the
breach, chanbeyr and gartridgs case variss from weapon ko

weapon . However, most avtomatio weapons have the following

%

taps of in amumnition handling (SFCFFER) -

tap | Time | Antomatic Eeat Condition Dw £ais

g Bwemani s

s :

Waapan Handling and Operation

Funotion Fire

s  Storags

¢ Feeding

« Chambwyring

# Fuanotion Firve
+ Extraction

¥ Eischion

The following Table desoribes steps &6 generally used in
antomatic canncn feeding syshtams {operabions) . The design
eriteria for steps A-D entail the cartridge case providing
adeguate strength and integrity to provide good sealing and
Funation in the cannon’s chamber, Once firved, the design
regquirement shifis in that the “heated” IM plug must retaln
adegquate stroctural integrity to preciude disintegration of
the IM pluy {spilling the melited contents inte the weapon} .
In the casse whers a mamory alloy {or s six of melting plug
and mamory alloy) iz provided, the IM plug must not

disintegrate.
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"ﬁigﬁsura af
Bommnition to
heat in an
ammnnition

hox {(Hoks 13}

If cutside a vehicle, smsunitics |
ox is bhaated by the sun. If
inside a vehicle heat from

vahicle aperating componants
freguantly transfer hsalt to

cartridges in an asenaition bhox.

Fasding oF

Rmmunitiog
into a8 harasach

P As ammunition nsars the

chamber of a wasapon, components
in the ammunition handliing systesw

transfer heat into a cavitvidge.

X
&

T3

Ammunition
dwall in a
chamber op
bolt face
{saes note
hraach

consbtruction}

Closed holt / breach designs
chambar a cavtridge where that
carbridge can be in a ready
position waiting for funchion
Fire. In this condition, haeat
{from prior cartridges fired}
will heat a carbtridge. With open
bolt designs a carbtridgs case is
abttached o a bolt face. Fox
racoll opsrated weapons,
azgmunition, bolt and brsach move

in & synchronized fashion.

Faagtion Pire

Tha digndtion of propealiant
trangfoars sigonificant haat intko

the cavbtridgs case.

Extrackion

ARumanition handling systbems
gxtract the spendt cartridgs from
the sariridge case. &t thas
point, the caritridge cass is a
hoat sink carvying a hot spent

carbtridge from a wsapon. Tha
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cRTLr foross

as it g raxwved from the woapon

and wmechanical components sxbrach
the cartridge case via various

well known axmunition handling

methodologias

¥ TH- | Edechion Smmunition iz ajscted from the
TE waapon., It is gensrally

desirable that the smwmoenibtion
does not disintegrate in a manner
that wonld foul the weapon ox

oreate a safety DonosTn.

G TH~ | Collemotion of | The carbridge cass oovols as it
7 Speant  movesz through the alrx and lodgas
Cartridge against a conler smbient surface.

V¥ . o e
Lasan

Nobe 1 During step T2-T4 wariocus breach designs heavily
influanve the reguired stractural strength of a cavtridgs

cRBe.

Note 2@ Incresasing beat is transfsrrad to the peoiectils
and gartvidgs case as the ammunition undergues smmanition
handliing (Steps A~C} in an antomatic weapon. Funcbion fire
{Step D} imparis & significast aeunt of heat into the
cartridge case. The cartridgs case’ s structural shtrength
reguired for Steps A-D depends on the design of a bhreach
construction. The gtruobtural intagrity after firing {(Staeps

E and F} must preclude disintegration of conponants in an
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autonatic weapon that may affect weapon function,
Additicnally, depending on the location whare spent
cartridge cases ars collected, it may be desirable that

debris is sinimized so usars may wish that gpent carbridge

cases do not disisntegrate even after sjention.

Hote 3: In Steps A~C the cartridgs case should rebain
adeguats structural integrity uniil funcbion fire whers the
projectila separabes from the cartridge case venting gasss

and propelling the projectile.

Hobte 4: In Step D the caritridge case should rstain adeguate
structural integrity so that IM plugs {suppoxritad by the
chamber or breach walls or bolt face) do mot fail. The IM

plugs should not fail in cuompression,

Wobke 5:; In Steps ¥ and ¥ the cartridge case no longesr must
retain the strength of strnobural integrity reguirsd up to
funotion fire; howsver, the cartridge should still retadn
adeguate structural integrity so that the plug doss not
Ssintegrate as wndergoss the ammunition handling steps of
extraction and ejsckion. Further, it is very important
that meltad plug material doss not adhere Lo wesapon
components whers 1t could foul the weapon or oxeate

stoppages.

Nobe 6: In Step § it is generally desivable that spent
cartridge cases retain thelr integrity so that are easily
collected for disposal. The disintegrstion of materials

could oreate hazavdous edges and surfaces.
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The variation in weapon designg and nead for avtomabic
carnen and waspon amsmunition capabls of bedng fired from a
broad compatibility in multiples weapon types. This
genarally reguires thal a cartridge case retalins varying
degrees of struotural integrity as it uwndergoes ammunition
handling. For NATO countries, antomatic wsapon and cannon
caliber ammunditicon is gensrally identified as asmmanition im
the Ffollowing diameters: J0me, 2%mm, 30mm.  Some produchs
like the 13 .7mm (.50 owl) and 40om AGLs ars gross-oveyr
waapons that can be described as heave sachine guns. In
some cages, differsnt cartridge case lenghihs ares applicable
to differant calibesrs. The following parsgraphs provide a

summary of the principle cannon weapons in US/RATO:

1.2.2.4 B0 pal (12, 7mm): The famous .50 cal family of
woapons is one of the oldest designs s3till in widespraad
use worldwide. Twe weapons dominate ths marvket.

Weapons/Cannoens Figing 12 Tmm ¥ 8% Ammunition

Weapon | Weapon Type ' Rate of Fire
Mosenclaturas {Bovnds Fer wninmutel

M2 Browning Raoosil Operated P AR0~635

GAU 21 (M3 Recoil Operated 6000 rpm

1.83.2.3 I0mm Cannons: Twoe bypes of osrbtvidges dominate

the 20mm canmon market; namely, 20mm x 182 and 2fen x 138,

Wespens, Cannons Firing 20mm X 102 Anmunition

Waapon Waapon Typs Fatae of Firas
Homaenolature {Rourde Pex minute}

M187 Gatling Gatling Gun T30 rpm
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MNomenolaturs

Weapon Type |

&

a1 AR

{Founds P winubsd

KAD Oerliken

{formerdy the Wispano-

ey S er L T al
Suiza 8BS E20}

Rasz or Blowback

MASZ GTaAT

Delayed Blowback

TR0 rpm

MK 20 Rh 2428
Rhainmetall

Gazx QOparated

S80~1, 000 zpm

2

1.8.2.

fire from many different types of Weapouns canunons

differsnt heat profiles,

handling syvstens.

28mm Cannonsg:

25mm like most cannen calibers musth

with very

dwall times and ammunition

W@épmn

Homenclature

' Waapon Typs

Rate af Fire

{Rounds Poar minated

MI342 Bushmaster

Chain Sun

2005030 rpm

FAU-12 Bgualizer

Gatling Gun

18460 ~ 42300 rom

Oarlikon RBR BO2BL

{Bheinnstall}

Gas~opsrated weapon

208~500 row

GIAT 25M811

Externally Powersd

Cam Arrangament

125400 rpm
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1.2.2.3 3t Osnnons: 30nm weapons provide a usafal
gxample of the desire for stasdardized amwmunition {within
BATOY that guides ammunition design. There are bwo bypss
of 30wen cannon cartridges in US Dol servics 30me x 173 and

I%mm x 113,

Weapons/Cannons  Firing 3Cas x 173 Jomunition

Hate of Fize

apan Typs

{Rounds Fer minutel

Gatling Gun 4200 v
Chain GSun {200 fgm AAAAAA

Gaw Oyégat&d Wasapon uﬁﬁémgém

Bheinmeball 30-1/

In many gas oparated weapons {like the Rhednmetall 30-1/2)
proper venting of gases is paraspunt to operation of the

WRAPON .

Weapons/Cannons Filxdng 30mm x 113 Jswmunition
Weapon Weapon Type Rate of Fize
Nonenclature {Bounds Par minute}

JDEN MR4 Recoil {electric primer) 1200~1700 zpm

&

MI30 " Chain Gun 1825 rpwm

1.2.2.4 40mm AGLs:  40mm Auvtomstic Sranade Launchers
{2GLs) like the MELIR and ME4AT are crosswover weapons. 4ew
AGLe de not firve with the snergy »f cannons, but the
waapaens do fire smmunition at a rabe of fire of 250375
rounds per minuts. The MEI® that uses an open bolt with
advanced primer ignitieon only the part of ithe un-chambered
sartridge provides structural integrity. &n MRET7, firing

the same carbtridge, is a shori recoil operating system
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firing from a closed bolt. Thevefors, the MKIR & cvartridge
cage raqQuires greater stractural integrity for firing than
the MER47 as the cartridge case is not fully chasmbered at
the time of primer ignibtion. &n MK4E7, on the othey hand,
firves froam a olosed bolt {at a2 slowey rabe of filrs) so
swmunition fired from the MR47 has a longesy dwell btime din a
heated chamber {byresach)}. It iz alse important to realize
that some weapons {(like the MXLS) Jdo not automatically
aisot the last spent carvividge vass on a belt {the last
cartridgs remains on a hot bolt face).

Weapons Fiving 40wmm x 83 ﬁu:ammra:i_‘ti‘miim{High Velooity 4 O

MELD Blow Rack / Open Baolt 328375 rpm

{advancsed primer ignition}

MK3T Closed Belt

HSK | Blow Back / Open Bolt

{advanced primer ignition}

1.2.2.% Ammunition Stasdardization for Avtumatic Carmonsg
and Weapons: Ons should sote, as illustrated in the tables
above {.50 cal, fmm, Z253um, 30w and 48 AGLs), that the
waapon rabas of fire vary greatly within cach ammunition
caliber family. NATO standardization iz discussed below in
paragraph 1.3, With the large variation in xates of firs
amonyg antomatic weapon families, one will recognize that
the heat produced in higher rate weapons is much greabsy
than the heat produced in waspons with lower firing rates.
In an eavironment where standardizsed sswunition is regquired
o funcoticn from multiple weaspons, an effective IM vent for
medinm caliber ammanition wmust provide for {1} venting

fanctions in slow and hot cock~off, aad {2} while
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functicning acsross a spectrum of weapons with different
action times, different dwell times, whers carbtvidges
underge diffarent ¢ lcads as the cartridge cass undergoes
the storvage, fesding, chaxbering, function fire, extraction
and ejection. ¥When considering IM ammunition solubtions fox
ammunition fired from automatic weapons and cannons, the
Haasselich design, as disclosed in the aforementioned U.E.
Patent Vo, 7,107,889, is inadeguate. The design iz not
robust encugh in providing stroctaral integriby to function
from aubomatic weapons and cannons. For antomatic
cannonfweapon ammunition, the design reguirements ars

Further axplainad heredn.

1.2.3 Heat Transfers, Chamber Dwell Tims and dmmuanitilon
Randling: Sons systames, such as turrets in fighting
wehicles, often have ammunition fead systems where the
ambient “ready”? ammunition is sxposed to high tosperatures.
Many olosed {unsealed) bolt weapon designs rapidly transfer
heat inteo cartridge casss. Weapons such as the .50 gal
Browning and ceriain aritilisry types have oocok-off dangers
where hot barrvels rapidly transfer beat to thelr cavtridge
cages. Soms waapons alsoe have slow rates of fire with
axtensive dwell times in a chaxber. One should alsoe note
that the surface {contact ares) of *hot” smmanition
handling surfacss effect the heat transferred into
cartridge casss. The haabt produced by preavious salves is
transferred inte antomatic weapons. Accordingly, the
cartridge case and IM vent design swst accommodate heatb
tranafer into the cartridge pnase during storage, feeding,

chambearing, funectien fire, sxbtrsobion and ajection.
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1.3.3.1% IM Function: The melting tesmparaturs of the

meltakle metallis or polymer plugs must be eguivalent bo
the bsepaeratore inducsd by a heabting of & fire {slow aook-
off or Ffaszt cook-off testing}. Albtermatively, the use of
memory metal alloy alons or in combiastion with a3 memory
metal alloy should provide for venbting from the sartridgs
case at a tomperaturs that is lower than that of the aubtoe~
ignition in the primer {igniter}, flash tube or propsllant
charge. Heat transfer and elapsed time influencse funchion
of the IM vents. It is also beneficial {in terams of IM
gffgob} to the sxtent practicable o use the primer tw
snergetically open the vent, thersbhy contyibuting to
inadegquate containment and insffician® propellant buon.
Use of a bursting component with the metallic or polynsr
plug is oritical to providing structural integrity through

the ammunition handling procass wsed in antomatic weapons.

1.2.3.2 Projectile Sgparstion: Ancther condition is that
the vanting device must be designed o vent gas ab an
internal pressure lowey than the pressure vhich drives
prodectiles sepavration and flight of the projesctils when the
cartridge iz not chambersd {or the cartrvidge is stored in

sontainarsy .

1.2.3.3 Beat Transfer and Dwell time: Weapons differ in
thae smount of haad induced intoe the cavtridge cass during
feading {awmunition bhandling}. Hsab flows intoe the
cartridge as it undergoes storage, feeding, chambewing,
axtraction and ajection {(SPCFFEE} during auvbtomatic function
fire. The dwell time in a8 hot chamber and area of contact
gsurfaces can affect the astructural integyity of the

cartridgs cass {with IM plugs}. Bn understanding of heaat
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flow is especially lmportant in avtomatic waapons

cartridgs.

1.2.3.4 Targat IM Transiticn Peint {(tonscarrent or after
function firel: &s heat iz tranzferred at sach step of the
feading oyaole, the cartridge case {(with IM plug) neays the
point whers structural integrity will be lost., The design
goal is to insure thabt structural containment is nob lost
prior ko function fire. Failure of an IM plug in a chambsy
may rasult in eresion and will certaialy foul the weapon's
breach. For a motallic melting plug configuration, the
pricr art does not provide for adeguabe structural
integrity to underge sxtrachtion and ajecticon {witheout the
raw nelibing plug material from cozing from the caxtridge
case fouling the feeding mechanisms) . Fost-firiag
induction of heat inte & carividge case may causs the IM
plings to ddgintegrate {melit} and forl a weapon. Juickly
after funotion fire, the heat transferrved passes the phasa
transition point of ths wmeliing plug and the intesrnal
contents of the plug liguefies. The liguefaction of the IM
plug maberial results in a loss of strootural integrity
that is oritical in scme horeach mechapisms. It iz posszibls
to ubtilize an insulating metal {like zirconium}ithat provides
insulation to the IM pluyg fabricated from elther a menoxy
nebal, & nelting alloy or a combination thereof. Depending
on & combination of factors {(Gwell time, heat transfer,
maximun chanber temperabturs, for sxagplel it may be
necessary to ocomduct heat flows around an IM plng, thevshy
delayving the tims psrxiod for activation of the IM plug.
Figures 133 and 138 illustrabe this timing for memory metal

and fusible material, respectively.
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1.2.3.8 Pressure: In ordeyr to provide a oconbtaxt for the
desoription of the high loads dus to the internal prassoeres
of certain typss of weapons, and hence to understand the
raguirements of an IM venbting design o withstand these
loads, reference is nmade to Fig. 2, which is a table of
values of burst pressurses in the cartridge oasse for s

variety of wsapons and muanitions.

1.2.3.8 EBreach, Bolt Face and Function Fire: The relative
pressure, sealing of the breach, mechanical suppoert
provided hy breach and bolits, dwall tises and heating of
the cartridge through the temperature oyole all influvenoe
the reguired shragtural inbtegrity of an IM cartridge cass.
Whare a weapon haz & fully sealed breach, the breasch wall
and bolt face will provide important struchtural suppord
{eontainment}) of the cartridgs casse. In sone casas,
chambaring into a hot breach may result in liguefaction of
tha fusibkle material in an IM plug; in thig svent, the
pursting pluy must provide for adeguate struoobural
integrity {in oouprassion) so that the IM plug £1ill doss
not Fail., Faillure wounld spill smelted material and foul the
wagpon mechanisms and chamber when the Mspent” carividgs

case undargoss axtracstion and ejsction.

1.2.4 Bisk of Residue and Weapon fouling/Stoppages: It
is iwmportant to recognize that a melting plug sheould not
laave yesidue and should not melt {or otherwiss
dizintegrate}) during SFUFFREE. After function fire
ammunition undergoes siection and axtraction, the cartridgs
sast may underge significant g loads. The ddsintagration
of the cartridge during post firing extraction or ejsotion

will foul antomatic weapons mechanisms. Therefowe, it is
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desirable to have strustural integrity of a melting pluog

through the entire post firing aswmunition handling cyole
{axtraction and ajection) . There are also shortoomings to

r

the coolad “spent carvitridges’ having hazacdous rough sdgss

and surxfarnes.

1.2.58 Large Caliber Jdpplicaticns: Home large calibex
devices nse auvtoeloaders, buot many other cannoens still rely
on human oparabors o feed, chamber, extract and ejset thw
ammunition. Theve are experimental scolutions for 185 mm

Howiltzer projecitile cases using metallic and polymey

melting plugs. See, e.g. NMDIA briefing by Carxl J.

Camagnuoleo May, 2008, posted at:

wwyw. dtie. mil/adia/200%insensitive/ SRoanpagnuelo  pdf

It is possible that frlly contained brasaches that uwtilize
Hasselich vent plugs from polymers might use melbting plugs
that fully vaporize during ignition; however, it is obvious
that the naked bismiuth tin {or polymer) IM plugs will meltb
immeadiately afier ignition and the resulbting residas will

fonl chambers, breaches, waapons and complicate matevial

¥

handling., Cuorvent polymers have oscbonized wunder the high

flame tewparature of burning 1053mm propelliants.

1.2.86 Contaxt of Deasign Challenge in Aulomabtic Weapons
and new disclogsed art: The fundamental design challengs to
ingorpurates IM wenting into mediuwm 2alidber ammunition is

identification of novel arvangements that provides:

{1} Optimized veniting of the carirvidge vass whon axpoessd o

outside stimuli. It iz desired o maximize the venbting
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ares and uss the snergy of the primer/igniter to anhancs

venting;

onn;
Fih:
o

Scund struvitural iantegrity of the casrtridgs case uap to

’%s
o
o

point of igaition {in & avtomatic weapon chamber); and

{3} Retention of adeguate stractural integribty {(after the
cartridgs case is heated by function fixing} to praclude
disintagration in chamber as the cariridge case will
underge g forces whan axtragted from the chamber and
ajection from the wsapon. In this coase, the structural

integeity must preciude fouling of the weapon}.

1.2.7 Limited Application of Hasselich: In woapons with
certain characteristics, the Haeselich design does nob
provide adegquate struactural integrity veguired to precluds
catastrophia failure, venting propellant gases. The
following thres faotows strongly influence an IM vant's

design parameters for an xxmmnition type’s cartridge oasa.

{1} Integrity of Chamber: Some wsaponcannon chambers
{breaches) are Masaled” while cother weapcns Ffeed and ignite
the sartrvidge cass prior to the carividge beldng fully
chambered. This is somebtinmes described as & “closed bolb?
versus “open bolt” design when discussed in the context of
machine gun design. Farther, design of breaches provides
varying integrity. Auvtomatic cannons have varying
arrangenents and the integrity of chambering and sealing

varies across nalibars.

o

{2} Pressure and Structural Integrity in feading an

chambesring: A carbtridge’s propellant gasss gensrats high
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prassurs.  An MRIS ¥V caritridge will gensrate about 30 Mpa
of pregssurs whersas the pressure of hoth mediwm-caliber
artillery and tank assandtion variss bebwsen 3530 Mpa o 858

M.

{3} Induced Sead: The haat snergy traunsferrsed into the
cartridge from the weapon during storags, feeding,
ohambering and firving reguires an ilsproved strength of
design {(integrity! of & carvtwidgs. As the ammunition
handling systew moves the cartridgs through diffevent
stationg leading to chambering, the csaritridgs cass has
rhysical contact with ammunition handling systems and the
antomatic weapsn {cannon} chasber. The dwell tine and
contact surface area of the ammunition during feading and
chanbering affects the transfer of heat. Longer dwell
times incrvsase ths btransfer of healt into a cartridge case.
During function fire a sigoificsnt amonnd of hsab is

transferred dnte the cartridge case.

Az the cartridge case efacbion acoslerates a “spant®
rartoidge case from the bhreach and from the weapon, such
sjection carvies heat awsy from the weapon. Duving post
Firing ajection, it is desirabls to prsolade melting plugs
from disintegrating in the weapon, theveby leaving resdidue
that will foul & weapon.

{4} Low and Mediug Heat Systems: An exanple of a low heat,
low pressure, mdnimum dwell time projectils is the 40mm
MZG3. The MEIS MOD 3 system, prevalent with 40mm weapons,
ig an opan bolt design, whare the carxtridge fires in an
advance primer ignition system. Therefors, 40 W

ampmunition Fired from a MEIL MOD 2 is never chambered into
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a hot breach. Howsveyr, thse carividge may remain in the
raoady position on a MELD bholt, theraby transfesrring soms

heat from the bolt to the cavitridges case.

(5} High Heat/High Pressure Automatic Weapons: Two
sxanples of cartridgss generally exposad to a high haat,
high pressure syshem are {1) a 50 oal {12 . Tmm) Browning
waapon, {2} & 25=:m x 137 cartridges fired from the 25mm
Bushnastar series weapons and GRAU 12 weapons, and {3) 30xm
® 173 weapons firved from 3w Bushmaster weapons,
Bheirmmetall weapony and AU 12 waapons, In thas case two
different types of weapons regmirs the ammunition to
function {and the cartridge case to retain integrity} while
the smmunition ls exposed o increasing heat and under high
prassuraes. In these bwo exsmples, it iz importsat that the
carkridge case maintain adeguate structural integrity
through the antirs oycle of weapon feeding, chambering,
function, extraction and ejaction. When the carbtridge
functions, significant heast iz transferred inte ths
cartridge caze. The skpelled cartridge case garryies heatb

from the weapon.

Any atteupt to incoxporate the Hasselich IM sslution into
most mediue caliber weapon/swmmunition cosbinstions will not
work as the solution does not provide adeguate structural
integrity through the entire JFCFFEE oyale. Therefore, the
potentisl application of the Hasselich design with

auntomatic weapons is very limited.

1.2 Othsr Shorteomings of Haesslioh: The Haesslich U8,
Patent No. 7,107,308 does disclose an IM design with

sufficient structural strength to snable the cartridges to
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function adeguately at low pressures in low heat single
zhot weapons. Howgver, the dasign does not provide adeguate
structural integrity for broad spplication in avtomatic
cannong and weapons.  In addition to the shortoowmdings
identified in parvagraphs 1.2, the Haeselich melting pluyg

approach hags othsr practical shortecomings and limitabtions:

{1} The venting sreas are small, regquiring ths provision of

mulitiple plugs in a cartridgs case; and

{2} The venbting devics doess nobt provide for a physical

gepavation of the primer from the propellant powdse.

{3} The actnal procaess of igniting & csrbridge rapidly
heats a varitridgs oase. In firing, a tremendous amount of
haat is transferrsd into the now Mapent” sartridge case.
When the “heated” cartridge is sxirascted and ejscted, heat
ig carrisd away from the chamber of the automstic cannon,
T is desirvable that the Yspent” cartridge case have
adegquate structural integrity so that the naked melting
pluog does aot disinteagrate, allowing sjscbion of the
sartridgs case in 8 manner that keeps the weapon fras of
debris and materials. Splatier from melited alloys ox

ravbonized polymers can foul weapons.

Ganerally speaking, it iz pessible o ldenbify primers
{igniters) that ander heating will initiate befors powdaer
burning. In this ocuse, it iz benaficial Lo use the action
of the primer initiation to physically propel the plug
primer sub-assexrbly away from the cartridges oreating a

greater physical sopszation from the powder.
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For ths previcusly discleossd designs, it is imgoertant to
understand that bheat “buailds op? duering the fiving proosss.
Carvtridges are gensrally chambered into a weapun thalt may
have a great deal of heat. Heat is guickly transferred
through thin~walled cartridgs cases. In this case the
Hasselich solution is opiimized for 40mm W ammunition

fired from MIN3 type launchars.

While the Haesslich design has besn an important step
forward and functions with single shob, low pressure, low
heat producing pro tiles 1ike a 40nmm x 46 LV cartridge
Fired from an M79, M203, MIZ0 single shot lauwnchers ox
similar weapon, it is desived to have IM venting solubions
that allow for a broad use of cartridges in automatic
sannens and antomatic veapons. Reobust seluntions will
provide for IM venting in an savivonmsnt whors cannon
salibsr aamunition must underge stressful awmwonition

handling and function frowm many differsnt types of

avbomatic cannons and weapons. Uzers in the Unlted Btates
Dapartment of Defense and NATO militaries have

standardization programs and promulgate STABAGS {(Nation
Standardization Documanisl that provide regquiresmants fon
anmunition conputability among NATO militariss. Seansyally,
the NATCO standardization documents {(STANAGs) setb
reguireanants by calibayr and smunditicn type for funotion

fire compatibility among multipls automatic weapons.

1

Zuwani tion Type HATD Dogumeant
B cal 12 J7am Asmundtion STANAG 4383

P 28%mm » 137 Ammuniticon STRVAG 4173
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1.4 Design Obhiactives »f the Pressant Invention: Foer the
carbtridge desigper working to optimizs IM venting {in slow
cook~off amxd fast cook~off conditions), the fusibls
material mest liquefy for the IM vent o hevome
“operational.? When discussing smmunition propulsions

undergoing slow cook-~off conditicns the propesllant

¥

genarally beocomes unstabls and inidtiates the 1% gnergebic
avent. In fast cook-off conditions, ths primer {or digniter}
may initiate first snergetic svent. Geunerally speaking, the
IM event will oscouyr at lowsy temperatures in slow cook-off
testing. Ldguefaction of the IM fusible material at a
temperature in the rangs of 140°C results in a redused
structural integrity in the IM vent with busting plug. With
the 1%° onsrgetic reactios {(sither primer/igniter initiabion
or propellant burn} the bursting plug faile, venting the
expanding propelliaat gasss. One can generally sxpect slow

cogk-off initdation bto taks place after & cartridge reaches

140°¢, Better propellants could eventually incrasss the
temperatorse whare slowly hested propellants igoitbe;

howevar, the temperaturs of 140°C is identifisd herein as

the temperature range that M cartridge case should vent.

Cartridge function {(key parsmeters}:

#  Integrity of streangth up te function five;

¢ Integrity of strength {(post fHunction firel to preciude
dizintegration during extraciion and ejschion;

¢ Maximum temperabture of the cartridge through SPOFERE;

and
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® Cost effechivaes of the sgsliution.

Again, it is critical thad the design retuins adesguate
cartridge case shruotural icnhegrity through the oyele of
feeding, chambaring, fanction firve, satrachtion and ejschion
{automatio weapoen fire} . The need for struchtural integrity
artends to post funoction fire sxbrachicon and sisction bo
preciude disintegration of materials after function fire
that could lead to fouling of the wesapon {or othew

stoppagas)

To summarize, an efficisnt solution for a veanting device
for munitions, including high velooity projecitils

cartridges with high internal prossurss {(with highsr heat
conpditions found in auvtomatic wesaponsi, must achisve the
followving operating conditions in order to provide an IM

Clags V response:

{1} The venting device in the basse of the cavividge case
shonld provide the same structural integrity as a standaxd
case when it iz feed, chambered, fired, swtracted and

ejected from an avbtomatic wsapon.

{€} The wventing device should pexform ite fanchior to
axpel the gases at a3 oook off tewperature lower than the
one which produces the aubo-ignition of the sscondary
axplazive of the booster and hence the wmain propellant

charga.

{2} The venting device should psrfomm dts function,
oreating & large venting area such that the internal

pregsure in the cariridge procdiuced by an ascidental
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igaition of any of the propellant {snergstic) materials in
the cartridge never axcesds the value of the internal
prassure in the vartvidge that would cause the projschils
to separate and be propelled through the aily with

substantial velooity.

SUMMARY OF THE INVENTION

It i3 A& primary cbiscbive of the pressat invenbion o
design & Ffanily of PFrassure Relief Systems {(PRE) for an IM
cartridge cases that funetion frow subonatis weapons and

cannong which is comprised of:

{&} a cartridge case having a base and an upper porition

forming & propulsion chambern;

(b} & projectils having a base insszted into the uppsr
portion of the vartridge casse and mechanically connsobed

tharetn;

{¢} & propulsive charge disposed in the propulsicn chasbex
of the cartridge case whose propulsive gases axert a foros
on the base of the projsctile when they burn causing the

projectile to be driven out of the cartridge case; and

{} an dgniter or primer disposed in the basas of the

cartridgs case for igniting the propulsive chargs.

& furthery objectiva of the presant invention is to provide

& cartridge munition of the sbova-noted type with an
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effective and reliable solubion to wvent gases from the
cartyidge case in the evant that the cartridgs causes
temperatures reach or sxcssd about 140°C whers the primesr

oy igniter will self-ignite.

It is a further objective of the present ianvention to
provide an IM cartridge manition having a cartridge case
with structural istegrity. It iz the objective that pricy
te function firve, the cartraidge ocase {with an IM plog) has
structural integrity to funchtion correctly from a famdly of
wagapons. It is further objactive that the cartridge with IM
plug functions whan chambared into a hobt breach. Aftex
function fire, it is the objsvbive that the cartridge cass
{with IM plug} rotains adeguate structural integrity to
preciude dizintegration and subseguent fouling of automatic

WERPQNS and cannons.

It iz a further objective of the pressnt invantion to
provide alternative configurations of an IM cartridgs that
provides 3 suppord structurs that optimizes venting of a

igniter {(primer or flash tube}.

It is & still further objeotive of the present invention to
provide an IM cartridge munition wharsin the stzucture
holding ths igniber is releasad {or ejechted) when its PRE

8 activated.

Thess objsctives, as well as further cbisctives which will
becone apparant from the discussion that follows, are
achievad, in accordancs with the present invention, by
providing a cartridge munition with passages that exit from

the propulsion chamber and penetrate the wall of the
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cartridoe case. These passages aves filled with a zolid,
pregssure~tight, fusible filler material, ths melbing point
of which is lowsr than the minimum ignition tswmpevature of
any pyrotechnic charge in the munition: 1.e., lower than
the ignibtion tewmperabure of the pyrotechaic igniter chavge
and the propulsive charge. One or mors rupburadde, non-
fuszibls, pressure relisf mexbers that add additional
machaninal suppert ars positicned boatwesn the fusible,

soelid, pressure~tight material and the propulsive chargs.

The rupturable support or relief mowbers ave preferably
positicusd adjacent the fusible filler material; that is,

baetwaen the fuzible fillsr material and the propulsive

charge or propellant. Mors speoifically, the fusible
filler material iz sither “vapped” by, or Yeaolosed in” a
non~Fasiblie material of the support or relief membwer, such
as a disk, a oap, or an anmular ring. The resulting
assembly, that is, the non~fusible mebtal ralisf nember and
the fusible filler material, provides a useful soluticn to
suppert ths propalilant, when appropriate, but presvanbts
unwarranted ignition of higher pressure types of

ampoanition.

The pressure relief members (unsupported bursting plug ox
memory mebal reaction reduning strustural support) ars
dasignaed to fail vwhen the lﬁ'gmﬁxgatie evant followad hwy
the 2™ snergebic event in a wsll-vented configuration. Fox
slow cook~off testing, propallant self~initiation will
sreate the 1°° snsrgebic event followad immediately by
initiation of the primer. For fast oook-olf tests, the
primay may initiate befors the powder. In thess

siroumstances, the relisef newbwrs facilitate venting of
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propallant gases either {1} to prsclude separaticon of the
projecitile froam the sarviridge case or {2} to sigoificantly
reducs the snergy (veloveity) of a projectile. This
disabling characterisiic pravents inadvertent fuse fanction
{because the “sebt-back snergy” is inadeguate o provide for
fuse funcotion), which prevents detonation and precludes
possible loss of lifs. The fusible material is preferably
a fusible netal or polywsr. Such fusilde metals that arve
nseful according to the inpvention include alloys of bismuth
and tin., Lead oy allovs therveot, ete., may alsoe be usad.
New polymers such as polymide start to melt at in the
aonrvect range. Whesn ooupled to a burstiang plug the
polymaer or metal plug a practical, prodooibles IM vent with

adeguate structural integrity.

If a osrteidge of the type described harsin is heated to
the melting tempsrature of the fusidble material ox metal,
for example, to about 140°C, then the fusible material in
the passages within the cartridge case, that connsct the
propulsion chaxber ©o the outside, wmelts. If the
temperature coptinuss to increase and the primer {or
ignitaer) and subssguent propallant chavgas ars ignited,
then alwmost no significant pressure will build up within
the propuision chanmbsr because the freed passages funchion
as pregsure-reliasf aperbures. The result is that afteyx
primer initiaticn, the propellant {propulsive} charge
burns inafficiently, and the propulsive gases gesnsrated
ascape via the pressurs~relicd apevtures. lonssguently,
tha cartridge cases and projectiles ars not sspavated from
sach othey, s that the projsctile does not £ly.  Fox

ammunition with fused ammunition, the failure to fly from
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the projecitile wmeans that and safe arm devices {in
oparational fuzes) o not engage and move detonators {(dn
flying projectilel into aligmsent. Therafors, bthis
propulszion disabling concsept precindes the inadvertent high
order detonation of ejscbed operational projactiles.

The passages betwesn the propulsive chargs and the outside

of the cartridge cass may be configured in wmany different

%
fig
¥
%

For axample, the housing ©f the igniter oap may be
made of such a fusidble materisl oy wetal. Alsc, pressure~
relief aperturss arcund the igniter oap may be fillad with
the fusible material. Either two or four aperbures avrs
racomanded for one embodismesnt of the invention. Ancthew

option is bto provide spsriures from the propulsion chambsz

penstrating the sidewall of the cartridgs case.

Howewsr configured; the passages and ruptureable mexbers
wust e s5¢ shaped and configured se that, during a noxmal
shot of the projsctile cub of the carividge case, ths
fusible material and non~fusible rupiureable mambers
withstand the high prassures within the propulsisn chamber.
Resistance to prassure nay bs increassd by configuriag the
passages for the fusible material to be conical, decrsasing

toward the subtside, oxr as stepped or throaded hales.

In one preferrad exbodiment of the invention, a8 cartridgs
munition comprises 8 gagse projsciile inserted into the
cartridys case and mechanically connscted to the cartridgs
shall, vherein a primer or pyrotechnice propulsive charge is
Iocated in a pxayﬁlaiun chanbayr of the cartridgs case that
igs ignited by means of a pyrotechoice igniter, and whose

propulsive gases axert a force on the bass of the
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projectile when they burn, by means of which the projectils
is dyviven oubt of the carviridge cass. Passages sxit from
the propulsion chamber through the cartridge cass that ave
filled with a fusible, solid, pressuve-tight materisl whosse
malting tespesraturs is lower than the igniticn hemperabtures
of the pyrotechaice igniter and tha propulsive charge of the
prodaectile. AR leazt one non-~fusibls, rupbtureable mewber
1z positlonad between the fusible, solid, pressure~iight

material and the propulsive charge.

In another smbodimesnt of the cartridge munition of the

imwantion, the fusible seolid maberial is a fusidble metal.

In ancther smbodiment of the oartridges munition of the
invention, fusihle material is an alloy of at lsast bisauth

and tin.

In ancther embodiment of the cartridge munition of the
inventicn, fusible material is polyser having a moelting

point aboub 140°0.

In anothar sabodimant of the cartridgs munition of the
invention, the fusibls material is & biswmubbh/tin alloy with
from about 30 ko about 48 % by weight of bhismuth and from
about &0 o about 70 % by weight of tin, having 3 wmelting

point of from about 140°C to abeutn 175°0.

In anothey swbodiment of the cartridge munition of the
invention, the passages are chaansals that sxtend from the
base of the propulsion chamberx to the oubter bass of the

cartridgs cass.
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In anocther embodiment of the cartridge manition af the
inventicn, the channels ars positiconed around the ignitew

of the propulsive chavge.

In anobl

ar anbodimant of the cartridge munition of the

invention, the channsls narrow as they progreasz from the

base of the propulsion chamber to the exit,

in avncother embodiment of the cavtridge zanition of the

invention, the chamnals narvow gonivally.

In another asmbodiment of the invention, ths chaanels are

stepped deililiangs.

In ancthar aabodimant of the cartridge sunition of the
invention, the non~fusibds, ruptursable mesmberz are disks

or caps or they comprisse an annulay ving.

3

In ancther smbodiment of the cartridge munition the

P
o
?

invention, each non~fusgible, ruphturesable nambayry iz mads of

a thin wafer, svorsd ov weakenad.

In ancother smbodiment of the cartridge munition of the
invention, each nen-fusible, rupbursable sexbsy i mads of

wvotal or of & rigid polymeric materisl.

In another sobodiment of the cartridgs munition of thes
invention, the metal is oopper, stesl, stainless steel,

aluminum or brass.
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In asnother embodiment of the vartridgs moniblon of the
invenhticn,; the polymeric materisl iz a polycarbonste o

clystyrane palvmer or ocopolymer thereod.
¥

In ancthay sabodiment of ths cartridgs munition of ths
invention, at lesast one of the passages exits from the
propulsion chamber through a sidewall of the caxtridge

QRBG

In another embodiment of the cariwidgs menition of the
invanbion, the raptureable nember comprises a solid
material with sufficient strength to sustain nermal
Function fire {(from suvtomatic weaponsl at tempesrature

anvironmants encountered up to the point of chanbering.

In another ambodiment when the cartridge sention of

invention rsaching & tempearabure ramwgs a phase change of

fusible material or shape change for manmwmry mebtal creatas
3 ¥

5

an absencs of mechanical suppert.

In anotheyry cexbodiment of the cartridge munition of tha
invention, the raptureable mesber comprisaes a solid
saterisl that has been modifiad o prevent sustaining
normal operating pressares in the absenos of additicwmal

machaniaeal support.

In another cabodiment of the cartridge munition of the
invention, the rupturcable nember comprises a selid
material that provides struchbural integrity to the
cartridge case {after the fusible material melis or mamory

metal activitiss) so that the cartridge cassa doss not
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dizintegrate in during avtomaitic cannon axtraction,

ajaction.

In ancther sambodiment of the carbtridge munition of the
invention, the ruptursabds momber iz made from the
cartvidge casing mabterial by incowplste penetration of at

least ona passage exdit.

In aneother exbodiment of the cartridge muasition awcording
o the invention, each passage is filled with & pressure-
tight assembly comprisicg a solid, non~fusible rupture disk
or oap that is mechanically reinforced by a fusible, smolid
material wvhose melting temperaturse is lower than the
ignition temperatars of the pyrotechnic iganiter and the

propulsive charge of the projsctile.

In another embodiment of the csrbridges munition of the
invention, the pressure~tight assembly is yomovable by

~

threaded or other machanical maans.

In still another saobodiment of the invention the oay

munition includes a prasgers releass system having means
for retaining the igniter in the base of the cartridge
case, and relsasing it, allowing the propulsive gases to
vant, if they reach an slevated temperaturs, lower than the
dgnition temperaturs of the igniter and the propulsive
charge, and prassnt a risk of self-igriticon. According io
the inventicn this retaining and releazing meany includes a
rataining »ing nade of shapse nomory material that surrounds
the primar {or igniter) and changss itz diamebter upon
reaching the slsvated temperaturs, thersby snabling sasy

o

separvation of the igniter frowm the base of the cartridge
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case.  This retaindng ying can sithesr reduce its diamelter
wpon attaining the eleavabted temperature or incrsase ib,

depending upon the material from which it is made.

Acanrding to 8 preferred sxbeodiment of the invention, the
praegsure relsase system further comprises a primer {or an
igniter) sypport surrcunding and holding the primer {ax

iguniter) . Tha rotai

ning ring surrounds and rebaing the
igniter support in the base of the cartridge case and
reloagses the igniter support upon reaching the elevated

tamparaturs.

In this swbodiment the retaining ring is sdvantageously
supported, in part, in the hase of the cartridgs cuze by a
fusible, solid material that maelts at the slesvated

teparature.

Additicnally the pressuve releass sysbewm Durther includes
at least ong ring-shaped nut, having szxbternal threads
configured o engage with internal threads in the bass of
the cartridge case, which sarves bto fix the retainding ring

in the cartridge base.

Advantagaously, heat flow in the carbridge munition is
directed arcund a venting IM plug by use of mirconium ov &
similay metal with low hast traunsmission propsriies which
provide for delayed weakening of the plug while in a hot
barrel. In soms casss, this delay is usefal to prescinde
digintegration of the ocartridgs case in some waapon

combinations.
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Finally, in still anothsr exbodiment of the present
invantion, & nemory metal riang is inserted hetwesen the
cartridgs case and the preojsotile to whichk 4t is oximped.
The memory metal rving sxpands on heating, dislodging the
projactils from the vartvidge case and thus prevenling
undesivad or accidental discharge of the projsctile at
alevated tamparatures. When the munition is chamberesd the
ving is unable to expand and the cariridge is prevenbted

from separating except by firing through the barvel.

For a full understanding of the pressnt invention,
reference should now he made to the following detailed
desceriptiocn of tha preferved smbodimenbs of the invention

as illustrated in the acoompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGE

Fig. 1 is a graph showing the burst pressure inside the

cartridge case of a 30mm munition as a fanction of time.

Fig. 2 iz a tadble of wvalues of peak pressures in the

cartridge case for a varisty of weapons and wmunitions.

Fig. 3 ig a longitudinal ssction through & tarvtridge
munition consisting of 8 projectile and a carbtridgs cass
that incorporates a propulsion chaxber with a propulsive
chargse whersby, according to & first sabodiment of the
invantion, a non-~fusible ruptursabls member and proessure-
ralief sperturss are provided hetween the propulsion

chamber and the subter wall of the oarbtvidge case.
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Fig. 4 is a paritial represgentation of a second smbodiment
of a cartridge munition according to the invention wharsin
tha prossurse relief apartures extend to the lateral

surfaces of the cartridgs case.

Fig. 5 is a partisl reprasentation of a third smbodiment of
a cartridge munition acoording to the invention wharein the
prassure relief apesrtures extend to the lateral surfaces of
the cartridge nase. FIG., 58 is an enlarged rspresspitation

showing detail thereal.

Fig. & is a paritisal represantation of a fourth embodiment
of a sartridge muniiion acoording to the invention having a
FRS conprising a shaps memory alloy ring subedded in
malbing material. Ths ring is designed te contract upon

reaching an elevated release tompaeraturs.

Fig. 7 is another reprassatation of the fourth smbodiment
of Fig. 6 illustrating a first phase in the process of

ralsass.

FPig. & is ancother reprssentation of the fourth esmbodiment
of Fig. & illustradting a second phass in the provess of

ralaase.

Fig. 28 iz an asssubly diasgram showing part of a fifth

smbodiment of a2 cartridge munition according to the

invention having a FRE comprising a shape nemory alloy zing
N

without maelting material. The ring is desiguad to expand

upoen reaching & release temperabure.
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Fig. 10 is another representation of the fifth cabodiment
of Fig. 2 illustrating the nommal configuration of the PFRE
and the configurations thersof in the fivst and sscond

phagaes of releass.

Fig. 11 is a representaticn of the sixth aabodiment of the
invention illustrating the normal configurvation of the PRS
and the configurations thereof in first and seoond phases
in the provess of releass, This cxbodiment includes a shape
memory alloy ving, without melting material, which is

designad to conbtrachk upoen reaching a relsass taanperabturs.

Fig. 12 is an osnd view of a rebaining ring showing
lengitudinal grooves symmebtyically arranged avound the

outside surfaces.

Figs. 133, 138 and 13C are time diagrams showing the
tamparatnre of a cartridge case and the responss of nemory
metal, IM plug and phase shift material, respeschtively, in

an IM vanting systenm acoording to the present inventlon.

Fig. 14 is a creoss-sectional view of a saventh preferred
ambodinent of an IM vent ascording to the invention.
Figs 153 and 158 are cress-sechtional visws of an eighth
praferred embodinment of an IM wvent accorxrding to the

invention, both befuore {153} and during {188} venting.

Fig. 16 is a cross-ssctional visw of a ninth preferved

sumbodiment of an IM vent acoording to the lavenbtdon.
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Fig. 17 is a oross-saational view of a tenth prefsrved

anbodiwent of an IM vant according te the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The preferrad eanbodiments of the present invention will now
be describaed with refersnce to FIGS., 3-17 of the drawings.
Tdentical elements in the various figures ave designabed
with the ssme reference numerals.

A, Conposite Melting Plug Preszure Relisf System {MFRE7}:

& partridgs manibion 2 shown dn FIG. 3 comprisas a
projectile 4 and & carteidgs case §. Cavtyidgs case 6
includes a propulsion chamber 10 in which a propulsive

charge 12 iz positicnad.

Cartvidge 2 possesses a caliber of from 40 mm, for sxaaple,
and iz fired from a tube weapon {not shown} whare the
barvel has rifling {(twiszd}, the purposs of which is to
augage the lans and groves in the barrel sxerting &

rotation on the projectils {indicated onlyl.

Fropulsive charge 12 is ignited pyrotechnically by means of
an igniter {or primer) cap 30 whareby igniter {or primex)

cap 30 is mounted in the center of the base 32 of cartridge

Passages ars providad botwesn the propulsion chambesr 10 and
bage 32 of cartraidgs case §. Hers, conical channsls 34
decrease in size in the direction of basse 32 of cavtridgs

case &, Channels 34 possess a diameter of 7 am for a 40
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mm-~oalibar projectile, for exsmpls, and narvow down to

about & mwm.

By way of example, two, thres, or four channels 34 are
provided, symmetrical to the central longitudinal line ow
axis of projectile 2 and to igniter cap 30. Channels 34

are positionsd symmetrically avound igoaitex

I3
o]

w33,

Passages 24 ave filled with a fusible mebal 38
A ruptursable or frangible disk or osp 3BA is positicned

hetwaen {1} the Fuzible meital 38 in the channels 34 and ()
the propalsive charge 12, and another disk or cap 388 iz
positionad at the outer openings of the ohannels 34.  Each
disk or cap 383 and IBB provides sxtra support for ths
Fusibkle metal 3¢ in the channels 34. This is especially
japortant in the case of a high pressure munition so that
fusible wetal remaing intact pricy to an inoreased

temperatures condition.

The fuzible metal 36 i, for example, a biswmuth/tin alloy
with from about 30 to about 40% basmuth by welight and from
asbout 80 to about 70% tin by wesight. Dependent upon the
blend, the melting point of this alloy is 148°¢C. The alloy
ie dmpact-resistant and nob scluble in water. Commercially
availlable sclder alloyvs such as INDARLILT® 255, & biswmuth-
lead alloy, and INDALLOYE 281, a bismuibh~tin alloy, both
proeducts of Indium Corpovation of Utica, WY, asre useful as

fusibkle metals acceording to the invention.

The fusible metal 3¢ is cast ints channals 34 aftex

appropriate heabting., Alternatively, ocondcal givets ave
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made of the fMasibkle methal that are then driven oy sorewsd

inte channels 34.

Digk or oap 38 is intendad to fail when mechanical support

is ramoaved, that is, when fusible maberial 386 melbs. Disk
or cap 38 eomprisss a metal or other rigid material, such

as a polymeric material, that is adeguate for containment
of propulsive chargs 1& in the absence of fusible material
38 melting but then is zcored, weaksned, or othsrwise
designad to fail when fusible material 36 melts. Ths cap
preciudes the alloys {that may beoome szoft after cartridge
ignition) from welting and fouling the wsapon. Sulitable
materials for annular disk ox cap 38 include, bub are not
Jdmitad to, metals such ag ooppsr, stesl, stainless stesl,
aluminwn, ov alloys thersof, such as brass, or certain

poelycarbonate or polystyrene polymers or copolynses.

Propulaion chamber 10 i3 bight and pressure~resistant
toward the axbterior by means of fusible metal 36 so thab
cartridge 2 may be fived from a tubs waapon in the same way
as & convantional cartridge. The combination of the
conisal shape of chasnels 34 and annular disks or ocaps 38
pravents fusible metal 3¢ frowm being forced from channels

34 by the high pressure in the propulsicn chamber.

2z mapntionasd above, whean the ambient tomperabture nesar the
cartridges rises to from about 140% to aboub 1I7%° €, as the
result of a fire, for sxample, then fusible wmaterial 36
within channels 34 melts, fresing thewm., When the
temperature of the igniter cap 30 then continues to risse to
abova about 220° €, it ignites, alse igniting propulsive

chargs 12. The propulszive gases, crosted when propulsive
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charge 13 burns, may be diverted without conssguence
through aach disk or cap 38 and free channels 34, so that
ne pressure may build up within the propulsion chawber, and
tharefore propulsive chargs 12 is also not triggersd.
Cartridge cass § and projesctile 4 further remain
mechanically connected via the thrsads 84 and 28 so that no
major damage can ooour due to neither the high pressure nox

o separation of the cartridge case 6 and projesctile 4.

FIG. 4 i a schamatin repressentaticn of a partial cross-
sscobional view of a vartridge caze € reprasanting another
smbodimant of the invention. Channels 34 with fusikds
naterial 28 extend radially to the outer pavimeter 42 of
cartridge cass &, Disks ovr caps 38, or optionally an
annular ring comprising the relief newmber {(noet shown}), are
positioned bebtween fusidble metal 36 and propulsive charge
12.  In this swbodimsnt there can be from two to four

chamealis 34 symmetrically arrangsed arcund cartridge &.

FLE. 5 is a partial schematie ropresantation of a thard

swbodiment of the invention. In the base 30 of cartridgs

case & sach oylindrical channel 54 with thresds 5§ veceives

a cylindrical ianssri 60 having reciprocal threads 62. EBach
aylindrical insert S0 has a coaisal inberior shaps te

i

recaive fusible material &8, Also, cach oylindvical insert

o

&0 has a regess &8 that accommodates & non~fusible,
rupturs-able disk 70 and & sealing O-ring 72. When
oylindrical ingert S0 iz sorewed into position within
sylindrical channel 54, sealing O-rving 72 will ba daformed
and disk 70 will be seslingly adiacent propulsion chargs

12. The arvangemant shown in detail in FIG. SA.



WO 2013/180739 PCT/US2012/055371

47

In this cabodiment therse can be from hwo to four channels

54 syvmmetrically arranged avound cartrvidge cass 6.

The cartridgss in Figs. 4 and 5 may also be firsed in the
same way as a conventional high velecibty cartridge. In
cage of five or similay problewm, the function is the same
as deseribed in connection with Fig. 3.

It is slso possible, of courss, to use other low melting
point materials as fusible material 3¢ instead of the
bismuth/tin alloy mentionaed as long as it is stroog anough
to seal the pressure-relisf channsls coupletely so that a

noymal shot is possible from a tube waapon.

B. Combinad Shape Memory Slloy Ring and Composite Melting

Flug PRE:

Inssansitive Mundtions {"IMY} techuclogy is demsnding
invovative solutions in pressuve relief systems {(“"FREY} to
mitigats the hazards of syplosion {(blast}) and kinetig
affects {(high velooity fragments) dus o wunexpected svents

definad in IM policies,

Acoonrding to the proassoad invention an IM PRS has buewn
developad for a projectile sartridgs using smard matevials
{inciuding 3 shape memory alloy) in combination with a
melting support plug thab achisves the varvious objantives
of the iovention as wsll as the three cperabting conditiocas

daescribed above.

This IM PRS carbtridge has besn designed for o 30 mm high

pregsure munition as a veference case. It should be
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amphasised that this PRS concepit, as descoribed below and
illustrated in Figs &~12, creates a most challenging design
problen for this projectile carbtridge, due o its
geometrical constraints as well as the pressurs vavriations
from burst pressure bto the pressure acting in the carixidgs
sase gubtside the barrvel in the event of unssxpected thermal
stirmuli that would normally causs to the projectile to £ly

AWAY .

It is evident that for large caliber projectiles, this
conecept ig less demanding from the point of view of

stresses and geomsiyriv oconstraints.

Fig & illushtrates this PRS dasign,

with the main componanits

thereof ldsted and identified in the figure.

Thisz PRY design comprises an asssmbly of & carbtridge cass 1
holding, by means of a support 2, an dgniter {£iash tnbe
and/or primerd 7 and 3 propellant 8. The PR amploys s
shape pemory alloy {contraching) ring & and a conposite

maeliting material plug 4 and is thersfore referred to havein

asx & “gombined PRY .Y

As shown in Fig. & this coxbined PRE is assswbled using th

following components:

{1} A& contragting ring 5 {made off a shape memory

allov):

(2} & meltdng mabterial pluyg 4 (made of a cumposits

materiall;
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{3} & ciroulay support & surrouwnding and bhelding the

igaiter 7; and

{4} Ring-shaped zupport nuts I and & that restain the

assswbly within the cariridge cass.

For normal operation the internal pressure in the caviridge
cage is withstooed Ly the assembled set of components of the
PRR. The oparational pressurse is transferred by sheax
forces acting on the contracting ring to the frontal nut
and throagh the melting material plug to the rsar nulb.

The PRS is thus abls o maintain the integrity of the

prassuxe chamber.

When exposed toe a specific haat rangs {above the noxrmal
handiing and opsrating range and below the auto~ignition
temperatursl , the composibte material gplug 4 melts allowing
the contrachting ving % o conitracht against the clrcular
suppaort . Fig. 7 shows the cartridgs in this stage of

opwration.

The manmory metal of the ring § contrasts producing a
maechanical fores that saxpels tha assexbly. The expelled
assaenbly oreates a large venbting duckt. &s the temperature
rigses, subo-ignition oocurs and gases ave venbted frowm that
duct, preveanting tham from propelling the projechtile and
causing it to fly away. This stage of operation is shown in

Fig. 8.

When the sxpsliled assenbly creates a vent at the reayr of
the cartridge, the igniter {primer or flash tube} incoresases

its physical distance from the propallant. This physiaeal
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separation provides for a more pradictable auto-ignition
seguengs and the physical separabtion further reducves bthe

prassure of propellant gases.

The trigger temperature for the PRIY iz determdined by a
thermal simnlation model using compubtaticoal mechanics,
uging ax inpnt the hoat flow rate provided in the standards
for the fast and slow cook-off tests. The shape memory
alloy composition cap be customdized to oconbtract at that
speoific tomparature and conseguently will nobt sufifer any

oticeable chaags in it

3
i

geonatric dimensions dus to bthe

increasing heat flow until that tewmperature is reached.

In the preferred smbodiment of this combdned PRE, the

following materials ware employsd:

{1} Suppoert & and nuks 3,6 stesl;

{2} Melting material 4: polvamids raiaforvced with high

strength fibewrs; and

{3} Memory alloy oontracting ring 5@ bitanium-nicksld

alloy.

The cartridge case and projectiles ware made of comventional

materials.

In ordar te verify this design concept and the component
gaeometyy as well as the material szelection, a fiaite
alement model was developad and the stresss and styain were

saloulated.
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2% in the

The results of thess btests show that the stres
components are below S0 MPa, which is compabtible with the
ultimate tensile strongth of the salscoted materials {steel,

mamory alloy and coaposite materdal).

Calovlation of the stressas and ddsplacemsnd of the
complete PRE and the cartridge cuse for the sast demanding
load case, which iz the sormal opsration of the sunibions
with a peak internal prassure of 460 MPa, demonstyates thatb
the maxinom Van Mises stresses on the ring are under 200
MPa .

¢:  Shapwe Meawowy RIlloy FRS Rings:

Two cothar designs complete the family of FRE fowx

mediuwm/ high pressure cartridge cases acscording to the

invanbion.

The FRE designs descoribad below are intendad to be used in
cartridge cassy which ave less demanding for structural
integrity than the one describad above and referrvsd to as
the “oombined PREY using both & shaps nemory alloy ring and

maltinyg cowposite material plugs.

In thess additional smbodimenits a shape memory alloy (5MA)
ring 5 4is located as a struchkural part ldioking tha
cartridge case 1 and the support 2 which is relesaszed in the

avant of an anexpescted thermal stimulus.

Ong ambodinent omploys an expansion fastensr ving {Fig. 103
and the other uses & contracting fastener ring {(Flg 14

survsunding the support 2 for the pximer 7.
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In both designzs the SMA ring § is triggsyed to sitherx
axpand ox contract, vespecobively, at a specific tempesrabare
according to the resulits of the thermal simulations fox
fast and slow oook off envivonments. At the elsvabed
ralease temperature, the expansion {or contraction} oraates
a vent in the cariridge case. Auto-ignition ignites the
propellant {(or primer ox flash tube}l and the vent relesases
the hot gases. Conseguently the cariridge sase doss not
contain the rapid cxpansion of the propellant gasss lsading
o projectile separstion and flight. The snergy is imparbed
inte ths projectils and dissipated, precluding flight of
the projactils with the warhead and minimiziang demage to

the launch platform or stovage location.

Pigg. % shows the elements of thesae twe alternative
subodiments in perspective visw, In the asscciabted item
list, the number 4, veferving to the “meliing material,” is
inciuded in ordey to provide the same numbsring as in Fig.
&, despibe the fact khat in thoze apbodiments there ig no

coppusite malting matexial.

The fastener rings are designed in both cabodiments with
four grooves, az shown in Fig. 12, in order to hoald the
ring in the propar position and guide it to move in the
right direschion when it is sopanding or contracting,
respactively, not allowing a potential interference that

could prevent the PRE from releasing fyesly.

As in the case of the sebodiment of Figs. &8, thesa FRE
smbodiments a0 create a large venting area when compared

al
with other solutions for IM veniting.
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Figs. 13&, 138 arse time charts showing the cartridge cass
temperature during the seven auvtomasbtic weapon firing staps
A through &G, az set Fforth and syxplained in the “Rackground
of the Invention® ssction above. Plg 138 shows the
activation time of shape mewmory alloy while Fig. 13B shows
the activation time of IM fusible pluy saterial: that is,
in both cases when the IM vent becomes operational. Piyg.
130 is a time chart showing the IM wveant activity upon heat
axposure during a cook~-off test, sither a slow or fast

aoak-~aff.

As may be sesn in Figs. 138 and 138, heabt is rapidiy
transferrved from the wesapon o the caritrvidge cass, bub the

muenition is fired before ths IM vent has time to avhivabe.

Fig. 14 is a ddagram of another sebodiment of the pressanbt
invention, sisilar to that of Figg. 5% and 3A. In this
aexbodiment the cartridge case is provided with btwo
ruptnrable metal disks 1031, cus at each cpposite end of the
fuzible material 102 in sach venting channel. This
arvangement provides additional structural strength and
support o the cartridge case and prevents lesakage of the

fusible mabterial at alevated towparatures.

Figs. 153 and 158 show still ancbther soabodiment of & FRS in
2 cartridge cass. Fig. 1538 a ring of shape mewmery alley
surreunnds and retains a primer at the base of the
carbridge. When heated to an elevated temperabturs
{approxwimately 140°CH, the ring expands, ysleasing the

primer, as shown in Fig. 18B.
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Fig. 15 iz a diagram of still another exmbodiment of the
prasent invention, similar to that of Figs. §, & and 14.
In this smbodiment the fuzible metal or polymer 202 in eagch
vanting channel is surrounded by non-fusible materisl 201,
This arrangement slso provides additicnal structural

integrity to the IM bursting plug snd prevents leakage of

the fusibls material at elsvabted temparaturss.

Fig. 17 shows still another smbodiment of a munition 210
with a vartridge casse 12 crimpsed to a projechtile 214, &
mamery maetal ring 316, disposed bebween the cartridge case
218 and the projectile 214, s2yxpands on heatinyg, soparating
and dislodging the projectile frowm the carividge case and
thus preventing undesired or accidental ddzcharge of the
projactile at elevated tempesratures. When the munition is
chasbarad in a barvel the ring 218 is uanable to sxpand and
the cartyidge is prevented from separvating except by firving

through the barrel.

Tha PRS family described hersinabove provides an imporibant
contribation te IM compliant btype V respouse in IM

munitions developwmsni.

Thers hasz thus bsen shown and deseribed a novel cartridgs
munition which fulfills all the objects and advantages
songht therefor. Many changes, modifications, vaxiations
and other uses and applications of the subjesct invention
will, howsver, bescowme apparent te thoese skilled in the axt
after considering this specification and the acoompanying
drawings whioh disclose the preferred ambodiments thersof.
211 such changes, sodifications, variations and cother uses

and applications which de not depardt from the spdrit and
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soope of the invention ars deamed to be cowversd by the
inveantion, which is to be limited cnly by the claims which

Ffollow.
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What is olaiwmed is:

1. 3 certeidge munition comprising a cavtoidgs oass

and a3 projectils inserted into the cartridge wase and

mechanically connected theretyo, a pyropellant chaygs

is dispogad in & propulsien chamber of the cartridge casze
that is ignited by seans of an igniter oy primer and whose
propulsive gases exert a foros on the hase of the
projactile when they burn causing the prejectile to be
driven out of the cartridge case, and vhevein at least one
passage exits from the propulsion chamber bthrough the
cartridge case that is substantially filled with {1} =
Fusiblse, solid, preszsure~bighit saterial vhose meliting
tengerature is lower than the ignition tauperaturss of the
pyrotechnic igniter and the propellant chargs of the
projectile, and {2} at lsast one non-fusible, ruptarsable
ingensibtive aundticn {VIM?) plug newber posibioned hehween
the fusible, solid, prsssure-tight material and the
propellant charge to provide additional structural
integrity to the cartridge case.

2. The cartridge munition of claim 1, wherein the
fuzible solid saterial is abt least one of a fusibis metal

and a polyner.

2. The vartridge suniticn of claim 1, wherein the
fuzikle solid material iz a Fusibls meatal sousisting of an

alloy of at lecast bismuath and tin and basmuth and lsad.
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4. The cavtridge munition of claim 3, wherein the
Ffusible wmetal iz & hismubh/tin alloy with from about 38 bo
about 48 % by weight of bismuth and from about 60 to abaonut
T8¢ % by welght of tin, having a maiting point of aboub

14070,

&, The cartridge munition of claim 2, wherein the
fusills solid material is a polymer which has s meliing
point of about 140°¢C.

&. The cartridge sunition of claim 1, wherein the
passages are channels that ewtend from the hass of the

A

propulsion chamber to the outer base of the oartridgs case.

7. The cartridge munition of claim §, whersin the
channels avre positionad arcund the primer {or igniter) of
the propulsive chargs allowing for physical separation of

the primer from the propsllant.

3. The cartridge munition of clsim §, whersin the
channels narrow as they progress from the base of the

propulzion chamber to the outer base of the cartridge case.

9. The cartridge suadtion of claim 1, whevelin the IM

plug mamber is a disk or cap.

10, The cartridges munition of oladwm 1, wheorein the IM

plug mapbar forms an annular zing.

131, The cartyidge mandtion of claiwm 1, wherein the I

plug member is scored oy waskensd,
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12 . The cartridge munition of olaim 1, wherein the IM
plug sebar is made of at least one of & metal and a wigid

polymarie material.

12, The cartridge sunition of oladm 12, whevein the
IM plug mesber is made of a metal coosisting of at least

cne of coppsr, shesel, stainlsss steel, aluminum, and brass

14. The cartridge munition of colaim 12, wherein the
IM plug nowbar is made of polymeric material consisting of
at least ong of a polycarbonate and polystyrense polymsr or

opalymar thereod.

18, The cartridge munition of claim 1, wherein at
least ong of the passages axiis from the propulsion chamber

through a basg {sidewall} of the cartwidge vass.

18. The cartridge mandbtion of claim 1, whersin the I
plug menber comprises a solid material with sufficient
streaghh to sustain structural iotegrity through normal
operating prossuras of a feeding, firing, sxtrastion and

ejaction oyols.

17. The cartridgs mandticn of claim 1, whsrein the IM
rlug mesbher is zo configured that, when heated during
firing and undergeing extraction and sjsction, it doas not
disintegrats in a macaey that ocould foul a weapon o wmalke

the weapon difficult to olean.

18, The cartridge munition of cladm 1, wvherein the
strength of ths W plug manber is weakensd st highay

temperatures to allow for venling.
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18, The cartridge sunition of olaim 1, whersin the IM
pluyg membar comprigzes g solid material that hasz been
modified and configured to retain structural integrity
during normal operating pressures in the absence of

additional mechanicel support.

20, The cartridge sunition of olaim 1, vhersin the INM
plug mexbear is made fyrom the carbtridge case matexrial by
incomplete psaatration of at least one passage through the

carbridge case.

23. The ocartridge munition of wlalw 1, wherein each
passage ig filled with a prossuve-tight assenbly comprising
an IM pluy monber formed of & solid, non-~fuzidbls ruptucs
disk or cap that is mechanically renforced by a fusable,
solid material whose wmeliting tempsrabture is lowsr than the
igunition temperature of the pyxotechnic ignitsr and the

propulsive chargs of the projscitils.

2Z2. The cartridge sunition of claim 18, wherein the
prassura~tight ssscably is removable by threaded or other

machanical means.

23, The carviridgs munition of claim 1, whesrvein haat
flow is dirscrted around the IM plug membsr by a metal
shield having low heat transmission propevties, thereby to
provide for delayved weakending of the IM plug sexber while

the mundition ig retained in a hob barrel.

24, The cartridgs munition of clasim 23, whevedin the

matal shisld is made abt least in part of zirconium.
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2H. & narbtridgs munition comprising, in combination:

{a} & cartridge mase having a hase and an uppar portion
Forming a propulsion chamber;

(b} a projectile having a base iansavhed into the uppew
vortion of the caritridge case and mechanically connsobed

thareta;

{} a3 pyrotechnic propelliant charge disposed in the
propulsion chaxber of the cartridge cass whose propulsive
gases sxert a foros on the base of the projectile whan they
burn causing the projsotile to bhe driven ougt of the

carvtridge case; and

{1} & pyroachnic igniter o primer disposed in the basws of

33
the cartridge cass for igniting the propellant chaoge;

the improvament wheredin sald cartridge sunition includes a
prassure release device for venting propulsive gases from
the propulsion chambwr of the cartridge case 1¥ an slevated
ambient temperature, lower than the igndtion Lomperaturs of
the igniter and the propulsive charge, praseants 8 rask of
self-igunition, said pressure release device having means
for reiaining the igniter in the base of the csrbtridge cass
and for ralsasing the igniter thersby lsaving an opening
the base of the cartridge case when it reavhses said
alevated temperature, said retaining and releasing means
including 8 retaining ring sade of shape menmary material
that surrounds the igniter and which changes its diamster

upon reaching said elevated temperature, thersbhy enabling
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segparation of tha igniter from the hasse of the cartridge

CRBE .

26. The cartridge munition of olasim 25, wherein hsat
flow is divestesd avound the prassure releass devics by a
metal shield having low heat transmission properties,
thersby to provide for delayed separation of the ignitex
while the sunition is rstalined in a hot barrel.

27. The cartridge munitieon of claim 26, whersin the

metal shield is made at least in part of zirconiuam.

28, The cartyidge munition of claim 25, whorsin sald
retaining riog raeduaces its diameter upon reaching said

alevated tempesraturs.

2%, The cartridge munition of claim 25, wherein said
rataining ring increases its diameber upon raaching sald

glevated temperasturs.

30, The cartridge sunition of claim 3%, wherein said
pressure raleass system further coaprises an igniter ox
primer support surrounding and holding the priwmer ox
ignitey, and whersin said retaining ving surrounds and
retaing the igniter support in the base of said cavitridge
case and releases said igniter sypport upon reaching said

alavatad temperaturs.

21, The carbtridgs munition of olaim 25, wherein said

rataining ring is supported, at lsast in part; in the hase
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of the cartridge case by a fusible, seolid material whose
nelting temperaturse is lower than the ignition tampavaburs
of the igniter and the propulszive chargs.

3% . The cartryidge munition of elaim 35, wherein said
pregsars ralease system furthey includes ab lsast one ying-~
shaped nut having external threads configured to engage
with dinternal threads in the base of the cartridgs case,
said ring-shaped nut belnyg adapbted to fix zaid retaining

ring in said bass.

33, & carbtvidge munibtion comprising 3 sartridge case
and & projestils insertad inte the cartridge case and
mechanically connscted therebto, whearein a propellant charge
i1x digposed in a propulsion chawberx of the cartridge oas
that iz ilgnited by meanz of an igniter or priwmer and whose
propulsive gases exardt a force on the base of the
projectile when they burn causing the prejectils o be
driven out of the saritridge casse, and wherein at least one
vassage exits frowm the propulsion chambesr through the
cartyridge ocase that is substantially £illed with & fasible,
solid, pressurs-tight material whose melting temperature is
lower than the ignition temperatures of the pyrotechnic
igniter and the propellant charge of the projectile, the
improvensnt wherein the fusible material in said at lsast
one channel is surrcunded by non~fugible material forming
an IM pluy mecbay positioned adiacent the propallant charge

to provide additional structural integrity to the carvtridgs

34. & cartridge munition comprising, in combination:
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fa} & cavitridge case having a base and an upper portion

forming a propulsiocn chamber;

{h} & projeoitile having a base iluserted inte the upper

portion of the cartridge vasws and mechanically connsobed

(=} a pyrotechoico propellant charge dispossd in the
propulsicn chasbar of the carvitridge case whoese propulsive

gazes sweart a foros on ths base of the projacstile when they
burn causing the projsctils ko e dyiven oubt of the

carvtridge case; and

{d} & pyrobechnic igoiter or primer disposed in the base of

the cartridgs case for ignibting the propelilant chargs;

wherein said cartridgs monition includes at lsast casm
prassure velease plug for venting propulsive gasss from the
propulision chaxber of the cartyridgs case if an elevated
apbisnt btesperaturs, lower than the ignition temperature of
the igniter and the propulsive chargs, sxists for a
sufficient period of time to present a riszk of se21f-
ignition, said at least one pressure releass plug being
formad in part by a fusible, sclid, pressure-tight matevial
whose meliing tempevatuvrs is lowver than the ignition

temperatures of the igniter and the propulsive chargs,

the dmprovemaent comprising & metal shield having low
hagt transmission propariiss, thevsbhy to provide fox
delayved release of the pressure relsase plug while the

ainad in a2 hot bharrel.

manitian
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3%, & carbtridge munition comprising, in combination:

{a) A ocartr

idgs case having 2 base and an uppser porviion

forming & propulsion chasmber;

{L} a projsctils having a base inserted inho the uppsr
portion of the cartyidgs case and mechandically connectad

tharaeto;

{ol & pyrewechnic propellant charvge disposed in the
propulsion chambar of the cavtridge case whose propulsive
gases exert a forcs on the base of the projsctile whan they
burn causing the projsetils o be driven oub of the

cartyridge case;

{d} a pyrotechnic igniter or primer disposed in the base of

the cartridge case for dgniting the propellant charge; and

{@) a menory mebtal ring disposed between the cavividge cass
and the projectile base, said memory matal ring beding
adapted to expand on heating, thereby separating and
dizlodging the projectile from the cartridgs case and thus
preventing sndesired or accidental dischaxge of the
prejectile at an slevated tempsraturs lowsr than the
ignition boemperaturs of the igniter and the propulsive

charge.



