WO 2011/ 071576PCT/ US2010/ 047815 1 PRESSURE- RELI EF SYSTEM FOR GUN FI RED
CANNON CARTRI DGES FI ELD OF THE | NVENTI ON [ 0001] This invention

rel at es twoaotiz7t37sdge nuni ti on havi ng a pressure reli ePCIyS2EN{047815
particularly to a higher velocity, gun fired cannon cartridge. BACKGROUND
OF THE | NVENTI ON [ 0002] A cartri d‘ge munition conprises a cartridge
shell and a projectile inserted into it, with the cartridge shell

mechani cal | e h ecill ul,sj C .S.provided
at the basctBESBARECEREPPECS EREk EOR FunorbheR LRt CF R R REES" ot - or
exanple, may be ignited using an igniter cap. After ignition, propul sive
gases fromthe propul sive c t of the projectile so that,
upon rel ease of the nechani Egﬁgﬁoﬁﬁ B@ﬁmﬁgﬁ‘ﬂgﬁ&ﬂl dge shell and projectile,
the projectile is driven out of the cartridge shell. [ 0003] Such a
cartridge ition is described in. Lubbers 5,936,189. This
cartridge m%]olﬁhﬁ LBYERGPR FEPRESF] F% ﬁeﬁf}ﬁﬁ?é‘?en’ﬁ‘df’bﬁfeﬁl PERINGabout
40 My J¥risurE rnalds idg8%nd! aRGIMed 1R & haldhdhalelick if  he
rapid-fire weapon. The propul si g)n chanber |3Pn t he cargtrl dge sheltl%?d P

sub- difidings dannem qarfirisiasssur e chanber into which the propul sive charge
is placed and a | ow pressure chanber that is connected with the

hi gh- pressure chanber via exhaust apertures. The cartridge shell and

prgj egti | e are mechani calBACKGERBEY 2&‘ VIHE INVENTIAN t hr egded connection
that is fornmed as an intended-break point. W) 2011/071576PCT/ US2010/ 047815
2 [ 0004] When the propul sive charge is ignited pyrotechnically in the
hi gh- pressdrOé)Q%iaAbearbyidganmuoitaqni gninpeisgapa carctpidgel shedlcandge

bur ns, andfc%n eS|l\{1eeq:D (i ALE greate at h| A88 ueresl}ea_I{ t hen act on

t he prol 59 ase 1n anbers (frlv rtlhg projectile out of the
cartrind@hanically attached to the pro;ectlle. A propulsion chamber

is provided at the base of the cartridge shell to receive a
propulsive charge that, for example, may be ignited using an
igniter cap. After ignition, propulsive gases from the
propulsive charge act on the base of the projectile so that,
upon release of the mechanical bond between cartridge shell and

projectile, the projectile is driven out of the cartridge shell.

[0003] Such a cartridge munition is described in Lubbers,
U.S. Patent No. 5,936,189. This cartridge munition is used with
rapid-fire weapons of medium caliber (about 40 mm). Many such
cartridges are received into a belt that is fed to the rapid-
fire weapon. The propulsion chamber in the cartridge shell is
sub-divided into a high-pressure chamber into which the
propulsive charge is placed and a low-pressure chamber that is
connected with the high-pressure chamber via exhaust apertures.
The cartridge shell and projectile are mechanically connected
via a central threaded connection that is formed as an intended-

break point.



shell, after the intended-break point between cartridge shell and
projectile is broken. [0005] A simlar cartridge nunition is

descri beawprolbisss, U. S. Patent No. 4, 892, 038. PLOOBE)108uTshS
cartridge nunitions are used in |large quantities, and nust both be safely
stored and safely transported fromtheé manufacturer to the user. St or age
and transport are generally perforned using | arger cases, e.g., netal cases

hat hol d ' f h i dges, . . 0007] _| ' f
het const oIl kA Ebb pRopRkFes RhpkFfaRs  doni bat RP ekptRaiBelEy®
propulisi whet hdlgds gracaiid WHakbe A 15t alclgs Of W Agditec Y e St orage

and transport are generally sinple. However, a fire in the storage or
t r ans RAPEEVEMNREIRy BHFRsh B AraRHed e gases asesseadisshia®20c.

Preseiitf dicieure thar AOPIAL: MPHEIA RGOS Bk DY NN o [on ter

char ge he 1gniter cap can conbus eously, 1gniting 1n turn the
pr opulchambextsar g & hilsatd mitveay viihee pasyjest thidee augnidfedhet cantemnqggeat ur e of

from about. 320C. tq.abaut, 40 Aft er the propul sive char. i gni t.es, as

ur i TEd s BTSSP HREA FUVOIERISaR (RF gt Sl hanber
to actargm#xla_?el&m_é)fig hrgxedj ectile to eventually rupture the nechani cal
WO 2011/ 071576PCT/ US2010/ 047815 3 connecti on between cartridge shell and

projectile, causing themto fly apart explosively. [ 0009] Significant

damage may [VOi‘ﬁUB]tASEEHiYaf:Fngﬁbﬂdﬁéaﬁﬁhiiieﬁ exphegdedi BEQPYhSi.MBbERS! ges
of a | arge nunber of cartridges. The cartridge shell and projectile my

cause WreatPad@rdgdNavhi4 S8 NA3% apart, the cartridge shell and projectile
acting as quasi projectiles. Any storage or transport containers involved
wi |l be destroyed, whereby the separated cartridge shells and projectiles
may endangd00fftafuchndachusdgeanitoni hbonanateal udadage. Lp0g€10] Haesel i ch,

U S RALEhl N 7oH00 o008 9ER6T RS A MG et St dlaTpterial Lo
prevent unwanted ignition Of nunitions due 10, Tor exanpl'g, exposure to
fire. thahspeaiteel Epondadny infzeth fat tuve Haes alhet lugeat .ents faraged asd or
adequate containnment in a standard cartridge. However, this technol ogy may
be |i RHaAFRIF & arg iganer&l lah Rerfanmads Ysiqd riargst fasesworiShg pressures,

such 3% d¥19RRREGnAt Hb16 LAl A PR3N S MU h SREQfiidgld v, 1n sonme
i nstances proper pressure integrity may not be achievabl e tHrough the use

of the geonetric means and potential material selections described in the
Haesel i ch W@ﬁﬁﬁ}ln spite of the considerable quantity of igniter

material for igniter caps and propulsive charge located within a
storage or transport container, storage and transport are
generally simple. However, a fire in the storage or transport
system during which temperatures reach or exceed about 220°C.

presents a risk.

[0008] At such temperatures, the pyrotechnic¢ igniter charge
of the igniter cap can combust spontaneously, igniting in turn
the propulsive charge that otherwise would have ignited at a
temperature of from about 320°C. to about 400°C. After the
propulsive charge ignites, as during regular firing, enough
pressure develops in the propulsion chamber to act on the base

of the projectile to eventually rupture the mechanical



SUMMARY COF THE | NVENTI ON [00011]It is an object of the invention to prevent
separation of the cartridge shell fromthe projectile when there is a sharp
i ncrease WO 2anifi7e3™s t enperat ure above the ignition tenp@Catuse@oodi7sthe
pyrotechnic igniter charge in a high pressure cartridge. WD

2011/ 071576PCT/ US2010/ 047815 4 [00012]31t I's al so an object of the invention
Is to prevent damage to the environnment caused by a collection of many such

cartridges, .e.q. . in a storage pr transport, cont.ai ner, upon sharp.increase
' anSiARES S PRIIEES AF e diin SHP ) A0 BRI ddd ey IR i her
obj ectrpfflyhagdimedxiglibdisrdlgy weaken the effect of the main charge after

ignition of the igniter charge so that neither |arge pressure damage nor
maj or mechani cal damage results fromunwanted ignition of high pressure

cartridges.[dod¥)14l ghiEscift QahbgéhRayObesaltobikpeyi P¥EMt tRE tO SO
configure a high pressure cartridge nunition that the characteristics of

the c&Mattddd mfhiexpdirdac BFAPULFIVR REFIRs Cfede Jangs mumkemefur es.

cartridges. The cartridge shell and projectile may cause great
damage while flying apart, the cartridge shell and projectile
acting as quasi projectiles. Any storage or transport
containers involved will be destroyed, whereby the separated
cartridge shells and projectiles may endanger humans and cause

major mechanical damage.

[00010] Haeselich, U.S. Patent No. 7,107,909 describes
the use of a fusible material to prevent unwanted ignition of
munitions due to, for example, exposure to fire. The technology
described in the Haeselich patent provides for adequate
containment in a standard cartridge. However, this technology
may be limited in a variety of applications requiring higher
working pressures, such as high speed, high velocity
ammunitions. More specifically, in some instances proper
pressure integrity may not be achievable through the use of the
geometric means and potential material selections described in

the Haeselich patent.
SUMMARY OF THE INVENTION

[00011] It is an object of the invention to prevent
separation of the cartridge shell from the projectile when there
is a sharp increase in ambient temperature above the ignition
temperature of the pyrotechnic igniter charge in a high pressure

cartridge.



[ 00015] According to the invention, a cartridge nunition conprising a
projectile and a cartridge shell has a propul sion chanber wth passages

t hat exi twbnroema7ns6pr opul si on chanber and penetrate thePa@ius2ab/oy1ses
cartridge shell. These passages are filled with a solid, pressure-tight,
fusible filler material, and the rrelti‘lng point of the fusible filler
material is lower than the mninumignition tenperature of any pyrotechnic

charge int iti d.e., lower . than t i.gni.tion tenperature of the
pyr ot echni cﬁbleoéirﬂ#]er g'ﬂiarlgse 3P e 3 j§pq[h é’lr}f/:et d’t”d’ee.ntd?gpd'rs ot e
r upt Urpddvean th @arfdédd e, tHe Al rainaitP s Bield &fo IMRydidich dMimaaid

addi tional nechanjcal support are positioned adjacent to the upper surface
or uppaichs AaTEEAgss + Ife Fusillt & fSH9rAgweizAnsPoyy container, upon

2011/ paq__é_.GP Q/ P . ' ' ARl i.ons,.d he
conbi %atl nlggt ese tn\/\o%?%l}trﬁ:r ﬁ%&%%&?ﬁﬁg{%%&%r prde?gjraeﬁrﬁete'grity
and overtenperature relief capability. [00017] The rupturabl e support or
relief ne e pGgsi tii elﬂ_tl% or_ad] e .fysihl. il

material, t aot%lfhg, bgtseweles(r)l%t e \uég bIoe}:jaj%':cf‘icgirﬁft r#aﬂtﬁéerlldéll’%rgﬁ' r{hleé g{oopul si ve
char geveakepr dyed |esfifiectVirfe tdhyeemdiirc alHarget laef Hersiilygra Hfiidn exf dteerial i s

"capped" .y, or _enclosed.in, nan-fusible material of. the support or relief
eI AF FhaFln GO Ghak R hbhah, TARAR HGTTRFS FARAEES O M S enb .
that infecHdi dMAIN-daifidd &dRilAls fldnefurlfRIMQId aRfhiltieod W Mg 1 1 | er
material, provides a useful solution to provide support to the propell ant
when @Fgsewdeatcanhinidaes.ent unwarranted ignition of higher pressure types
of ammunition. [00018] The pressure relief menbers disclosed herein are

designed to fail when the propellant "outgases” or otherwi se burns. In

t hese circufides, Tthd s atatefa fanttdrer fakdiddt mife thentiinugrdfiqn diseldant
gases either (1)  tQ Rrec e separ.ati.on of the.proj.ectile fromthe
cartric(fjleﬂ&ue aorhl(g% pfrloe%%ugrrﬁ fc%crgtnrlﬁ({;’erén l?clg:lt%ne tglr?etr gtsle( vel ocity) of a
proj ecdHdractBYistdicsaldf nhet harmatielges muhiriene dre invad\darfladnddds Gy
function (because the "set-back energy” is inadequate to provide for fuse
f unct it¥pse BFSIP iR Mea sy t&Shat i on and precl udes possible |oss of life.
[ 00019] The fusible material is preferably a fusible nmetal. Such fusible

metal s useful according to the invention include alloys of bismuth and tin.
Lead or al I[BR9%Her edfccanding gy tissdnyenfdqp, a cartridge munition

comprising a projectile and a cartridge shell has a propulsion

chamber with passages that exit from the propulsion chamber and
penetrate the wall of the cartridge shell. These passages are
filled with a solid, pressure-tight, fusible filler material,
and the melting point of the fusible filler material is lower
than the minimum ignition temperature of any pyrotechnic charge
in the munition, i.e., lower than the ignition temperature of
the pyrotechnic igniter charge and the propulsive charge. One
or more rupturable, non-fusible, mechanical support or relief
members that add additional mechanical support are positioned
adjacent to the upper surface or upper surfaces of the fusible

filler material.

[00016] While neither the fusible filler material nor the

non-fusible support or relief member may alone be suitable for



WO 2011/ 071576PCT/ US2010/ 047815 6 [00020]1f a cartridge of the type

descri bed herein is heated to the nelting tenperature of the fusible

mat eri al WO 2r|rEL576f or exanpl e, to about 180C., then thecCTos2ooo418as eri al
in the passages within the cartridge shell, that connect the propul sion
chanber to the outside, nelts. If the5terrperature continues to increase and
the igniter cap and thereby the propul sive charge are ignited, then no

pressure .na ui I.d _up within_the prapul si chanber hecause. the freed
oot o At ssian BeelG iinsS, Whe MURRER 1R B HHaed o

pr opul fidates v IR viRled \bdUH Fropdie pas iR ArugSitie gases thus creat ed
may escape via the pressure-relief apertures. Cartridge shells and

proj e@vgrEemperatnre Folisdh sapadd ifitdm each other, so that neither

pressure damage nor nechani cal damage may occur. [00021] The passages
bet ween the propul sive charge and the outside of the cartridge shell may be

confi gured [0PHely diTHeeramtugaple fsPROGMIR raliethaestharsofarehe igniter
. ' i al. tial :
cap életlm%d%o'i}éc .2 de%cc?net r@{eg;f%ﬁlﬂre r?3‘1.1‘3lh<=_-r 3 r:.%

essiy relief
apertdres aroun e lgnite p may ed wth the tus ]1’e materi al .

Ei t herist ,wihretiwefeour tee rifusridsl earfa Irleon madredeich If a@ndrishee phagiuleritveof t he
I nvention. Another option is.to provide .apertures from.the pr.nul sion
chanb S EAAE R doMATY SRR ddbe T b R B0 d never
confi gidtRohi diha Passagrany f Wit EWrhldas B Nher ol Hudi® 10 ridtaadlank

configured that during a normal shot of the projectile out of the cartridge
shel | ,thehsunpsigd emmedidiefl membeon-suadi @ a @iakald €arnisr i t hst and

t he hign r&SSHI, vvi.It 'r]:t g {8, | sJ 1§ha r., :Resi,sta et hgssure

may be w‘#’lca'r‘—ieased'l )y con igeugrhl r%q(ége%s;éaeg@a €s gart tlh%e‘ ft}sﬁ brﬁ%e %q'b

2011/ ueltal6 RE/ildF ikdidd7 &l Ahe fusible filler material, provides a
useful solution to provide support to the propellant when
appropriate but prevent unwarranted ignition of higher pressure

types of ammunition.

[00018] The pressure relief members disclosed herein are
designed to fail when the propellant “outgases” or otherwise
burns. In these circumstances, the relief members facilitate
venting of propellant gases either (1) to preclude separation of
the projectile from the cartridge shell or (2) to significantly
reduce the energy (velocity) of a projectile. This disabling
characteristic prevents inadvertent fuse function (because the
“set-back energy” is inadequate to provide for fuse function),

which prevents detonation and precludes possible loss of life.

[00019] The fusible material is preferably a fusible
metal. Such fusible metals useful according to the invention
include alloys of bismuth and tin. Lead or alloys thereof,

etc., may also be used.



material to be conical, decreasing toward the outside, or as stepped or

t hreaded hol es, etc. [00023] 1 n one preferred enbodi nent of the invention, a
cartri dgewgupita’estéconpri ses a cartridge shell and a pr@®ceaiseeie/outssert ed
into the cartridge shell and nechanically connected to the cartridge shall,
wherein a pyrotechnic propul sive chard% Is located in a propul sion chanber
of the cartridge shell that is ignited by neans of a pyrotechnic igniter,

and whose ive ses exert.a f on _the pase .of e pr.ojectile when
Fhey barn, TR I et s e dues e Rt S 11 dge
shel | hdassBaRs thd ImdlIitdid RenpeaRit e b £ e eudibiuada g aardy | dge

shell that, are filled with a fusible, solid, pressure-tight material whose

mel ti Mptadnpdion @%anel e o aheyt (189 Gni thhan thepduaihles matenial
e . f S Tt |
pyr ot §GhnRiyG 'ﬁﬁey,sta‘?{jesa% 1-{121 Br{eh%@a%t‘ﬁ 'dfe1d téﬁ‘a@c@r{?%% El:sheﬁlt e, east

one non- f usi rupt ura er is positioned between

sol i d,pyopesisuirce tahginbermtter ithde anttgilde ,pmediiss vd o Hdreg dhenf@d@®Aiden anot her
enbodi nent. of the cartridge nupition of. the inventjqn, the fuysible solid
ot or (R iees |9 pHeRAT ARG ran it 1RaP AsbAtIRRTE Yt hhe car (i dge
muni t igdbpfl dikR iIchejd Aive fidmiile’ MRiHRIN 3o ipredbud Maywbudlld egst bisnuth

and tin. [00026] | n another enbodi nent of the cartridge munition of the
i nventWighin fHde AW simrerqhamber Pesayaq ihe FragbpPafisagss om about 30

to ab 0 'sﬂﬂ,l i o] :Q_[]_q a { 70 % by
wei ght 0o c4ttq]or~{/9, %sa}?lﬁlng ar%fel%lﬁ'g@%o% nt égﬁgpom%o#%i}i%ci%??haabtgut 175C.
WO 20 pldopiillsibRCHHASR ] ddeel81 Iburns, whereby the propulsive gases

thus created may escape via the pressure-relief apertures.
Cartridge shells and projectiles are thus not separated from
each other, so that neither pressure damage nor mechanical

damage may occur.

[00021] The passages between the propulsive charge and
the outside of the cartridge shell may be configured in many
different ways: for example, the housing of the igniter cap may
be made of such a fusible material or metal; also, pressure-
relief apertures around the igniter cap may be filled with the
fusible material. Either two or four apertures are recommended
for one embodiment of the invention. Another option is to
provide apertures from the propulsion chamber penetrating the

sidewall of the cartridge shell.

[00022] However configured, the passages and rupturable
members must be so shaped and configured that during a normal
shot of the projectile out of the cartridge shell, the fusible
material and non-fusible rupturable members withstand the high
pressures within the propulsion chamber. Resistance to pressure

may be increased by configuring the passages for the fusible



8 [00027] I n anot her enbodi nent of the cartridge nmunition of the invention,
t he passages are channels that extend fromthe base of the propul sion
chanber twotha/oui7éer base of the cartridge shell. [00028rAsacoozsns

enbodi ment of the cartridge nmunition Qf the invention, the channels are
positioned around the igniter of the ﬁﬁopulsive charge. [00029]1n anot her
enbodi nent of the cartridge nmunition of the invention, the channels narrow

as the ragr.ess f.rom the hase, of the praqpul si chanmher. fo the exit.
S 00s ARSI i B st denar sl R b A ARt | on.
the chajupped Y MiveRIEC Hdles [ @31] | n anot her enbodi ment of the

I nvention, the channels are stepped drillings. [00032]In anot her enbodi nent
of the cartridge nunition
[00023] In one preferred embodiment of the invention, a

cartridge munition comprises a cartridge shell and a projectile
inserted into the cartridge shell and mechanically connected to
the cartridge shall, wherein a pyrotechnic propulsive charge is
located in a propulsion chamber of the cartridge shell that is
ignited by means of a pyrotechnic igniter, and whose propulsive
gases exert a force on the base of the projectile when they
burn, by means of which the projectile is driven out of the
cartridge shell. Passages exit from the propulsion chamber
through the cartridge shell that are filled with a fusible,
solid, pressure-tight material whose melting temperature is
lower than the ignition temperatures of the pyrotechnic igniter
and the propulsive charge of the projectile. At least one non-
fusible, rupturable member is positioned between the fusible,

solid, pressure-tight material and the propulsive charge.

[00024] In another embodiment of the cartridge munition

of the invention, the fusible solid material is a fusible metal.

[00025] In another embodiment of the cartridge munition
of the invention, fusible material is an alloy of at least

bismuth and tin.

[00026] In another embodiment of the cartridge munition
of the invention, the fusible material is a bismuth/tin alloy
with from about 30 to about 40 % by weight of bismuth and from
about 60 to about 70 % by weight of tin, having a melting point
of from about 140°C. to about 175°C.



of the invention, the non-fusible,
conprise an annul ar ring.

rupturabl e nenbers are disks or caps or
[ 00033] I n anot her enbodi nent of the cartridge

muni ti on WO 20h@71376ent i on, each non-fusi bl e, rupturabl ePeErdses10iog783Tor ed or
weakened. [00034]1n anot her enbodi nent of the cartridge nmunition of the

I nvention, each non-fusible, rupturabﬁ% menber is made of netal or arigid
9 [00035]In another enbodinent of the cartridge

polynmeric material.

muni tion of, f nvent on,_ the net
al uni num  dr ng%ej féﬁ‘%‘efn

R o Sl

nl ess. st eel

tﬁﬁﬂutlon

of thesf rﬁl@tﬂrﬁfénﬁﬂﬂx ,inWais&sd’ﬁserdrﬂ dH‘arfhdl@ y&ﬁﬁameexd)rfm WHeyr ene
[[00037] I.n anot her enbodi mrent of the cartridge
nuni t ikjse of the propulsion chamber to the outer base of the

pol ynmer or copol yner.

cartridge shell.

[00028]

of the inventio

In another embodiment of the cartridge

munition

n, the channels are positioned around the igniter

of the propulsive charge.

[00029]

of the inventio

In another embodiment of the cartridge munition

n, the channels narrow as they progress from the

base of the propulsion chamber to the exit.

[00030]

of the inventio

[00031]

In another embodiment of the cartridge munition

n, the channels narrow conically.

In another embodiment of the invention, the

channels are stepped drillings.

[00032]

In another embodiment of the cartridge

of the invention, the non-fusible, rupturable members

or caps or comp

[00033]

rise an annular ring.

In another embodiment of the cartridge

of the invention, each non-fusible, rupturable member

or weakened.

[00034]

In another embodiment of the cartridge

of the invention, each non-fusible, rupturable member

metal or a rigid polymeric material.

munition

are disks

munition

is scored

munition

is made of



of the invention, at |east one of the at | east one passages exits fromthe
propul si on chanber through a sidewall of the cartridge shell. [00038]In
anot her ewbadiwmem7éof the cartridge nunition of the i nveaTiuse)100m1F upt ure
menber conprises a solid material w thout sufficient strength to sustain
normal operating pressures in the abséhce of additional nechanical support.
[ 00039] I n anot her enbodi nent of the cartridge nmunition of the invention,

t he ruptur rc ri s a solid..mteri hat has .bgen nodif.ied to

pr event suz‘kdﬁﬁgﬁg n%noo aﬁ“f?é’%’rbe&q‘hro?s tlthf? tct?é:atfﬂ‘s%?cén%ltdtf& ti onal
mechary ££ alhes UpRAIHtidr0GHY e talotikelcppeadi e 10f dtha mardy i@ 1muni tion
of the invention, the rupture nmenber is made fromthe cartridge casing

mat er iFWHEPYhe FpRtEESpenet rati on of at | east one passage exit. [00041]1n
anot her enbodi nent of the cartridge nunition of the invention, each passage

is filled with a pressure-ti%ht assenbly conprising a solid, non-fusible
rupture di iOW3&ap t @ ane amregdimenteiaff dhee Fantrd dass imind tins i d

mat eri g th\&)i%wﬁwj%g/pl&.%q[i(ymﬂgl is a polycarbonate or

polystyrene polymer or copolymer.

[00037] In another embodiment of the cartridge munition
of the invention, at least one of the at least one passages
exits from the propulsion chamber through a sidewall of the
cartridge shell.

[00038] In another embodiment of the cartridge munition
of the invention, the rupture member comprises a solid material
without sufficient strength to sustain normal operating

pressures in the absence of additional mechanical support.

[00039] In another embodiment of the cartridge munition
of the invention, the rupture member comprises a solid material
that has been modified to prevent sustaining normal operating

pressures in the absence of additional mechanical support.

[00040] In another embodiment of the cartridge munition
of the invention, the rupture member is made from the cartridge
casing material by incomplete penetration of at least one

passage exit.

[00041] In another embodiment of the cartridge munition
of the invention, each passage is filled with a pressure-tight
assembly comprising a solid, non-fusible rupture disk or cap

that is mechanically reinforced by a fusible, solid material



whose nelting tenperature is lower than the ignition tenperature of the
pyrotechnic igniter and the propul sive charge of the projectile. [00042]1In
anot her ewbadiwvmem’éof the cartridge nunition of the inv@oTiusrQ10/07z815
pressure-tight assenbly is renovabl e bg t hreaded or ot her mechancal neans.
[ 00043] For a full understandi ng of thd present invention, reference should
now be made to the follow ng detail ed description of the preferred

enbodi nent s _of. t.he inventiqn as.illustrated _in,the acganpanyi ng dr.aw ngs.
BRI EF DRSS R SRS TR ARAGS (oA T & Ba T (Hed R | on
t hr OUPE aHRAIPYHcI@RHAIR LR N Ite YPropullsij e idHar@NGb A th tri dge
shel |l that incorporates a propul sion chanber with a propul sive charge
wher elRFOIRSIH I ng to the invention, a non-fusible rupturable menber and

pressure-relief apertures are provided between the propul sion chanber and
the outer wall of the cartridge shell; [00045]FIG 2 is a partial schematic

repr esent ati®W4#] sedohdraihed maodimente af rfheycanffidas mddridimg to
the i e} e e dsaf f :t lLas er al
sur f acss 1 A T e R R Ly e FerlcRaie B O
repr eddmesidesh oof cthdu mebadvabedilmengansf. a cartridge nmunition according to
the invention where the pressure relief apertures extend to the

[00043] For a full understanding of the present
invention, reference should now be made to the following
detailed description of the preferred embodiments of the

invention as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[00044] FIG. 1 is a longitudinal section through a
cartridge munition consisting of a projectile and a cartridge
shell that incorporates a propulsion chamber with a propulsive
charge whereby, according to the invention, a non-fusible
rupturable member and pressure-relief apertures are provided
between the propulsion chamber and the outer wall of the
cartridge shell;

[00045] FIG. 2 is a partial schematic representation of
second embodiment of a cartridge munition according to the
invention where the pressure relief apertures extend to the

lateral surfaces of the cartridge shell; and

[00046] FIG. 3 is a partial schematic representation of a
third embodiment of a cartridge munition according to the

invention where the pressure relief apertures extend to the
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FIG 3Ais a detail thereof. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS
[ 00047] ThwopnHf®©wti7ed enbodi ments of the present inventi @ATRISR010/0¢T81He
described with reference to FIGS. 1 to_3 of the drawi ngs. Identi cal

el enments in the various figures are d%%ignated with the sane reference
nunmeral s. [00048] A cartridge munition 2 shown in FIG 1 consists of a

projectile and cartridqe shell .6 Cartridger%e’éell 6 .i ncl udes .
D opu At SHASACEY (4 e AT S S AL a1 59 & o i
[ 0004 YHeardagd .dge 2 possesses a caliber of from40 mm for exanple, and is

fired froma tube weapon (not shown) with a twist, for which purpose the
projectile possesses a guide- or tw st-band (indicated only).

[ 00050] Pr opul si wETahyalEye DESIRI BTOION @ PHEHEEMND GMEODIMENTS

[00047] The preferred embodiments of the present
invention will now be described with reference to FIGS. 1 to 3
of the drawings. Identical elements in the various figures are

designated with the same reference numerals.

[00048] A cartridge munition 2 shown in FIG. 1 consists
of a projectile 4 and a cartridge shell 6. Cartridge shell 6
includes a propulsion chamber 10 in which a propulsive charge 12

is positioned.

[00049] Cartridge 2 possesses a caliber of from 40 mm,
for example, and is fired from a tube weapon (not shown) with a
twist, for which purpose the projectile possesses a guide- or

twist-band (indicated only).

[00050] Propulsive charge 12 is ignited pyrotechnically
by means of an igniter cap 30 whereby igniter cap 30 is mounted

in the center of the base 32 of cartridge shell 6.

[00051] Passages are provided between the propulsion
chamber 10 and base 32 of cartridge shell 6. Here, conical
channels 34 decrease in size in the direction of base 32 of
cartridge shell 6. Channels 34 possess a diameter of 7 mm for a
40 mm-caliber projectile, for example, and narrow down to about

6 mm.



by neans of an igniter cap 30 whereby igniter cap 30 is nmounted in the
center of the base 32 of cartridge shell 6. [00051] Passages are provided
bet ween tWo 2pr10pud7si on chanber 10 and base 32 of cartri #ge/Gsheblo4B1s Her e,
coni cal channels 34 decrease in size in the direction of base 32 of
cartridge shell 6. Channels 34 posses%za dianeter of 7 nmfor a 40

mm cal i ber projectile, for exanple, and narrow down to about 6 nm MD

2011/ 07157 201Q/ 047815 12 [ 00 52] way .of exa t hr.ee,

f our phanngl%ggégﬁare r AT, & E% 1t ot}ﬁ?ee’cenrhprfg:iuﬁ %nﬂ?& hal I i ne
or axiz frePpRMlddd, %y&&%ﬂﬁda@.ﬂiﬁoﬂﬂ@m&ﬁr@&mﬁjﬁuﬁﬁrﬁl@ 1361 tdroned
synetricall y around igniter cap 30. Passages 34 are filled with a fusible

met al 3%-s [FOFEFRIRY raind dro fiaigian €an 0 or annsd S 334p@§ec i oned
bet ""ngbsi@lJr}é% ] é@:tﬁ!ad.?lg( I} SR QY 3 EHL&: (3. Py

Each or cap provi extra support to tuslble nmeta \3% In c annels
34, edjiddieal Iwithn & HusGdde afetmlhi3fh pressure nunition so that fusible
netal remains intact prior to an increased tenperature condition.

[ 00054] Fusi ble nmetal 36 is, for exanple, a bisnuth/tin alloy with from
about 30 tc{wﬁiﬁ] 40% lﬁlﬁ-’fﬂliﬁ’alﬂé,e wei (fidargyidblfer @nskban &P t38 ail:sout 70%tin

by me he bl .end, i.ng poi nt of this y lies
betwe eﬁﬂg@q: a‘tﬁ'ﬁut ﬂ%%m% 1s &4 t énd not
sol ublga-dgu Aty chﬁqrgfaarlcz al Inacav aiilabley <9 eara %ﬂ&ma@@&@% | NDALLOY(r)
255, a bisnuth-lead alloy, and | NDALLOY(r) bi smuth-tin alloy, both

pr 0dUEUPRSITY i lfmSGé?lrﬁ)mﬁadn 3 im |Q¥&lnl’mls a}"e sFadiadd ¥ ugi ihe netal s
accor(g dd th t h%fdilv%]:tés%re munition so that fusible metal remains

intact prior to an increased temperature condition.

[00054] Fusible metal 36 is, for example, a bismuth/tin
alloy with from about 30 to about 40% bismuth by weight and from
about 60 to about 70% tin by weight. Dependent upon the blend,
the melting point of this alloy lies between about 140°C. and
about 175°C. The alloy is impact-resistant and not soluble in
water. Commercially available solder alloys such as INDALLOY®
255, a bismuth-lead alloy, and INDALLOY® 281, a bismuth-tin
alloy, both products of Indium Corporation of Utica, NY, are

useful as fusible metals according to the invention.

[00055] Fusible metal 36 is cast into channels 34 after
appropriate heating. Alternatively, conical rivets are made of
the fusible metal that are then driven or screwed into channels

34.

[00056] Disk or cap 38 is intended to fail when
mechanical support is removed, that is, when fusible material 36
melts. Disk or cap 38 comprises a metal or other rigid

material, such as a polymeric material, that is adequate for



[ 00055] Fusi bl e metal 36 is cast into channels 34 after appropriate heating.
Alternatively, conical rivets are made of the fusible netal that are then
driven orweeragts7ont o channel s 34. [ 00056] Di sk or cap B8TiGs201m0t0¢r8d®d t O
fail when nechani cal support is renoved, that is, when fusible material 36
melts. Disk or cap 38 conprises a nmetaf or ot her rigid material, such as a
polynmeric material, that is adequate for WO 2011/071576PCT/ US2010/ 047815
13 cont ai nnent _qf opul si.ve charge 12 .in .the.absence of fusibl.e material
36 ol dHg BHeth et EFoRihiye L3 @R S AR e SRR RIS ai | when
fusi bl tErtierl d6 felldes bulith 4 sTRiyded S Wetikeitlll ¥r HtHerwrideap 38
include, but are not limted to, nmetals such as copper, steel, stainless

st eel defiigRasuio daid MRRR waidde makariad Baseltd c&uidiablfol ycarbonat e
or poln}éstt(?\giqles R Y r AR Wgz%tp [3(3309.517::11%&0”%1:0%:@@{3}}” 10 is
pressure- h 0

tight an resistant towar e exterior by neans usi bl e net al
36 so ltisittechrta, dwpad snesudie ds reepdermymstdalbe stedpdressn steelsane way as a

convent.ional cartridge. The conhi nati gon of .the coni cal shape of channels 34
ond AR eied GG ERS TR o 8 A B SETTAIR bei ng for ced
from g&x&l&&ﬁﬂé’ S P IUyH YRS WA ynie A & PP 1Sk schanmber .

[ 0005 nment i oned above, when the anbient tenperature near the
cartridges rises to fromabout 140 to about 175C. as the result of a fire,

for exanmpl eodowen f U1l icHamde Mitdhiins Gélgjmelasud%x@st@eireei ng
them Wen the tenperature of the igniter cap 30 then continues to rise to
above rgsetapptowand jthe taxterdlogo by meaansy qfr Fndidihee net@algs61 30 The

propul e , en. IV qhagg ur.ns, Y. j.verted
Wi t hou a\é:orﬁ%gqﬁ:ﬁrgﬁiée\er ?‘ﬁ&n%&g\#éear}cl%egflsgkr%& G\"’lcap %éegl%oﬁ eJ'erlL1 ctﬁ{agrir?e ge ?fyso
that s @ essiventimhadluidat tyideid .hi ITHeh e gibapid tSiican ofhatHeercordchlt her ef or e
pr opul si ve charge 12 is also not triggered. Cartridge shell 6 and

proj eGhare £k Ierdl @0tk ARIIET 19 oh R (P S i38 BFeSteads 24 and

26 SO #ilath10 AN IR AL RF BEncdif il IRGRILIS A4 fﬂfh:h%f gSYH € nor
because of separation of cartridge shell 6 and projectile 4.
pressure in the propulsion chamber.

[00058] As mentioned above, when the ambient temperature
near the cartridges rises to from about 140° to about 175°C. as
the result of a fire, for example, then fusible material 36
within channels 34 melts, freeing them. When the temperature of
the igniter cap 30 then continues to rise to above about 220°C.,
it ignites, also igniting propulsive charge 12. The propulsive
gases, created when propulsive charge 12 burns, may be diverted
without consequence through each disk or cap 38 and free
channels 34, so that no pressure may build up within the
propulsion chamber, and therefore propulsive charge 12 is also
not triggered. Cartridge shell 6 and projectile 4 further
remain mechanically connected via the threads 24 and 26 so that
no major damage can occur, neither because of high pressure nor

because of separation of cartridge shell 6 and projectile 4.



WO 2011/ 071576PCT/ US2010/ 047815 14 [00059]FIG 2 is a schenmatic
representation of a partial cross-sectional view of a cartridge shell 6
repr esentwogonmsiiver enbodi ment of the invention. Chann®C3/u320Mi08181% usi bl e
material 36 extend radially to the outer perineter 42 of cartridge shell 6.
Di sks or caps 38, or optionally an anhfilar ring conprising the relief
menber (not shown), are positioned bet ween fusible netal 36 and propul sive

charge 12. nt ther .be fromt t.a four chann .S 34
syttt call DI no et Bk & ATIRRER oo e & AT

schenidrds 9-eRIaSRIHaal lﬁrewfoﬂrwtdaﬁrtﬁr&wnsmm o xteltﬁ:esratﬁﬁtﬂq)randﬁhetme
base 50 of cartri dqge shell 6 each cylindrical channel 54 with threads 56
recei BEPOLimANt@f ddie iimy@ntis® hadhanedd pthoddith Husddd s matepdpl

cylin ] e

it or ] B R ST 8 e R f%ﬂ?ﬁ‘ea}fﬁ&%&? e e

accontdat @6l sksn@r fqai:lsbll*cB,, rqxptqpmtdraldwslarﬂ(arand.aa: saaig rprpriisigng72.  When

cylln rical ..nsert 60 is, s iinto positi.gn wt I|n channel
cdine e S MepBes i RICHEG: RF HRP A SRerh KR e MYy

adJ aCQr[étaiilr CHB“a?dd) b rIPUI1GA 2 .chE1Ry e rran g eife th iGA eniydidesh th & Hedld. &Jan

appreciated in the det ail of FIG 3A. [00061]In this enbodi ment there can

be fr&a thaem &t mel@w@%m@mvc@&l@wm@mu dge

shel I &4, lgThe cartridges in FIGS. 2 and 3 may also be fired in the

sanme way as conventlonal high velocity cartridge. In case of fire or
simlar problem the function is the sane as described by FIG 1. WO

2011/ 071576[%%&6%201gﬂ7%1§.s a partial schematic representation of

another embodiment of the invention. In the base 50 of
cartridge shell 6 each cylindrical channel 54 with threads 56
receives a cylindrical insert 60 having reciprocal threads 62.
Each cylindrical insert 60 has a conical interior shape to
receive fusible material 66. Also, each cylindrical insert 60
has a recess 68 that accomodates a non-fusible, rupturable disk
70 and a sealing O-ring 72. When cylindrical insert 60 is
screwed into position within cylindrical channel 54, sealing O-
ring 72 will be deformed and disk 70 will be sealingly adjacent
propulsion charge 12. The arrangement can perhaps be better

appreciated in the detail of FIG. 3A.

[00061] In this embodiment there can be from two to four

channels 54 symmetrically arranged around cartridge shell 6.

[00062] The cartridges in FIGS. 2 and 3 may also be fired
in the same way as a conventional high velocity cartridge. In
case of fire or similar problem, the function is the same as

described by FIG. 1.



15 [00063] 1t is also possible, of course, to use other |ow nelting-point
materials as fusible nmaterial 36 instead of the bisnuth/tin alloy nentioned
as | ong a®O0i2011/51¥6r ong enough to seal the pressure-r el PET/Ush@aelsss
conpletely so that a normal shot is possible froma tube weapon.

[ 00064] There has thus been shown and #8scribed a novel cartri dge mnunition,
particularly one which fulfills all the objects and advant ages sought

t herefor. ang .odifi cations,, variations and ot her es and

appl +cat | ot OYeThe S ik, AR TS B e 1 1Of TR Ssb iR S A o

t hose mfekitilrRf goirth enatidr idflisra L G idAId h ¥ i 1S (B i ifdstid Db ARthd he
acconpanyi ng draw ngs whi ch di scl ose the preferred enbodi nents thereof. All

such / gy iary mantionad &S IRBRE dithdrs weenshenggh ¢&& i ons

whi ch n i &q@q [ t deened
to be s%%vleﬁ%fd g’?/%t%séi :{eﬁ\?é%"eﬁ@ﬂﬁ#nﬁ%ﬁs t eeet%lflls}m%t%eﬁ \oén f{ gi;}t ag' cl ai s
whi ch shaltl dws pOAB 121kl /fxrohb &6 RUKeUSREEHY047815 16 WE CLAI M 1. In a
cartridge nunition conprising a cartridge shell and a projectile inserted
into the cartridge shell and nechanically connected to the cartridge shall,

wherei n a pio0@édhni Cherepllas whushdregsn ishdwoc atrel] desarireapd sicorelchanber
of the cartrjdge shell that is ignited b ans o Jayrotechnic igniter,
and PRI Pl o PR g e PN (YRS, H fpridfesct || e when
they Ryjectly dMRAREWRIn MY dARHY HRGIdAS | S My @hatidesdf the cartridge
shell, and wherein at |east one passage exits fromthe propul sion chanber
t hr ou@editfd cadriforisgg&agtidiiqnsmtang othiqy awseq @andy anpdiiislations jaf the
press -t ght. N yxp se j tenmerat i rod t he
i gni t:%%%éé:%]pelrr{é}taetﬁ’rq{els?ﬂof q‘e‘ pyr oetweé(’:%nibc I S’Le. tangpeaarlr?é’ét ﬁ%&e&hopu sive charge
of theskirldjeertiin echel art gftete rowiis iweariaign tHid egeicidieatdrord usidlthe
rupturabl e nember i s pasitioned between the fusible, solid, pressure-tight
mat er iPACMRABHOHFAN R WHaysisclose the prefesned gpbaimantsh of
cl ai Mhe 2 € AINGJdtsidlhged | hdBlld i drs 2 VSV ®latld other 3.
The cartridge nmunition of claim1, wherein the fusible material is an alloy
of at usesstansl spplicatdansy whidh slumetasiedagdd from the spirit and

scope of the invention are deemed to be covered by the

invention, which is to be limited only by the claims which

follow.



4. The cartridge nunition of claim3, wherein the fusible material is a

bi smuth/tin alloy with fromabout 30 to about 40 % by wei ght of bisnuth and
from abowo@0ittigisbout 70 % by wei ght of tin, having a ReltUsAgoo@isms of
from about 140C. to about 175C. WD 2011/071576PCT/ US2010/ 047815 17

5. The cartridge nmunition of claim 1, 1@herein the passages are channel s
that extend fromthe base of the propul sion chanber to the outer base of

t he cmwel | . 6. The cartridge nmunition of claimb5, wherein
the c ire positioned around the igniter of the propul sive charge.

7. The cartridge nmunition of claim5, wherein the channels narrow as they

progress from the base of ul sion _chanher to th er of the
et Cave dnal 1T &€y dagy RiAR o S ARG ) daitidad IR coch
non- flé'iridﬂae,pﬂdﬂ@dﬂﬁ@ & RN Iihtd Ak AHriGARgY g ammannul ar ring.

9. The cartridge nmunition of claim1, wherein each non-fusible, rupturable

menbemeah ybrcqm@mb to the capprifige ehall rdg@e(ﬁﬁ%f{ i@n of claiml,
wh d
er eify, KA HIY ﬂi%ﬁﬂlesnfé‘@ § BRI d S :.ri‘P‘éeaﬁj aﬁz d mc%aurﬂ:\ﬂ]eg' \

pol y I C mater al”. e cartridge nuniti rein
t he netfalthes danmrdgstséﬂzlll slﬂmmlmassn.gsmaﬁd bqi medansmofora lpyasstechnic  12.
The cartr.idge nmunjtion of claim.10, wherein t ogoymerlc r@}erlal |s a

pol yc & Pste &2 &wwpﬁ@%ﬁv&ga&e%m rce on the base of

the projectile when they burn, by means of which the projectile
is driven out of the cartridge shell, and wherein at least one
passage exits from the propulsion chamber through the cartridge
shell that are filled with a fusible, solid, pressure-tight
material whose melting temperature is lower than the ignition
temperatures of the pyrotechnic igniter and the propulsive
charge of the projectile, the improvement wherein at least one
non-fusible, rupturable member is positioned between the
fusible, solid, pressure-tight material and the propulsive

charge.

2. The cartridge munition of claim 1, wherein the fusible

solid material is a fusible metal.

3. The cartridge munition of claim 1, wherein the fusible
material is an alloy of at least bismuth and tin or bismuth and

lead.

4. The cartridge munition of claim 3, wherein the fusible
material is a bismuth/tin alloy with from about 30 to about 40 %
by weight of bismuth and from about 60 to about 70 % by weight
of tin, having a melting point of from about 140°C. to about
175°cC.



13. The cartridge nmunition of claim1, wherein at |east one of the at |east
one passages exits fromthe propul sion chanber through a sidewall of the
cartri dgewvehelo71s7\0 2011/ 071576PCT/ US2010/ 047815 18 PCT/US2610/0T18@5
cartridge nmunition of claim1, wherein_the rupture nenber conprises a solid
material w thout sufficient strength té sustain normal operating pressures
I n the absence of additional nmechanical support. 15. The cartridge

munition of. clajm1 ergin _the ruptur nber. conpr.ises solid _material
That has bden Ao rant st st f i B8 AT G nafensirs thes Bastaliits T
the aksenchaliinaddditHaanaxt@ehadddlthelHadd .of the prifpulBiRr &Hanbge

munition of claiml, wherein the rupture nenber is nade fromthe cartridge

casi nd-ardthe iottes BaseoRfl dthe sardiniddeshsillat | east one passage exit.
17. The cartridge munition of claim1, wherein each passage is filled with
a pressure-tight assenbly conprising a solid, non-fusible rupture disk or

cap that i$ nedhgiceatsidas muRidderpih qligin|S, wWsibned idthe ichanaedse
mel ti r.at [ r . | QY ty r e

oyt ot S R e et e L ey S A Sndd 18,
The cartridge munition of claim1l, wherein the pressure-tight assenbly is

removabl e bly tWh%a%%qgiﬁéq%[u%%%io%lclm%%, wherein the channels

narrow as they progress from the base of the propulsion chamber

to the outer base of the cartridge shell.

8. The cartridge munition of c¢laim 1, wherein each non-
fusible, rupturable member is a disk or cap or form an annular

ring.

9. The cartridge munition of claim 1, wherein each non-

fusible, rupturable member is scored or weakened.

10. The cartridge munition of claim 1, wherein each non-
fusible, rupturable member is made of a metal or a rigid

polymeric material.

11. The cartridge munition of claim 10, wherein the metal

is copper, steel, stainless steel, aluminum, or brass.

12. The cartridge munition of claim 10, wherein the
polymeric material is a polycarbonate or polystyrene polymer or

copolymer.

13. The cartridge munition of claim 1, wherein at least
one of the at least one passages exits from the propulsion

chamber through a sidewall of the cartridge shell.
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14. The cartridge munition of claim 1, wherein the rupture
member comprises a solid material without sufficient strength to
sustain normal operating pressures in the absence of additional

mechanical support.

15. The cartridge munition of claim 1, wherein the rupture
member comprises a solid material that has been modified to
prevent sustaining normal operating pressures in the absence of

additional mechanical support.

16. The cartridge munition of claim 1, wherein the rupture
member is made from the cartridge casing material by incomplete

penetration of at least one passage exit.

17. The cartridge munition of claim 1, wherein each
passage is filled with a pressure-tight assembly comprising a
solid, non-fusible rupture disk or cap that is mechanically
reinforced by a fusible, solid material whose melting
temperature is lower than the ignition temperature of the

pyrotechnic igniter and the propulsive charge of the projectile.

18. The cartridge munition of claim 1, wherein the
pressure-tight assembly is removable by threaded or other

mechanical means.



