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PRESSURE KELIKF SYSTEM FOB GO'R FIRED CAHWQH CARTRIDGES 

CROSS-BEFEHEHCE TO RELATED APPLICATIONS 

This application, is a contxnua tion -~±»~part of the U.S. 

Patent Application No. 12/8751402, filed September 3f 2010, 

and entitled "Pressure Relief System For (Sun. Fired Cannon 

Cartridges." This application also claims priority from 

U.S. Provisional Application Serial No, 61/239,464, filed 

September 3, 2009, entitled "Pressure Belief System Fox Gun 

Fired Cannon Cartridges;" the aforementioned U.S. Patent 

Application Serial Ho, 12/875,402, filed September 3, 2010, 

entitled "Pressure Relief System For Gun Fired Cannon 

Cartridges" and U.S. Provisional Application Serial Mo, 

61/653,60.0, filed Hay 31, 2012,. entitled "Pressure Relief 

Sy;;tern For Gun Fired Cannon Cartridges," all of which 

applications are incorporated herein by reference» 

BACKGROOM) OF THE INVENTION 

The present invention relates to high velocity automatic 

cannon and weapon munitions having a pressure relief 

systet&. 

1.0 Introduction: The term "Insensitive Munitions" refers 

to a generic body of munitions knowledge that includes 

guidance practices, regulations, technology, methodologies 

and standards for complying with the following objective: 

* •To enstire, to the extent practicable, that munitions 

under development or procurement are safe throughout 

development and fielding when subject to unplanned 
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stimuli. IM are those murkitions that reliably fulfill 

•their performance ( readinessf and operational 

requirements on demand, and that minimize the 

probability of inadvertent initiation and the severity 

of subsequent collateral damage to weapon platforms, 

logistic, systems f and persoanei when subjected to 

selected accidental and cossbat threats. " 

Insensitive Munitions C"!M") technology includes new 

energetic materials with less sensitivity to unplanned 

stimuli as well as mechanical end functional designs that 

mitigate the undesired reactions against such unplanned 

stimuli, Two key IM tests required by the US Department of 

Defense in gualification of ammunition are slow cook-off 

and hot cook-off tests where the amaumition is exposed to 

fixes and the results are documented, 

Mew munition designs should meet the standards for reducing 

the risks of -unplanned stimuli creating a catastrophic 

event. There have been various developments of so-called 

"pressure relief'' systems or "venting"' devices for 

contained esqslosive and rocket motors. 

Pressure relief systems in munitions, subject to unplanned 

stimuli such as elevated ambient temperatures, must act 

before the unplanned stimuli initiates an unacceptable 

hazard. For ammunition,, the unacceptable hazard As 

initiation of a primer that ignites the propellant leading 

to separation and flight of a projectile. In a worst case 

scenario, the flying projectile arms and detonates, The IM 

venting systems work by venting the propellant , thereby 

reducing the efficiency of propellant: combustion (burn) and 
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prec 1 uding the flight of pro jeot: Lies , Any smell pressure 

relief system must not. interfere wifch the normal 

functioning of that cartridge {munition) when fired from a 

family of automatic weapons. 

Different solutions for venting devices or pressure relief 

systems for IM applications have been designed, tested, and 

applied to a variety of munitions, be fchey ordnance, 

rockets or missiles. These solutions include concepts of 

melting plugs alone or in combination with burst disks, 

memory alloy fasteners or rings, as well, as detonating 

cords and active venting devices using shaped charges, etc. 

Many applications of the concepts described have been 

developed on EUsnitions ranging from grenade cartridge 

cases, rocket motor cases and artillery projectile bodies, 

to fuses and warheads. However, few such concepts have 

been applied to gun-fired munitions and even fewer relate 

to technology that disables ammunition propulsion systems 

in response to IM stimtli, 

1.1 Prior Art: The prior art in this field of Insensitive 

Munitions includes a maaber of articles and patents that 

are relevant to the present invention. Typical of such 

prior art is the U.S. Patent Mo. 5,938,189 to Lubbers and 

an article "IM Solutions for Projectiles Crimped to 

Cartridges for Artillery Application - Phase 11, Transition 

from Cartridge Case Venting to Insensitive Propellant" by 

Carl J. Campagrmolo,, Christine M. Hichienssi, Edward G. 

Tersine, Christine B. Knott, William J, Andrews - NX3I& 

IM/EM Symposium., May 11-14, 2009. 
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The Lubbers U.S. Patent No. 5,936,189 discloses a cartridge 

munition used, with rapid-fire weapons of medium caliber 

{alxmt 40 aaa) . Many such cartridges are received into a 

belt that is fed to the rapid-tire weapon.. The propulsion, 

chamber is some cartridge case trapes are 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 case and projectile are mechanically connected 

via a central threaded connection that includes an intended 

break point. Other two chamber designs {such as the US 

M430 propulsion) use the age-old technique of crimping a 

cartridge to a projectile. 

When the propulsive charge is ignited in the high-pressure 

chamber by means of a primer {igniter) , the propulsive 

charge burns and propulsive gases are created at high 

pressure that then act on the projectile base in both 

chambers. This drives the projectile out of the cartridge 

case, after the break point between cartridge case and 

projectile is broken, A similar cartridge monition is 

described In Lubbers , U.S. Patent No. 4,892 f 038 . 

The 0.S, Patent No. 7,107,909 and U.S. Patent Publication 

No. 2008/0006170 2kl, both to Haeseiich, disclose another 

concept for venting pressure from the cartridge case of a 

cartridge munition that renders the cartridge's propulsion 

inoperable. 

Notwithstanding these references, however, the pressure 

relief concepts disclosed in the prior art generally 
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concern devices for releasing pressure from warheads and 

rockets, 

1.2 Current Concepts and their Limitations: Most prior 

art references describe venting concepts for rockets, 

missiles, mortar rounds and grenade projectiles. None of 

the disclosed solutions provides both {1} venting 

projectile cartridge cases in a way that serves as {2} a 

sound solution that is usable across a spectrum of 

automatic cannons and weapons. Automatic weapons and 

cannons generally fire high velocity cartridges such as 

12 , ?si® SLAP, medium caliber APDFS projectiles where 

significant heat and pressures occur. The required 

containment of pressure in a cartridge case varies from 

weapon, to weapon. For automatic weapons, heat is induced 

(transferred) into the cartridge case as the am&mnition 

progresses through, ammunition handling, which includes 

storage, feeding, chancering, function fire, ejection and 

extraction.. In this case, the cartridge case a\»st survive 

intact throughout the entire operational cycle,. Large 

caliber projectiles (artillery and tank) fire from fully 

contained breach mechanisms. 

1.2.1 Venting of Cartridge Cases: Venting devices (IM 

plugs) with metallic melting plugs in the base of the 

cartridge, such as that described by Haeselich in U.S. 

Patent Ho, 7,107,909,. are well suited for low internal 

pressure cartridges fired from a single shot 4Q:mm low 

velocity weapon like a M203 launcher. In this sort of hand 

feed weapon, the ammunition CD does not undergo stressful 

ammunition handling (feeding,, chambering, extraction or 

ejection), |2) is not exposed to high breach chamber 
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temperatures, and (3) is not: extracted inside of an 

automatic weapon. The solution described by Haeselieh 

provides adequate strength as the pressures are low and the 

breach provides good containment and physical support of 

the cartridge case. The Haeselich design utilises one or 

more naked metallic melting plugs made of an. alloy 

combination of bismuth, tin for lead). Manufacturing 

controls of the metallurgy provide for a consistent low 

temperature melting point (around 140°C), As the metal 

alloy approaches its melting point, the melting plugs lose 

their structural strength and cannot withstand the internal 

pressure of the high, velocity projectile in the normal 

operation mode of the round (function fire from an 

automatic weapon chamber). In addition to or instead of 

the use of blsxrarth, tin (or lead) f the melting plugs may 

us© polymers. The use of either bismuth, tin (or lead) 

alloys may be substituted with certain polymer plugs, 

nevertheless, in most automatic weapons and cannons a naked 

melting plug (as a method for creating a vent) does not 

provide; 

(1) adequate structural integrity to the cartridge 

case. Structural integrity is particularly important as 

some cartridges are exposed to heat during ammunition 

handling (storage# feeding,, chamberingf function fire,, 

extraction and ejection). During an automatic cannon's 

ammunition handling processf heat will soften fusible IM 

plugs and additional structural integrity is important in 

most automatic weapon/cannon applications; 
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(2) solutions for weapons where heat: induced by 

function firing a cartridge will cause the plug in a 

carbridge case to disintegrate and foul the feeding of 

weapons; 

(3) for precluding the escape of gases through the 

melting plug in the breach (or bolt)- By preventing the 

breach melting condition, damage to the holt face (or 

breach block) is prevented; and/or 

<4} optimising the physical separation, between the 

primer (igniter) and the propellant. 

In many oases automatic weapon and cannon ammunition 

handling include dwell times that require cartridges to 

undergo an exposure to heat and even undergo chambering in 

a hot barrel. Therefore, an effective XM vent must 

function where automatic fire has heated the bolt and 

chamber to near the temperature in which soft metal 

(bismuth, tin or lead) or a specific plastic polymer 

undergoes a phase change to a liquid. When a phase change 

metal or polymer is used in non-fusible bursting plugs, the 

cartridge case can retain adequate structural integrity 

(support) as the outer walls of the cartridge case are 

supported by the weapon chamber. The rear of the cartridge 

case is typically supported by a. holt that chambers the 

cartridge into a chamber (or breach). Seals and the 

geometric configuration can provide integrity to the 

cartridge walls while the melted metal or polymer is in 

compression. This configuration, an example of which is 

illustrated in Fig, IS, allows the liquefied metal or 

polymer, encapsulated by a non-fusible material, to provide 
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structural integrity as the IM bursting plug,, while liquid, 

is in. compression during fv.nct.xan fire. Conversely, when a 

cartridge with thes IM vent described herein is heated in an 

unsupported situation (not in a breach or held by a bolt), 

the IM vents will burst as intended as the liquefied metal 

or polymer will not be compressed against the metal surface 

of a weapon and the unsupported bxirstixig plug lacks the 

structural integrity to contain the propellant. burn. 

When using memory metals, a parallel design challenge 

occurs . The heated cartridge and I'M vent using memory 

metal (where it is held in compression by the automatic 

cannon.-' s chamber and bolt) must provide adequate structural 

integrity to provide for function fire. 

In addition to functioning in the chamber of a hot weapon, 

the cartridge case and IM plug must allow the ammunition to 

function properly through the entire automatic weapon cycle 

(storage., feeding,, chambering, function fire, extraction 

and ejection), It is important that, after extraction, the 

IM vent does not disintegrate in the automatic cannon or 

weapon. 

It is also beneficial to configure memory metal rings or 

bursting plugs that house an igniter (primer). In 

configuring a "support component'"-' to house the primer, a 

designer can configure the primer to optimize physical 

separation prior to or preventing containment required to 

effectively ignite propellant powders. 

1.2.2 Automatic Weapon Types, Desire for Gammon 

^munitions fired from different Automatic; Weapons,, Peak 
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Operating Pressure, Integrity of Cartridges, Variations in 

Weapon Breaches and Cannon/Gun Chambers: There are 

significant differences in the design integrity of weapons 

chambers and breaches. Additionally, ammunition handling 

system vary fro® weapon types to weapon type. Medium 

Caliber ammunition fires from: 

* Blow back weapons 

* Open Bolt -weapons 

* Catling Guns 

* Browning Gun Mechanisms 

* Run Out Gun Mechanisms 

» Chain Sun {Cannons) 

* Gas Feed Cannons 

Some weapons completely lock the ammunition into sealed 

breaches, while other weapons may rely on the integrity of 

the cartridge case to partially contain the propellant 

gases, Chain guns and Gatling guns can be both (self 

powered gas/recoil) and electrically operated. The 

internal pressure that higher velocity chambers and 

cartridges must accommodate during normal operation is in 

the order of 420 Mega Pascal or higher. Fig. 1 shows the 

burst pressure inside the cartridge case of a 30mm munition 

as a function of time, Generally f the higher the internal 

pressure., the more likely the ammunition will fire from a 

sealed breach. A bolt frequently rams the cartridge into a 

chamber or breach providing some structural support to the 

base of the cartridge case. Under these circumstances, the 

ammunition may have some dwell in the hot chamber for an 

automatic weapon. 
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The design relationship (design constraints) among the 

breach, chamber and cartridge ease varies from weapon to 

weapon. However, most automatic weapons have the following 

s teps of in ammunition handling (SFCFFEE) : 

Step Time Automatic Heat Condition During .temanition 

Weapon Handling and Operation 

Functi on Fire 

Steps 

* Storage 

» Feeding 

® Chambering 

* Function Fire 

» Extraction 

* Ejection 

The following Table describes steps A~G generally used in 

automatic cannon feeding systems (operations). The design 

criteria, for steps A~D entail the cartridge case providing 

adequate strength and integrity to provide good sealing and 

function in the cannon's chamber- Once fired, the design 

requirement shifts in that the "heated" XM plug must retain 

adequate structural integrity to preclude disintegration of 

the IM plug (spilling the melted contents into the weapon), 

In the case where a memory alloy (or a six o£ melting plug 

and memory alloy) is provided, the IM plug must not. 

dis integrate. 
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A TO 

T1 

Exposusre of 

taRimition to 

heat in an 

ami&uni. t. ion 

box (Mote 1) 

If" outside a vehicle, ammunition 

box is "heated by the san, If 

inside a vehicle heat froaa 

vehicle operating components 

frequently transfer heat to 

cartridges in an ammnn.it.ion box:. 

B TI­

TS 

Feeding of 

Ammunition 

into a. breach 

As ammunition nears the heated 

chamber of a weapon, components 

in the ammunition handling system 

transfor heat into a cartridge. 

C 

! ! i B
 

B
 

Ammunition 

dwell in a 

chamber or 

bolt face 

(see note 

breach 

cons true tion) 

Closed bolt / breach designs 

chamber a cartridge where that 

cartridge can be i n a ready 

position waiting for function 

fire. In this condition, heat 

(from prior cartridges fired) 

will heat, a cartridge. With open 

bolt designs a cartridge case is 

attached to a bolt face. For 

recoil operated weapons, 

ammunition, bolt and breach move 

in a synchronised fashion. 

D T3-

T4 

Function Fire The ignition of propellant 

transfers significant heat into 

the cartridge case. 

E T4-

T5 

Extraction Asmmnition handling systems 

extract the spent cartridge from 

the cartridge case. At this 

point, the cartridge case is a 

heat sink, carrying a hot spent 

cartridge from a weapon, The 
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cartridge is under high, g forces 

as it is removed from the weapon 

and mechanical components extract 

the cartridge case via various 

well known ammunition handling 

methodologies 

r T5~ 

TS 

Ejection Ammunition is ejected from the 

weapon. It is generally 

desirable that the ammunition 

does not disintegrate in a manner 

that would foul the weapon or 

create a safety concern., 

G TS~ 

T7 

Collection o£ 

Spent 

Car tridge 

Cases 

The cartridge case cools as it 

moves through the air and lodges 

against a cooler assbient surface. 

G 

Mcrfca X: During step T2-T4 various breach designs heavily 

in£luence the retjuired stmetural. strength of a cartridge 

case, 

Note 2: Increasing heat is transferred, to the projectile 

and cartridge case as the ammunition undergoes ammunition 

handling (Steps A-C) in an automatic weapon. Function fire 

{Step D) imparts a significant amount of beat into the 

cartridge case. The cartridge case'" s structural strength 

required for Stops A™D depends on the design o£ a breach, 

construction. The structural integrity after firing (Steps 

E and F) rast preclude disintegration of components in an 
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automatic weapon that may affect; weapon function. 

Additionally f depending on the location where spent; 

cartridge cases are collected, it may be desirable that 

debris is minimised so users may wish that spent, cartridge 

cases do not disintegrate even after ejection, 

Hofce 3: In Steps A~C the cartridge case should retain 

adequate structural integrity until function fire where the 

projectile separates from the cartridge case venting gases 

and propelling the projectile. 

Bote 4: In Step D the cartridge case should retain adequate 

structural integrity so that IM plugs (supported by the 

chamber or breach walls or bolt; face) do not fail. The IM 

plugs should not fail in compression. 

Note 5; In Steps E and F the cartridge case no longer must 

retain the strength of structural integrity required tip to 

function fire; however, the cartridge should still retain, 

adequate structural integrity so that the plug does not 

disintegrate as undergoes the ammunition handling steps of 

extraction and ejection, Furtherit is vary important 

that melted ping material does not adhere to weapon 

components where it; could foul the weapon or create 

stoppages, 

Note 6: X» Step G it- is generally desirable that spent 

cartridge cases retain their integrity so that are easily 

collected for disposal, The disintegration of materials 

could create hazardous edges and surfaces. 
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The variation in weapon designs and need for automatic 

cannon, and weapon ammunition capable of being fired from a 

broad compatibility in multiple weapon types. This 

goner ally requires that a. cartridge ease retains varying 

degrees of structural integrity as it undergoes ammunition 

handling. .For NATO countries, automatic weapon and cannon 

caliber ammunition, is generally identified as ammunition in 

the following diameters: 20mm, 25am, 30mm, Some products 

like the 12.7mm {.50 cal) and 40mm AGLs are cross-over 

weapons that can he described as heave machine gnus. In 

some cases, different cartridge case lengths are applicable 

to different calibers. The following paragraphs provide a 

summary of the principle cannon weapons in OS/^ATO: 

1,2.2.1 .50 cal {12,7mm}: The famous .50 cal family of 

weapons is one of the oldest designs still in widespread 

use worldwide. Two weapons dominate the market. 

Weapons/Cannons Firing 12,7mm x S9 Ammunition 

Weapon 

Nomenclature 

Weapon Type Rate of Fire 

{Rounds Per xairrafca) 

M2 Browning Recoil Operated 450-635 

GMJ 21 (M3M) Recoil Operated 6000 rpm 

1.2,2,2 20am Cannons: Two types of cartridges dominate 

the 20mm cannon market; namely, 20mm x 102 and 20mm x 139. 

Weapons/Cannons Firing 20s\m X 102 Ammunition 

Weapon Weapon Type Rate of Fire 

Nomenclature {'Rounds Per j&imitas} 

MI 97 Gatling Gatling Gun 730 rpm 
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M61 Vulcan Ga tl i ng Gun 6000 rpm 

MS 21 Giat Blow Back 800 rpm j 

Weapons/Cannons Firinq 20mm X 139 Jtosmmition 

Weapon 

Nataesc 1 ate re 

Weapon Type Rates of Fire 

(Rounds Per sax nut-is} 

KAD Oerlikon Gas or Blowback 600 - 850 rpm 

{ft>3M8®rly the Hispano-

SuAsa BS . 820) 

M693 GIAT Delayed Blowback 720 rpm 

ME, 20 202 

Rhe i m»e tall 

Gas Operated 880-1,000 rpm 

1.2.2.2 25ssm Caimoiss: 25mm like most cannon calibers must 

fire from many different types of Weapons/cannons with very 

different, heat- profiles, dwell times and assmmifciotji 

handling systems, 

Weapons/Cannons Firing 23mm X 137 Jtommition 

Weapon 

Nomenclature 

Weapon Type Rate of Fire 

(Kouttds Per mismt.©) 

M242 Bushmaster Chain Gun 200-500 rpm 

G&0-12 Equaliser Gatling Gun 1800 - 42Q0 rpm 

OerliJton KBA B02B1 

(Hhsinsas ts 11) 

Gas-operated weapon 200-600 rpm 

GIAT 2SMS 11 Externally Powered 

Cam Arrangement 

125-400 rpm 
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1,2,-2 . 3 30BH» Cannons : 30sm weapons provide a useful 

example of the desire for standardized asaasition {within 

ffifO) that guides axsmunition design. There are two types 

of 30mm cannon cartridges in US DoD service 30xam x: 173 and. 

30m® x 113, 

Weapons/Cannons Firing 30mm x. 1.73 AsHBinni tion 

Weapon Noaseixcla fcure Weapon Type Rate of Fire 
{RoHsnds £'®.r rcinwteS 

G&U B Avenger Gatling Gun 4200 rpm 

Bushmaster Chain Gun Chain Gun. 200 rpm. 

Eheinmetall 30-1/2 Gas Operated Weapon 700 rpm 

In many gas operated weapons (like the BJhainmatall 30-1/2} 

proper venting of gases is paramount: to operation of the 

weapon, 

Weapons/Cannons Firing 30mm K 113 Ammunition 

Weapon Weapon Type Kate of Fire 

Mornsociature (Rounds: Per Mnat«) 

AD El? MK4 Recoil (electric primer) 1200-1700 rpm 

M230 Chain Gun 62 S rpm 

1,2.2.4 40mm AGX«s: 40mm Automatic Grenada Launchers 

(AGLs) like the MK19 and MK47 are cross-over weapons. 40Kaa 

AGLs do not fire with the energy of cannons, bnt the 

weapons do fire aja&mxxtxon at a rat® of fire of 250-375 

rounds per minute. The MK.19 that uses an open bolt with 

advanced primer ignition only the part of the un~chambered 

cartridge provides structural integrity,. An MK47, firing 

the same cartridge, is a short recoil operating system 
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firing from a closed bolt. Thereforef the MKX9's cartridge 

case requires greater structural integrity for firing than 

the MK4? as the cartridge cases is not fully chambered at 

the time of primer ignition , An MK47on the other hand, 

fires from a closed bolt (at a slower rate of fire) so 

ammunition fired from the MK47 has a longer dwell time la a 

heated chamber (breach) , It is also important; to realize 

that some weapons {like the MK19) do not automatically 

eject the last spent cartridge ease on. a belt (the last 

cartridge remains on a hot bolt face). 

Weapons Firing 40mm x S3 Ammunition (High Velocity 40ima) 

MK19 Blow Back. / Open Bolt 

{advanced primer ignition) 

325-375 rpm 

MK47 Closed Bolt 250-300 rpm 

HSK Blow Back / Open Bolt 

(advanced primer ignition) 

350 rpm 

1.2.2.5 Sjassunition Standardisation for Automatic Cannons 

and Weapons: One should note, as illustrated in the tables 

above (.50 cal, 20mm., 25mm,, 30mm and 40mm AGLs) that the 

weapon rates of fire vary greatly within each asamuait.io» 

caliber family- WATO standardisation is discussed below in. 

paragraph 1.3. With the large variation in rates of fire 

among automatic weapon families, one will recognize that 

the heat produced in higher rate weapons is much greater 

than, the heat produced in weapons with lower firing rates. 

la an environment where standardised ammxmition is resquired 

to function from. multiple weapons, an effective IM vent for 

medium caliber ammunition xrast provide for (1) venting 

functions in slow and hot cook-off, and {2} while 
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functioning across a spectrum of weapons with different 

action times, different dwell times, where cartridges 

undergo different. 9 loads as the cartridge case undergoes 

the storagef feeding, chambering, function fire, extraction 

and ejection. When considering IM airaaunition solutions for 

ammunition fired from automatic weapons and cannons, the 

Haeselich design, as disclosed in the aforementioned. U.S. 

Patent- Ho. 7,107,909# is inadequate, The design is not. 

robust enough in providing structural integrity to function 

from automatic weapons and cannons. For automatic 

cannon/weapon aamai t,io«, the design requirements are 

further explained herein. 

1,2.3 Beat Transfersf Chamber Dwell Time and Asmsnniteion 

Handling; Some systems, such as turrets in fighting 

vehicles, often have ammunition feed systems where the 

ambient "ready" ammunition is exposed to high temperatures. 

Many closed {unsealed} bolt weapon designs rapidly transfer 

heat into cartridge cases. Weapons such as the .50 cal 

Browning and certain artillery typos kwe cook-off dangers 

where hot barrels rapidly transfer heat to their cartridge 

cases. Some weapons also have slow rates of fire with 

extensive dwell times in a chamber. One should also note 

that the surface {contact area) of "hot" asamunition 

handling surfaces effect the heat transferred into 

cartridge cases„ The heat produced by previous salvos is 

transferred into automatic weapons. Accordingly, the 

cartridge case and IM vent design must accommodate heat 

transfer into the cartridge case during storage, feeding, 

chambering, function fire, extraction and ejection. 
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1.2.3.1 IM Function: The melting temperature of tine 

meltable metallic or polymer plugs must he equivalent, to 

the temperature induced by a heating of a fire (slow cook-

off or fast cook-off testing). Alternatively, the use of 

memory metal alloy alone or in combination with a memory 

metal alloy should provide for venting from the cartridge 

case at a temperature that is lower than that of the ante-

xgnxtion in the primer (igniter), flash tube or propellant 

charge, Heat transfer and elapsed time influence function 

of the IM vents. It is also beneficial (in terms of IM 

effect) to the extent practicable to use the primer to 

energetically open, the vent, thereby contributing to 

inadequate containment and inefficient propellant burn. 

Use of a bursting component with the metallic or polymer 

plug is critical to providing structural integrity through 

the ammunition handling process used in automatic weapons. 

1.2.3.2 Projectile Separation: Another condition is that 

the venting device must be designed to vent gas at an 

internal pressure lower than the pressure which drives 

projectile separation and flight of the projectile when the 

cartridge is not chambered Cor the cartridge is stored in 

containers). 

1.2.3.3 Heat Transfer and Dwell time; Weapons differ in 

the amount of heat induced into the cartridge case during 

feeding {ammunition handling). Heat flows into the 

cartridge as it undergoes storagef feeding, chambering, 

extraction and. ejection (SPCH*FE£) during automatic function 

fire. The dwell time in a hot chamber and area of contact 

surfaces can affect the structural integrity of the 

cartridge case (with IM pings). An understanding of heat 
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flow is especially important in automatic weapons 

cartridge. 

1.2.3.4 Target- IM Transition Point (concurrent or after 

function fire) : As heat is transferred at. each step of the 

feeding cycle, the cartridge case (with IM plug) aears the 

point where struetaral integrity will be lost, The design 

goal is to insure that structural containment is not lost 

prior to function fire. Failure of an IM ping in a chamber 

may r&swlfc in erosion and will certainly foul the weapon's 

breach. For a metallic melting plug coafiguration, the 

prior art does not provide for adequate structural 

integrity to undergo extraction and eject-ion {without the 

raw melting -plug material from oozing from the cartridge 

case fowling the feeding mechanisms). Post-firing 

induction of heat into a cartridge case may cause the IM 

plugs to disintegrate (melt) and foal a weapon. Quickly 

after function fir®, the heat transferred passes the phase 

transition point of the melting plug and the internal 

contents of" the plug liquefies;. The liquefaction of the IM 

plug material results in a loss of structural integrity 

that is critical in same breach mechanisms. It is possible 

to utilize an insulating metal(like zirconium}that provides 

insulation to the IM plug fabricated from either a memory 

metal., a melting alloy or a combination thereof. Depending 

on a combination of factors (dwell time, heat transfer, 

maximims chamber temperature, for example) it may be 

necessary to conduct heat flows around an IM plug, thereby 

delaying the time period for activation of the IM plug. 

Figures 13A and 13B illustrate this timing for memory metal 

and fusible material, respectively. 



WO 2013/180739 

21 

PCT/US2012/055371 

1.2.3.5 Press sure; In order to provide a context for the 

description of the high loads due to the internal pressures 

of certain types of weapons, and feance to understand the 

requirements of" aa IM venting design to withstand •theses 

loads f reference is made to Fig. 2,. which, is a. table of 

values of burst pressures in the cartridge case for a 

variety of weapons and. munitions. 

1.2.3.6 Breach, Bolt Faces and Function Fire: The relative 

pressure, sealing of the breach, mechanical support 

provided by breach and bolts, dwell times and heating of 

the cartridge through the temperature cycle all influence 

the required structural, integrity of an IM cartridge case. 

Where a weapon has a fully sealed .breach,, the breach wall 

arid bolt face will provide important, structural, support 

(containment) off the cartridge case. In some cases, 

chambering into a hot breach may result, in liquefaction of 

the fusible material in an IM plug; in this event, the 

bursting plug must provide for adequate structural 

integrity I in compression) so that, the IM plug fill does 

not fail. Failure would spill melted material and foul the 

•weapon mechanisms and chamber when the Mspent" cartridge 

case undergoes extraction and ejection. 

1.2.4 Risk of Residae and Weapon fouling/Stoppages : It. 

is important to recognise that a malting plug should not 

leave residue and should not melt (or otherwise 

disintegrate) during SFCPF&E. After function fire 

ammunition undergoes ejection, and extraction, the cartridge 

case may undergo significant g loads. The disintegration 

of the cartridges during post firing extraction or ejection 

will £oul automatic weapons mechanisms. Therefore f it is 
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desirable to have structural integrity of a melting plug 

•through the entire post f iring amunitioa handlxng cycle 

(extraction and ejection), There are also shortcomings to 

the cooled "spent cartridges" having hazardous rough edges 

a.rsd surfaces , 

1.2.5 Large Caliber Applications: Some large caliber 

devices use autoloaders, but. many other cannons still rely 

on human operators to feed, chamber, extract and eject the 

ammunition. There are experimental solutions for IDS nm 

Howitzer projectile cases rasing metallic and polymer 

melting plugs. Sea, e.g. NDI& briefing by Carl J. 

Camagnuolo May, 2009, posted at: 

www. dtie. mil / ndia/20 0 ̂insensitive/ 5 B c amp a g n u o 1 o . gdf 

It is possible that fully contained breaches that utilize 

Baaselieh vent plugs from polymers might use melting plugs 

that fully vaporise during ignition.; however,, it is obvious 

that the naked hismiuth tin Cor polymer) IM plugs will melt 

immediately after ignition and the resulting residue will 

foul chambers, breaches, weapons and complicate material, 

handling, Current polymers have carbonized under the high 

flame temperature of burning 105mm propellants«. 

1.2.6 Context of Design Challenge in Automatic Weapons 

and new disclosed art: The fundamental design challenge to 

incorporate IM venting into medium caliber araaranitiott is 

identification of novel arrangements that provides: 

(1) Optimised venting of the cartridge case when exposed to 

outside stimuli. It is desired to maximize the venting 
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area and "use the energy of the primer/igniter to enhance 

venting; 

{2} Sound structural integrity of the cartridge case up to 

the point", of ignition fin a automatic weapon chamber) ; and 

(3) Retention of* adequate structural integrity (after the 

cartridge case is heated by function firing} to preclude 

disintegration in chamber as the cartridge case will 

undergo g forces when extracted from the chamber and 

ejection from the weapon. In this case,, the structural 

integrity mast preclude fouling of the weapon). 

1,2.7 Limited Application of Haeselxch: X» weapons with 

certain characteristics, the Haeselxch design does not 

provide adequate structural integrity required to preclude 

catastrophic failure, venting propellant gases. The 

following three factors strongly influence an XM vent'" s 

design parameters for an ammunition type's cartridge case: 

(1) Integrity of Chsxsbox: Some weapon/cannon chambers 

(breaches) are ̂ sealed" while other weapons feed and ignite 

the cartridges case prior to the cartridge being fully 

chambered. This is sometimes described as a "closed boIf' 

versus "open bolt" design when discussed in the context of 

machine gun design. Further, design of breaches provides 

varying integrity. Automatic cannons have varying 

arrangements and the integrity of chambering and sealing 

varies across calibers. 

(2) Pressure and Structural Integrity in feeding and 

ch&mb&xrxng': A cartridge' s propellant gases generate high 
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pressure. An MR19 BV cartridge will generate about 90 Mpa 

of pressure whereas the pressure o£ both meditua-calxber 

artillery and task ammunition varies between 350 Mpa to 650 

Mpa, 

(3} Indxic&d He&fc: The heat energy transferred into the 

cartridge from the weapon during storage, feeding, 

chambering and firing requires an .improved strength of 

design {integrity} of a cartridge. As the anmrani tiori 

handling system moves the cartridge through different 

stations leading to chambering,, the cartridge case has 

physical contact with ammunition handling systems and the 

automatic weapon (cannon) chamber. The dwell time and 

contact surface area of the ammunition during feeding and 

chambering affects the transfer of heat„ Longer dwell 

times increase the transfer of heat into a cartridge case. 

During function fire a significant amount of heat is 

transferred into the cartridge case. 

As the cartridge case ejection accelerates a "spent" 

cartridge case from the breach and from the weapon, such 

ejection carries heat away from the weapon. During post 

firing ejection, it is desirable to preclude melting plugs 

from disintegrating in the weapon, thereby leaving residue 

that will foul a weapon, 

(4) Law and Mtedxvm Heat Sy&twmt An example of a low heat, 

low pressure, minimum dwell time projectile is the 40mm 

M203. The MK19 MOD 3 system, prevalent with 40mm weapons,, 

is an open bolt design, where the cartridge fires in an 

advance primer ignition system. Therefore, 4Oram KV 

ammunition, fired from a MK19 MOD 3 is never chambered into 
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a hot breach. However, the cartridge may remain in the 

ready position on a MK19 bolt-,, thereby transferring some 

heat from the bolt to the cartridge case. 

(5) H±gh B&ait/Blg-h Pressors Automatic Weapons: Two 

examples of cartridges generally exposed to a high heat, 

high pressure system are <1) a .50 cal {12.7mm} Browning 

weapon, {2} a 2Sara* x 13? cartridges fired from the 25mm 

Bushi&aster series weapons and GAU 12 weapons, and (3) 3Ostsra 

x 173 weapons fired from 30mm Bushmaster weapons, 

Eheinmetall weapons and G&XJ 12 weapons, In this case two 

different types of weapons require the ammmition to 

function (and. the cartridge case to retain integrity) while 

the ammunition is exposed to increasing heat and under high 

pressures, In these two examples, it is important that the 

cartridge case maintain adequate structural integrity 

through the entire cycle of weapon feeding, chambering, 

function, extraction and ejection, Miers. the cartridge 

functions, significant heat is transferred into the 

cartridge case, The expelled cartridge case carries heat 

from the weapon. 

Any attempt to incorporate the Haeselich IM solution into 

most medium caliber weapon/ammunition combinations •will not 

work as the solution does not provide adequate structural 

integrity through the entire SFCFFEE cycle. Therefore, the 

potential application of the Haeselich design with 

automatic weapons is very limited. 

1.3 Other Shortcomings of Haeselich: The Haeselich 0.S. 

Patent Ho. 7f10?,909 does disclose an IM design with 

sufficient structural strength to enable the cartridges to 
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function adequately at low pressures in low heat single 

shot weapons, However,, the design does not provide adequate 

structural integrity for broad application in automatic 

cannons and weapons. In addition to the shortcomings 

identified in paragraphs 1,2, the Haeselich melting plug 

approach has other practical shortcomings and limitations: 

(1) The venting areas are small,, requiring the provision of 

multiple pings in a cartridge case; and 

(2) The vesting device does not provide for a physical 

separation of the primer from the propellant powder» 

13} The actual process of igniting a cartridge rapidly 

heats a cartridge case.. In firing, a tremendous amount o£ 

heat is transferred into the now *spent" cartridge case. 

When the ̂ heated" cartridge is extracted and ejected, heat 

is carried away from the chamber of the automatic cannon, 

It is desirable that the ** spent" cartridge case have 

adequate structural integrity so that the naked melting 

plug does not disintegrate, allowing ejection of the 

cartridge case in a manner that keeps the weapon free of 

debris and materials. Splatter from melted alloys or 

carbonised polymers can foul weapons. 

Generally speakingf it is possible to identify primers 

{igniters) that under heating will initiate before powder 

burning. In this case,, it is beneficial to use the action 

of the primer initiation to physically propel the plug 

primer sub-assessbly away from the cartridge creating a 

greater physical separation from the powder, 
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For the previously disclosed designs,, it is ija.port.ant to 

understand that, heat ^builds up" during the firing process. 

Cartridges are generally chambered into a weapon that may 

have a. great deal. o:f heat. Heat, is quickly transferred 

through thin-walled cartridge cases. In this case the 

Haeselich solution is optimized for 40mm LV a«a»i.tioft 

fired froa M203 type launchers. 

While the Haeselich design has been an important step 

forward and. functions with single shot, low pressure, low 

heat producing projectiles like a 40mm sc 46 LV cartridge 

fired from an M79, M203, M320 single shot launchers or 

similar weapon, it is desired to have IM venting solutions 

that, allow for a. broad use of cartridges in automatic 

cannons and automatic, weapons. Robust solutions will 

provide for IM venting in an environment where cannon, 

caliber ammunition mast undergo stressful ammunition 

handling and function from many different types of 

automatic cannons and weapons. Users in the United States 

Department of Defense and MAT© militaries have 

standardisation, programs and promulgate STAH&GS fMation 

Standardisation Documents) that provide requirements for 

aismnnition cossputability among HAT© militaries, Generally, 

the NATO standardization documents (STANAGs) set 

requirements by caliber and aiaani.ti on type for function 

fire compatibility among multiple automatic weapons, 

NATO STSJSAG Ammunition Compatibility Documents by Caliber 

Ammunition Type SATO Document 

»50 cal 12 . 7mm A&munition ST&NAG 4333 

2 Snxro 2E 137 Ammunition STAHAG 4173 
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3GHSSB x 173 Ammunition STMIAG 4624 

40mm x 53 HV Ammunition SW 4403 

1. 4 Design Objectives of the Present. Invention: For the 

cartridge designer working to optimise IM venting (in slow 

cook--off and fast cook-off conditions) , the fusible 

Material must liquefy for the XM vent to become 

*operational„" When discussing ammunition propulsions 

undergoing slow cook-off conditions the propellant 

generally becomes unstable and initiates the 1st energetic 

event. la fast cook-off conditions, the primer for igniter) 

may initiate first energetic event. Generally speaking, the 

IM event will occur at lower temperatures in slow cook-off 

testing. Liquefaction of the XM fusible material at a 

temperature in the range of 140°C results in a reduced 

structural integrity in the IM vent with busting plug. With 

the 1st energetic reaction {either primer/igniter initiation 

or propellant burn) the bursting plsag fails, venting the 

expanding propellant gases. One can generally expect slow 

cook-off initiation to take place after a cartridge reaches 

140°C. Better propellents could eventually increase the 

temperature where slowly heated propellants ignite; 

however, the temperature of 140°C is identified herein as 

the temperature range that IM cartridge ease should vent. 

Cartridge function (key parameters): 

* Integrity of strength tip to function fire; 

* Integrity of strength (post function fire) to preclude 

disintegration during extraction and ejection; 

* Maximum temperature of the cartridge through SFCFFEE; 

and 
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® Cost effectives of the solution. 

Rga.±n, it is critical that the design retains adequate 

cartridge case structural integrity through the cycle of 

feeding,, chambering, function fire, extraction and ejection 

{automatic weapon fire)„ The need for structural integrity 

extends to post function fire extraction and ejection to 

preclude disintegration of materials after function fire 

that, could lead to fouling of the weapon (or other 

stoppages), 

To stuaanarize, aa efficient solution for a venting device 

for Munitions, including high velocity projectile 

cartridges with high internal, pressures {with higher heat 

conditions found in automatic weapons) , must, achieve the 

following operating conditions in order to provide an XM 

Class V response: 

(1) The venting device in the base off the cartridge case 

should provide the same structural integrity as a standard 

case when it is feed,, chambered, fired,, extracted and 

ejected from an automatic weapon. 

(2) The venting device should perform its function to 

esqpel the gases at a cook off temperature lower than the 

one which produces the auto-ignition of the secondary 

explosive of the booster* and hence the main propellant 

charge, 

(3) The venting device should perform its function, 

creating a large venting area such that the internal 

pressure in the cartridge produced by an accidental 
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ignition, of any the propellant (energetic) materials in 

the cartridge never exceeds the value of the internal 

pressure in the cartridge that would causes the projectile 

to separate and ha propelled through the air with 

substantial velocity, 

SOMMMttf OF TEE 1NVEHT10H 

It is a primary objective of the present invention to 

design a family of Pressure Relief Systems (PRS) for an IM 

cartridge oases that function froas automatic weapons and 

cannons which is comprised of: 

(a) a cartridge case having a base and an upper portion 

forming a propulsion chamber; 

(b) a projectile having a base inserted info the upper 

portion of the cartridge case and Mechanically connected 

thereto; 

(c) a propulsive charge disposed in the propulsion chamber 

of the cartridge case •whose propulsive gases exert a forces 

oa the base of the projectile when they b-arn causing the 

projectile to be driven out of the* cartridge case; and 

(d) an igniter or primer disposed in the base of the 

cartridge case for igniting the propulsive charge, 

A further objective of the present invention is to provide 

a cartridge munition of the above-noted type with an 
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effective and reliable solution to vent, gases from the 

cartridge case in the event that the cartridge causes 

temperatures reach or exceed about I40°C where the prixaer 

or igniter will self-ignite. 

It is a further objective of the present invention to 

provide an IM cartridge munition having a cartridge case 

with structural integrity, It is the objective that prior 

to function fire, the cartridge case (with an. IM plug) has 

structural integrity to function correctly from a family of 

weapons. It is further objective that the cartridge with IM 

plug functions when chambered into a hot breach, After 

function fire,, it is the objective that the cartridge case 

{with IM plug) retains adequate structural integrity to 

preclude disintegration and subsequent fouling of automatic 

weapons and cannons, 

It is a further objective of the present invention to 

provide alternative configurations of an IM cartridge that 

provides a support structure that optimizes venting of a 

igniter {primer or flash tube). 

It is a still further objective of the present, invention to 

provide an IM cartridge munition wherein the structure 

holding the igniter is released (or ejected) when its PES 

is activated. 

These objectives, as well as further objectives which will 

becomes apparent from the discission that follows, are 

achieved, in accordance with the present invention, toy 

providing a cartridge munition with passages that exit, from 

the propulsion chamber and penetrate the wall of the 
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cartridge case. These passages are filled with a solid, 

pressure--tight, fusible filler material, the melting point 

of which is lower than the minimum ignition temperature of 

any pyrotechnic charge in the mm.ition,- i.e. , lower than 

the ignition temperature of the pyrotechnic igniter charge 

and the propulsive charge. One cr more rupturahle, aon-

fusible, pressure relief members that add additional 

mechanical support are positioned between the fusible, 

solidf pressure-tight material and the propulsive charge. 

The rupturable support or relief members are preferably 

positioned adjacent the fusible filler material; that, is, 

between the fusible filler material and the propulsive 

charge or propellant. More specificallyf the fusible 

filler material is either "capped" by, or "enclosed ia" a 

non-fusible material of the support or relief member, such 

as a disk, a cap, or an annular ring. The resulting 

assembly, that is, the non-fusible metal relief member and 

the fusible filler material, provides a useful solution to 

support the propellant, when appropriate, but prevents 

unwarranted ignition of higher pressure types of 

ammunition. 

The pressure relief members (unsupported bursting plug or 

memory metal reaction reducing structural support) are 

designed to fail when the 1st energetic event followed by 

the 2*"* energetic event in a well-vented conf igurafcion. For 

slow cook-off testing, propellant self-initiation will 

create the 1st energetic event followed immediately by 

initiation of the primer. For fast cook-off tests, the 

primer may initiate before the powder. In these 

circumstances, the relief members facilitate venting of 
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propellant; gases either (1) to preclude separation of the 

projectile from the cartridge case 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 

fas© function), which prevents detonation and precludes 

possible loss of life. The fusible material is preferably 

a fusible metal or polymer. Such fusible metals that are 

useful according to the invention include alloys of bismuth 

and tin.. Lead or alloys thereof, etc. , may also be used. 

Hew polymers such as polymi.de start to melt at in the 

correct range. When coupled to a bursting ping the 

polymer or metal ping a practical, producible IM vent with 

adequate structural integrity. 

If a cartridge of the type described herein is heated to 

the melting temperature of the fusible material or metal,, 

for example, to about 140°C# then the fusible material in 

the passages within the cartridge case,, that connect the 

propulsion chamber to the outside, melts. If the 

temperature continues to increase and the primer {or 

igniter) and subsequent propellant charges are ignited, 

then almost no significant pressure will build up within 

the propulsion chamber because the freed passages function 

as pressure-relief apertures. The result is that after 

primer initiation, the propellant (propulsive) charge 

burns inefficiently, and the propulsive gases generated 

escape via the pressure-relief apertures. Consequently, 

the cartridge cases and projectiles are not separated from 

each other, so that the projectile does not fly. For 

ammunition with fused ajamunition, the failure to fly from 
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the projectile means that and safe arm devices (in 

operational fuzes) do not engage and move detonators (in 

flying projectile) into alignment. Therefore, this 

propulsion disabling concept precludes the inadvertent high 

order detonation of ejected operational, projectiles.. 

The passages between the propulsive charge and the outside 

of the cartridge case 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 fnsible 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 case. 

However configured/ the passages and ruptureable members 

must, be so shaped and configured so that, during a normal 

shot of the projectile out of the cartridge case, the 

fusible material and non-fusible ruptureable members 

withstand the high pressures within the propulsion chamber. 

Resistance to pressure may be increased by configuring the 

passages for the fusible material to be conical, decreasing 

toward the outside, or as stepped or threaded holes. 

In one preferred embodiment of the invention, a cartridge 

munition comprises a case projectile inserted into the 

cartridge case and mechanically connected to the cartridge 

shall, wherein a primer or pyrotechnic propulsive charge is 

located in a propulsion chamber of the cartridge case that 

is ignited by means of a pyrotechnic igniter, and whose 

propulsive gases exert a force on the base of the 
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projectile when they burn., by aeaas of which the projectile 

is driven out of the cartridge ease. Passages exit from, 

the propulsion chamber through the cartridge case 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, ruptureable member 

is positioned between the fusible, solid, pressure-tight 

material and the propulsive charge« 

In another embodiment of the cartridge munition of the 

invention, the fusible solid material is a fusible aetal, 

in another embodiment of the cartridge munition of the 

invention, fusible material is an alloy of at least bismuth 

and tin. 

In another embodiment of the cartridge munition of the 

invention, fusible material is polymer having a melting 

point about 140°C .. 

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 X40°C to about 1?5°C. 

In another embodiment of the cartridge munition of the 

invention, the passages are channels that extend from the 

base of the propulsion chamber to the outer base of the 

cartridge case, 
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In another embodiment- of the cartridge munition of the 

invention, the channels are positioned around the igniter 

of the propulsive charge. 

In another ef&foodimenfc of the cartridge munition of the 

invention, the channels narrow as they progress from the 

base of the propulsion chamber to the exit. 

In another embodiment of the cartridge munition of. the 

invention, the channels narrow conically. 

In another embodiment of the invention, the channels are 

stepped drillings. 

In another embodiment of the cartridge munition of the 

invention, the non-fusible,, ruptareafole members are disks 

or caps or they comprise an annular ring. 

In another embodiment of the cartridge munition of the 

invention, each non-fusible, ruptureable member is made of 

a thin wafer, scored or weakened. 

In another embodiment of the cartridge munition of the 

invention, each non-fusible, ruptureable member is made of 

metal or of a rigid polymeria material. 

In another embodiment of the cartridge munition of the 

invention, the metal is copper, steel, stainless steel, 

alnminnm or brass. 
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In another embodiment of the cartridge munition of the 

invention,, the polymeric material is a polycarbonate ox: 

polys tyrene polymer or copolymer thereof, 

In another embodiment of the cartridge munition of the 

invention, at least- one of the passages exits from the 

propulsion chamber through a sxdewall of the cartridge 

case. 

In another embodiment of the cartridge monition of the 

invention, the rnptmreahle member comprises a solid 

material with sufficient strength to sustain normal 

function fire (from automatic weapons) at temperature 

environments encountered up to the point of chambering, 

In another embodiment when the cartridge mention of 

invention reaching a temperature range a phase change of 

fusible material or shape change for memory metal creates 

an absence of mechanical support. 

In another embodiment of the cartridge munition of the 

inventionf the ruptureafoXe member comprises a solid 

material that has been modified to prevent sustaining 

normal operating pressures in the absence of additional 

mcseha.ni.eal support, 

In another embodiment of the cartridge munition of the 

invention, the ruptureable member comprises a solid 

material that provides structural integrity to the 

cartridge case (after the fusible material melts or memory 

metal activities) so that the cartridge case does not 
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disintegrate in during automatic cannon esetr&ction, 

eject-ion. 

In another embodiment of the cartridge munition of the 

invention,, the ruptureable member is made from the 

cartridge casing material by incomplete penetration of at 

least one passage exit. 

In another embodiment of the cartridge munition according 

to the invention, each passage is filled with a pressore-

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. 

In another embodiment of the cartridge munition of the 

invention, the presstara™tight assembly is removable by 

threaded or other mechanical means. 

In still another embodiment of the invention the cartridge 

munition includes a pressure release system having means 

for retaining the igniter in the basts of the cartridge 

case, and releasing it, allowing the propulsive gases to 

vent, if they reach aa elevated temperature, lower than the 

ignition temperature of the igniter and the propulsive 

charge, and present a risk of self-ignition. According to 

the invention this retaining and releasing means includes a 

retaining ring made of shape memory material that surrounds 

the primer (or igniter) and changes its diameter upon 

reaching the elevated temperature, thereby enabling easy 

separation of the igniter from the base of the cartridge 
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case. This retaining ring can either reduce its diameter 

upon attaining the elevated temperature or increase it, 

depending upon the material, from which it is made. 

According to a preferred embodiment of the invention, the 

pressure release system further comprises a primer for an 

igniter) support surrounding and holding the primer {or 

igniter), The retaining ring surrounds and retains the 

igniter support: in the base of the cartridge case and 

releases the igniter support upon reaching the elevated 

temperature. 

In this embodiment the retaining ring is advantageously 

supported, in part, in. the base of the cartridge ease by a 

fusible, solid material that melts at the elevated 

temperature. 

Additionally the pressure release system, further includes 

at least, one ring-shaped nut, having external threads 

configured to engage with internal threads in the base of 

the cartridge case, which serves to fix the retaining ring 

in the cartridge base. 

Advantageously, heat flow in the cartridge munition is 

directed around a venting IM plug by use of zirconium or a 

similar metal with low heat transmission properties which 

provide for delayed weakening of the plug while in a hot 

barrel, In some cases t this delay is useful to preclude 

disintegration of the cartridge case in some weapon 

combinations« 
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Finally, in still another embodiment: of the present, 

invention, a memory metal ring is Inserted between the 

cartridge case and the projectile to which it is crimped. 

The memory metal ring expands on beating, dislodging the 

projectiles from the cartridge cases and thus preventing 

und@sir«ad or accidental discharge of the projectile at 

elevated temperatures „ When the munition, is chambered the 

ring is unable to expand and the cartridge is prevented 

from separating except by firing through the barrel, 

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 

Fig, I is a graph showing the burst pressure inside the 

cartridge case of a 30mm munition, as a function of time. 

Fig. 2 is a table of values of peak pressures in the 

cartridge case for a variety of weapons and munitions. 

Fig, 3 is a longitudinal section through a cartridge 

munition consisting of a projectile and a cartridge case 

that incorporates a propulsion chamber with a propulsive 

charge whereby, according to a first embodiment of the 

invention, a non~fusible raptnreable member and pressure-

relief apertures are provided, between the propulsion 

chamber and the outer wall o£ the cartridge case. 
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Fig - 4 is a par tial representation off a second embodiment 

of a cartridge munition according to the invention wherein 

the pressure relief apertures extend to the lateral 

surfaces of the cartridge case. 

5 is a partial representation of a "third embodiment of 

a cartridge munitics according to the invention wherein the 

pressia.re relief apertures extend to the lateral surfaces of 

the cartridge case. FIG. SA is an enlarged representation 

showing detail thereof. 

Fig. 6 is a partial representation of a fourth embodiment 

of a cartridge munition according to the invention having a 

PRS comprising a shape memory alloy ring embedded in 

melting material. The ring is designed to contract upon 

reaching an elevated release temperature. 

Fig. 7 is another representation. of the fotarth embodiment 

of Fig. 6 illustrating a first phase in the process of 

release. 

Fig. 8 is another representation of the fourth embodiment 

of Fig. 6 illustrating a second phase in the process of 

release. 

Fig. 9 is an assembly diagram showing part of a fifth 

embodiment of a cartridge munition according to the 

invention having a PRS comprising a shape memory alloy ring 

without melting material. The ring is designed to esepand 

upon reaching a release temperature. 
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Fig. 10 is another representation of the fifth embodiment 

of Fig. 9 illustrating the normal configuration of the PRS 

and the configurations thereof in the first and second 

phases of release. 

Fig, 11 is a representation of the sixth embodiment of the 

invention illustrating the normal configuration of the PRS 

and the configurations thereof in first and second phases 

in the process of release. This embodiment includes a shape 

memory alloy ring, without melting material, which is 

designed to contract upon reaching a release temperature. 

Fig. 12 is an end view of a retaining ring showing 

longitudinal grooves symmetrically arranged around the 

outside surfaces, 

Figs, ISA, 13B and 13C are time diagrams showing the 

temperature of a cartridge case and the response of memory 

metal, IM plug and phase shift material, respectively, in 

an IM venting system according to the present invention. 

Fig* 14 is a cross-sectional view of a seventh preferred 

embodiment of an IM vent according to the invention. 

Figs ISA and 1SB are cross-sectional views of an eighth 

preferred embodiment of an IM vent according to the 

invention., both before (ISA) and during (XSB) venting. 

S'ig, 16 is a cross-sectional view of a ninth preferred 

embodiment of an IM vent according to the invention. 
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Fig, 17 is a crass-sectional view of a tenth preferred 

embodiment of an. XM vent, according to the invention. 

DETAILED DESCRIPTION OB' PREFERRED EMBODIJ3EHTS 

The preferred embodiments of the present invention will now 

be described with reference to FIGS. 3-17 of the drawings. 

Identical elements in the various figures are designated 

with the same reference nnmerals. 

A, Composite Melting Ping Pressure Relief System {MFRS"J: 

A cartridge munition 2 shown in PIG. 3 comprises a 

projectile 4 and a cartridge case 6. Cartridge case 6 

includes a propulsion chamber 10 in which a propulsive 

charge 12 is positioned. 

Cartridge 2 possesses a caliber of from 40 mm, for example, 

and is fired from a tube weapon (not shown) where the 

barrel has rifling {twist}, the purpose of which is to 

engage the lans and groves in the barrel exerting a 

rotation on the projectile (indicated only). 

Propulsive charge 12 is ignited pyrotechnically by means of 

an igniter (or primer) cap 30 whereby igniter (or primer) 

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

case 6, 

Passages are provided between the propulsion chamber 10 and 

base 32 of cartridge case 6. Here,, conical channels 34 

decrease in size in the direction of base 32 of cartridge 

case 6. Channels 34 possess a diameter of 7 mm for a 40 
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asm-caliber projectile, for example, and narrow down to 

about 6 sim „ 

By way of example, two, three, or four channels 34 ares 

provided, symmetrical to the central longitudinal line or 

axis of projectile 2 and to igniter cap 30. Channels 34 

are positioned sjfHSBSstxically around igniter cap 30. 

Passages 34 are filled with a fusible metal 36. 

A ruptureable or frangible disk or cap 38A is positioned 

between fl) the fusible metal 36 in the channels 34 and (2) 

the projmlsive charge 12, and another disk or cap 38B is 

positioned at the outer openings of the channels 34. Each 

disk or cap 38A and 38B provides extra support for the 

fusible metal 36 in the channels 34. This is especially 

important in the case of a high pressure munition so that 

fusible metal remains intact prior to an. increased 

temperature condition. 

The 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 is 140°C. The alloy 

is impact-resistant and not soluble in water. Commercially 

available solder alloys such as UTO&LL0X® 255, a bismuth-

lead alloy? and IM)&LX»OX® 281, a bismuth-tin alloy, both 

products of Indium Corporation of Utica, MX,, are useful as 

fusible metals according to the invention» 

The fusible metal 36 is cast into channels 34 after 

appropriate heating. Alternatively, conical rivets are 
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made of the fusible metal that are then, driven or screwed 

into channels 34. 

Disk or cap 38 is intended to fail when mechanical support 

is removed, that is, when fusible material 36 melt-s. Disk 

or cap .38 comprises a metal or other rigid material, such 

as a polymeric xaai.eri.al, that is adequate for containment 

of propulsive charge 12 in the absence of fusible material 

36 melting but. then is scored, weakened, or otherwise 

designed to fail when fusible material 36 melts. The cap 

precludes the alloys (that may become soft after cartridge-

ignition) from melting and fowling the weapon, Suitable 

materials for annular disk, or cap 38 include, but are not: 

limited to, metals such as copper, steel, stainless steel, 

aluminum, or alloys thereof, such, as brass, or certain 

polycarbonate or polystyrene polymers or copolymers. 

Propulsion chamber 10 is tight and pressure-resistant 

toward the exterior by means of fusible metal 38 so that 

cartridge 2 may be fired from a tube weapon, in the same way 

as a conventional cartridge, The combination of the 

conical shape of channels 34 and annular disks or caps 38 

prevents fusible metal 36 from being forced from channels 

34 by the high pressure in the propulsion chamber. 

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 
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charges 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 case 6 and projectile 4 further remain 

mechanically connected via the threads 24 and 26 so that no 

major damage can occur due to neither the high pressure nor 

to separation of the cartridge case 6 and projectile 4. 

FIG. 4 is a schematic representation of a partial cross-

sectional view of a cartridge case 6 representing another 

eaafoodiment of the invention. Channels 34 with fusible 

material 36 extend radially to the outer perimeter 42 of 

cartridge case 6. Disks or caps 38, or optionally an 

annular ring comprising the relief member (not shown), are 

positioned between fusible metal 38 and propulsive charge 

12, In this embodiment there can he from two to four 

channels 34 symmetrically arranged around cartridge 6, 

FIG. 5 is a partial schematic representation of a third 

embodiment of the invention. In the base SO of cartridge 

case 8 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 88 that accommodates a non-fusible, 

rupture-able disk 70 and a sealing O-ring 72, Whan 

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 shown in detail in FIG. 52k« 



WO 2013/180739 PCT/US2012/055371 

47 

In this embodiment, there can be from two to four channels 

54 s^rojaetrically arranged around cartridge case 6, 

The cartridges in Figs» 4 and 5 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 in connection with Fig. 3, 

It is also possible, of course, to use other low melting 

point materials as fusible material 36 instead o:f the 

bismuth/tin alloy mentioned as long as it is strong enough 

to seal the pressure-relief channels completely so that, a 

normal shot is possible from a tube weapon, 

B, Combined Shape Memory Alloy Ring and Composite Melting 

Ping PRS: 

Insensitive Monitions technology is demanding 

innovative solutions in pressure relief systems |,VPRS") to 

mitigate the hazards of explosion (blast) and kinetic 

effects (high velocity fragments) due to unexpected events 

defined in IM policies, 

According to the present invention an IM PRS has been 

developed for a projectile cartridge using smart materials 

(including a shape memory alloy) in combination with a 

melting support plug that achieves the various objectives 

of the invention as well as the three operating conditions 

described above. 

This IM PRS cartridge has been designed for a 30 mm high 

pressure munition as a reference case. Xt should be 



WO 2013/180739 PCT/US2012/055371 

48 

emphasised- that this PRS concept;, as described below and 

.illustrated is Figs 6-12,. creates a most, challenging design 

problem for this projectile cartridge, due to its 

geometrical constraints as well as the pressure variations 

from burst pressure to the pressure acting in the cartridge 

case outside the barrel, in the event of unexpected thermal 

stimuli that would normally cause to the projectile to fly 

away. 

It is evident that for large caliber projectiles, this 

concept, is less demanding from the point of view of 

stresses and geometric constraints. 

Fig 6 illustrates this PES design., with the main components 

thereof listed and identified in the figure. 

This PES design comprises an assembly of a cartridge case 1 

holding, by means of a support 2, an igniter {flash tube 

and/or primer) 7 and a propellant 8 - The PRS employs a 

shape memory alloy (contracting) ring 5 and a cosaposite 

melting material plug 4 and is therefore referred to herein 

as a "combxned PES,." 

As shown in Fig. 6 this combined PRS is assembled using the 

following components: 

(1) A contracting ring S (made of a shape memory 

alloy) ; 

(2) K meltiag material plug 4 (made of a composite 

material); 
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(3) & circular support. 2 surrounding and holding the 

igniter 7; and 

{4} Ring-shaped support nuts 3 and € that- retain, the 

assembly within, fche cartridge case. 

For normal operation the internal pressure in the cartridge 

case is withstood by the assembled set of components of the 

PRS. The operational pressure is transferred by shear 

forces acting on the contracting ring to the frontal nut 

and through the melting material plug to the rear nut. 

The PRS is thus able to maintain the integrity of the 

pressure chamber. 

When exposed to a specific heat range {above the normal 

handling and. operating range and below the auto-ignition 

temperature}, the composite material plug 4 melts allowing 

the contracting ring 5 to contract against the circular 

support 2, Fig, 7 shows the cartridge in this stage of 

operation . 

The memory metal of the ring 5 contracts producing a 

mechanical force that expels the assembly. The expelled 

assembly creates a large venting dnct. As the temperature 

rises, auto-ignition occurs and gases are vented from that 

duct, preventing them fro® propelling the projectile and 

causing it to fly away. This stage of operation, is shown in 

Fig. 8 .. 

When the expelled assembly creates a vent at the rear of 

the cartridge, the igniter (primer or flash tube) increases 

its physical distance from the propellant. This physical 
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separation provides for a, more predictable auto-ignition 

sequence and the physical separation further reduces the 

pressure of propellant gases, 

T&e trigger temperature for the PRS is determined fey a 

thermal, simulation model using computational mechanics, 

using as input the heat flow rate provided in the standards 

for the fast and slow cook-off tests. I'he shape memory 

alloy composition can be customized to contract at that 

specific temperature and consequently will, not suffer any 

noticeable change in. its geometric dimensions due to the 

increasing heat flow until that temperature is reached. 

In the preferred embodiment of this combined PRS, the 

following materials were employed: 

(1) Support 2 and nuts 3,6; steel; 

(2) Melting material 4; polyamxde reinforced with high 

strength fibers; and 

(3) Memory alloy contracting ring 5: titanium-nickel 

alloy. 

The cartridge case and projectile ware made of conventional 

materials• 

In order to verify this design concept and the component 

geometry as well as the material selection, a finite 

element model was developed and the stress and strain were 

ealcula ted« 
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tfhe results of these tests show that the stresses in. the 

components are below 500 MPa, which is compatible with the 

ultimate tensile strength of the selected materials isteel, 

memory alloy and composite material) .. 

Calculation of the stresses and displacement of the 

complete PRS and. the cartridge case for the most demanding 

load case, which is the normal operation of the munitions 

with a peak internal pressure of 460 &U?a, demonstrates that 

the maxismffi Von Mises stresses on the ring are under 500 

MPa. 

C: Shape Memory alloy PRS Rings: 

Two other designs complete the family of PRS far 

s&edinm/liigh pressure cartridge cases according to the 

invention, 

$he PRS designs described below axe intended to be used in 

cartridge cases which are less demanding for structural 

integrity than the one described above and referred to as 

the ^combined PES" using both a shape memory alloy ring and 

melting composite material plugs. 

In these additional embodiments a shape memory alloy (SM&.) 

ring 3 is located as a structural part linking the 

cartridge case 1 and the support 2 which is released in the 

event of an unexpected thermal stimulus. 

One embodiment employs an expansion fastener ring (Fig. 10) 

and the other uses a contracting fastener ring (Fig 11.) 

surrounding the support 2 for the primer 7. 
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In both designs the SMft. ring 5 is triggered to either 

expand or contract, respectively, at a specific temperature 

according to the results of the thermal simulations for 

fast and slow cook off environments, At the elevated 

release temperature, the expansion (or contraction) creates 

a vent in the cartridge case.. Auto-igni txon ignites the 

propellant (or primer or flash tube) and the veixt releases 

the hot gases „ Consequently the cartridge case does not 

contain the rapid expansion of the propellant gases leading 

to projectile separation and flight. The energy is isaparted 

into the projectile and dissipated, precluding flight of 

the projectile with the warhead and minimizing damage to 

the .launch, platform ox storage location. 

Fig. § shows the elements of these two alternative 

embodiments in perspective view. In the associated item 

list, the number 4, referring to the "melting material," is 

included in order to provide the same numbering as in Fig. 

6, despite the fact that in these embodiments there is no 

composite melting material. 

The fastener rings are designed in both embodiments with 

four grooves f as shown, in Fig, 12 f in order to hold the 

ring in the proper position and guide it to move in the 

right direction when it is expanding or contracting, 

respectivelyt not allowing a potential interference that 

could prevent the PRS from releasing freely. 

As in the case of the embodiment of" Figs, 6~8, these PRS 

embodiments also create a large venting area when compared 

with other solutions for IM venting. 
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Figs, 13&, 13B are time charts showing fcfess cartridge case 

temperature during the seven automatic weapon firing steps 

A through G, as set forth and explained in the '"Background 

of the Invention'' section above.. Pig 13A shows the 

activation time of shape memory alloy while Fig. 1SB shows 

the activation time of IM fusible plug material; that is, 

in both cases when the IM vent becomes operational. Fig, 

13C is a time chart showing the IM vent activity upon heat 

exposure during a cook-off test, either a slow or fast 

cook-off. 

As may be seen in Figs. 13A and 13B, heat is rapidly 

transferred from the weapon to the cartridge case, but the 

munition, is fired before the IM vent: has time to activate. 

Fig, 14 is a diagram of another embodiment of the present 

invention, similar to that of Figs. 5 and 5A. In this 

embodiment the cartridge ease is provided with two 

ruptnrable metal disks 101, one at each opposite end of the 

fusible material 102 in each venting channel, This 

arrangement provides additional structural strength and 

support to the cartridge case and prevents leakage of the 

fusible material at elevated temperatures, 

Figs, ISA and 15B show still another embodiment of a PRS in 

a cartridge case. Fig. ISA a ring of shape memory alloy 

surrounds and retains a primer at the base of the 

cartridge,. When heated to an elevated temperature 

(approximately 140vC), the ring expands, releasing the 

printer, as shown in Fig. I SB. 
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Fig. 16 is a diagram of still another embodiment of the 

present invention, similar to that of Figs. 5, 5A and 14. 

In this embodiment the fusible metal or polymer 202 in each 

venting channel is surrounded by no«~feasible material 201. 

This arrangement also provides additional structural 

integrity to the IM bursting plug and prevents leakage of 

the fusible material at elevated temperatures. 

Fig. 17 shows still another embodiment of a munition 210 

with a cartridge case 212 crimped to a projectile 214. A 

memory metal ring 216, disposed between the cartridge case 

212 and the projectile 214,. expands on beating, separating 

and dislodging the projectile from the cartridge case and 

thus preventing undesired or accidental discbarge of the 

projectile at elevated temperatures. When the munition is 

chambered is a barrel the ring 216 is unable to expand and 

the cartridge is prevented from separating except by firing 

through the barrel. 

The PRS family described hereinabove provides an important 

contribution to IM compliant type V response in XM 

munitions development, 

There has thus been shown and described a novel cartridge 

munition which fulfills all the objects and advantages 

sought: therefor . Many changes , modifications r variations 

and other uses and applications of the subject invention 

willf however, become apparent to those skilled in the art 

after considering this specification and the accompanying 

drawings which disclose the preferred embodiments thereof. 

All such changes,, modifications, variations and other uses 

and applications which do not. depart from the spirit and 
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scope of the invention. are deemed to be covered by the 

invention, which, is to be lixiiited only by the clairfis which, 

follow, 
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C L A 1 M S 

What is claimed is: 

1. A cartridge munition, comprising a cartridge case 

and a projectile inserted into the cartridge case and 

mechanically connected thereto, wherein a propellant charge 

is disposed in a propulsion chamber of the cartridge case 

that is ignited by means of an igniter or primer and whose 

propulsive gases exert a force on the base of the 

projectile when they burn causing the projectile to be 

driven out of the cartridge case, and wherein at least one 

passage exits from the propulsion chamber through the 

cartridge case that is substantially filled with (1) a 

fusible, solid, pressure-tight material whose melting 

temperature is lower than the ignition temperatures of the 

pyrotechnic igniter and the propellant charge of the 

projectile, and {2} at least one non--fusible, ruptureable 

insensitive munition plug member positioned between 

the fusible, solid,, pressure-tight material and the 

propellant charge to provide additional structural 

integrity to the cartridge case. 

2. The cartridge munition of claim 1, wherein the 

fusible solid material is at least one of a fusible metal 

and a polymer. 

3. Tim cartridge munition of claim 1,. wherein the 

fusible solid material is a fusible metal consisting of an 

alloy of at least bisssuth and tin and bismuth, and lead. 
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4, The cartridge munition of claim 3, wherein the 

fusible metal is a bismuth/tin alloy with froaa about 30 fco 

about 40 % by weight of bismuth and from about 60 to about 

70 % by weight: of bin, having a melting point of about 

140°C. 

5, The cartridge munition of claim 2, wherein the 

fusible solid material is a polymer which has a melting 

point of aboilt 140"C. 

6, The cartridge munition of claim 1, wherein the 

passages are channels that extend from the base of the 

propulsion chamber to the outer base of the cartridge case. 

7, The cartridge munition of claim 6, wherein the 

channels are positioned around the primer (or igniter) of 

the propulsive charge allowing for physical separation of 

the primer from the propellant, 

8, The cartridge munition of claim 6, wherein the 

channels narrow as they progress from the base of the 

propulsion chamber to the outer base of the cartridge case. 

9 v The cartridge munition of claim 1, wherein -the XM 

plug member is a disk or cap. 

10. The cartridge munition of claim 1, wherein the IM 

plug member forms an annular ring. 

11. The cartridge munition of claim 1,. wherein the IM 

plug member is scored or weakened. 
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12. The cartridge munition of claim 1, wherein the XM 

plug member is made of at least one oi: a metal and a rigid 

polymeric materia,!. 

13. The cartridge munition of claim 12, wherein, the 

IM plug member is made of a metal consisting of at least 

one of copper,, steel,, stainless steal, alumiauaa, and brass, 

14. The cartridge munition of claim 12, wherein the 

XM plug member is made of polymeric material consisting of 

at least one of a polycarbonates and polystyrene polymer or 

copolymer thereof. 

IS.. The cartridge munition of claim 1, wherein at 

least one of the passages exits from the propulsion chaaaber 

through a base (sidawall) of the cartridge ease, 

15. The cartridge munition of claim I,. wherein the IM 

plug member comprises a solid material with sufficient 

strength to sustain structural integrity through normal 

operating pressures of a feeding,, fixingextraction, and 

ejection cycle, 

17, The cartridge munition of claim 1,. wherein the IM 

plug member is so configured that, when heated during 

firing and. undergoing extraction and ejection, it: does not 

disintegrate in a manner that, could foul a weapon or make 

the weapon difficult to clean. 

18, The cartridge munition of claim 1, wherein the 

strength of the IM plug member is weakened at higher 

temperatures to allow for venting. 
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19. The cartridge munition of claim 1, wherein the IM 

plug member comprises a solid material that has been 

modified and configured to retain, structural integrity 

during normal operating pressures in the absence of 

additional mechanical support, 

20. The cartridge munition of claim 1, wherein the IM 

plug member is made from the cartridge case material by 

incomplete penetration of at least one passage through the 

cartridge case. 

21, The cartridge munition of claim 1, wherein each 

passage is filled with a pressure-tight assembly comprising 

an XM plug member formed of 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. 

22. The cartridge munition of claim 18, wherein the 

prassnrsa-fcight assejahly is removable by threaded or other 

mechanical means, 

23, The cartridge munition of claim 1, wherein heat 

flow is directed around the IM plug member by a metal 

shield having low heat transmission properties, thereby to 

provide for delayed weakening of the IM plug member while 

the munition is retained in a hot barrel. 

24, The cartridge munition of claim 23, wherein the 

metal shield is made at least in part of zirconium. 
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25. A cartridge munition comprising, in combination: 

{&) a cartridge case having a bass and an upper portion 

forming a propulsion chamber; 

(fe) a projectile having a base inserted into the upper 

portion of the cartridge case and mechanically connected 

thereto; 

{c} a pyrotechnic propellant charge disposed in the 

propulsion chasab©.r of the cartridge case whose propulsive 

gases exert a force on the base o£ the projectile when they 

burn causing the projectile to be driven out of the 

cartridge case; and 

(d) a pyrotechnic igniter or primer disposed in the base of 

the cartridge case for igniting the propellant charge; 

the improvement wherein said cartridge munition includes a 

pressure release device for venting propulsive gases from 

the propulsion chamber of the cartridge case if an elevated 

ambient temperature,, lower than the ignition temperature of 

the igniter and the propulsive charge,, presents a risk of 

self-ignitionf said pressure release device having means 

for retaining the igniter in the Base of the cartridge case 

and for releasing the igniter thereby leaving an opening 

the base of the cartridge case when it reaches said 

elevated temperature f said retaining and releasing means 

including a retaining ring made of shape memory material 

that surrounds the igniter and which changes its diameter 

upon reaching said elevated temperature r thereby enabling 
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separation of" the igniter from the base of the cartridge 

case. 

26. The cartridge munition of claim 25, wfearsin heat 

flow is directed around the pressure release device by a 

metal shield having low heat transmission properties,, 

thereby to provide for delayed separation of the igniter 

while the munition is retained in a hot barrel,. 

27. The cartridge munition of claim. 26 f wherein the 

metal shield is made at. least in part of zirconium. 

28, The cartridge munition of claim 2S, wherein said 

retaining ring reduces its diameter tspon reaching said 

elevated temperature. 

29, The cartridge munition of claim 25, wherein said 

retaining ring increases its diameter upon reaching said 

elevated temperature. 

30. The cartridge munition of claim 25, wherein said 

pressure release system further comprises an igniter or 

primer support surrounding and holding the primer or 

igniter, and wherein said retaining ring surrounds and 

retains the igniter support in the base of said cartridge 

case and releases said igniter support: upon reaching said 

elevated temperature. 

31. The cartridge munition of claim 25, wherein said 

retaining ring is supported, at least in part; in the base 
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of the cartridge case by a fusible, solid material whose 

Halting temperature is lower than "the ignition tempera .tare 

of the igniter and the propulsive charge. 

32. The cartridge munition of claim 25, wherein said 

pressure release; system further includes at least oas ring-

shaped nut having external threads configured to engage 

with internal threads in the base of the cartridge case,, 

said ring-shaped nut being adapted to fix said retaining 

ring in said base. 

33. A cartridge munition comprising a cartridge case 

and a projectile inserted into the cartridge case and 

mechanically connected thereto, wherein a propellant charge 

is disposed in a propulsion chamber of the cartridge case 

that is ignited by means of an igniter or primer and whose 

propulsive gases exert a force on the base of the 

projectile when they burn causing the projectile to be 

driven out of the cartridge case, and wherein at least one 

passage exits from the propulsion chamber through the 

cartridge case that is substantially filled with a fusible, 

solid, pressure-tight, material whose melting temperature is 

lower than the ignition temperatures o£ the pyrotechnic 

igniter and the propellant charge of the projectile, the 

improvement wherein the fusible material in said at least 

one channel is surrounded by non-fusible material forming 

an IM plug member positioned adjacent the propellant charge 

to provide additional structural integrity to the cartridge 

case« 

34. A cartridge munition comprising, in combination: 
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(a) a cartridge case having a base and an upper portion 

fonsiug a propulsion chamber ? 

(fo) a projectile having a base inserted into the upper 

portion of the cartridge case and mechanically connected 

thereto; 

(c) a pyrotechnic propellant: charge disposed in the 

propuls ion chamber of the cartridge case whose propulsive! 

gases exert a force on the base of the projectile when they 

bum catasxng the projectile to foe driven oat of the 

cartridge case; and 

(d) a pyrotechnic igniter or primer disposed in the base of 

the cartridge case for igniting the propellant charge; 

wherein said cartridge munition includes at least one 

pressure release pltsg for venting propulsive gases from the 

propulsion chamber of the cartridge case i£ an elevated 

ambient temperature, lower than the ignition temperature of 

the igniter and the propulsive charge, exists for a 

sufficient period of time to present a risk of self-

ignition,, said at. least one pressure release ping being 

formed in part by a fusible,. solid, pressure-tight material 

whose melting temperature is lower than the ignition 

temperatures of the igniter and the propulsive charge,. 

the improvement comprising a metal shield having low 

heat transmission properties, thereby to provide for 

delayed release of the pressure release plug while the 

munition is retained in a hot barrel. 
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35, A cartridge munition comprising, in combination: 

(a) a cartridge case having a base and an upper pertion 

forming a propulsion chamber; 

(b) a projectile having a base inserted into the tipper 

portion of the cartridge case and mechanically connected 

thereto; 

<c) a pyrotechnic propellant charge disposed in the 

propulsion chamber of the cartridge case whose propulsive 

gases exert a force on the base o:f the projectile when they 

burn causing the projectile to be driven out of the 

ca r t rxdge case; 

(d) a pyrotechnic igniter or primer disposed in the base of 

the cartridge case for igniting the propellant charge; and 

(a) a memory metal ring disposed between the cartridge case 

and "the projectile base,, said memory metal ring being 

adapted to expand on heating, thereby separating and 

dislodging the projectile from the cartridge case and thus 

preventing nndesired or accidental discharge of the 

projectile at an elevated temperature lower than the 

ignition temperature of the igniter and the propulsive 

charge. 


