- 1 - PROPELLANT SEALI NG SYSTEM FOR STACKABLE PRQJECTI LES FI ELD OF
THE I NVENTION 5 This invention relates to systens for sealing of
pr opel | ant charges inrelation to stackable prol ectiles, particularly

to a systemfo ?Rw.ﬁi(faﬁtﬁse to

prevent igniti cHaf e JASES 1

t he | eadi ng proj ectl les in the stack Nbre particularly the i nvent| on
rel ates toFgrohectlles V\hlch_}a%y be | oaded into a barrel assenbly in
the field FiB | NVENTI ON A wi de range of sealing
systens have been devel oped for weapons havi ng stacked projectile
arrangenents or barrel assenblies, such as the "wedging" f¥

descri bed iThistisventonaglatesposysives ey ssrimatgropelap ghagges i relation o stackable
"projectil . a projectile to
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general | y peasehtdgsitiomdf the whagaby gseatesulting fiomagpition of thedeqdingdpreigetiles in

prevent bl Kk ases do

Cyatom i s presem M bl iy B3R 0 e REpRRfe ol R BBt mo «
proj ecti | e Hafrelssehadkinthé fieldsual | y cause uncontrol led ignition of the
propellant in a 20 trailing projectile. Wdging systens generally
formselfs by interaction between successive projectiles in a stack.
An axial fqfcexdqmuipeoRarHE INvENageN he interaction either when the
stack is loaded in a barrel or when projectiles are fired fromthe
barrel, or both. The interaction causes a 25 collar or tail on each
projectile %%ﬁé F}Qﬂ% bﬁtsgﬂﬁlgg%teﬁlg N6 thelh td%vél&}f‘edbﬂfrewégpoh@%aﬂﬂé rs@cked
preventi ng bl ow ba ast t poi nt. Dependi ng on Ppressures

i nvol ved, tmegeaﬂpanahg&glepiarw b@treleaasﬁmhbsmse@t 29 eu"gfe@glpa caysieqs glescgiped in
nmet al o pl inCh 0, I r

t he bar %| %&% i 8% %ﬂ&isr’evéi?tgg Il;r%ﬁ g{ﬂ% tS’ﬁS}dJ@duhf‘% ﬂgqﬂﬁlléégﬁgms
syst ens hawvghibie e Weves/eg98d1, for example. The pro;ectlles in these weapons are generally

caseless and temporary seals are therefore required to prevent blow-back of ignition gases
down the barrel. If no sealing system is present, hot pressurised gases from ignition of a
Jeading projectile in a stack will usually cause uncontrolled ignition of the propellant in a

20 trailing projectile.

Wedging systems gencrally form seals by interaction between successive projectiles in a
stack. An axial force down the barrel causes the interaction either when the stack is loaded
in a barrel or when projectiles are fired from the barrel, or both, The interaction causes a

25 collar or tail on each projectile to expand into-fight contact with the bore of the barrel,
preventing blow-back past that point. Depending on the pressures involved, the expanding
part of each projectile is typically a soft metal or plastic which deforms into a
circumferential contact with the barmel, Various "forward", "reverse”, "nose-to-tail" and
"stick" systems have been developed.
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- 2 - \eapons that use wedging systens_gan be difficult for a user in
the field to reload and generally require loading in a factory or
ot her specialised environnent. A large force is usually required to

formthe seal and.the surfaces that intetact. within the barrel _ t
o aut £ 1 c; SRS at e et oah B BN et by o B B0, S AR ama
shocks or eldrally RQuit@lvaBingenkdictibiyer vtiak sSpaiulisseeiivd@ninbe:. rellirgdtdred i

of the weapons. Long cartridges containing pre-stacked prqjecti]es
are used foFuallyirgguicddo form He SFiﬂeﬂ“S,th%ﬁﬁffaﬁﬁr“eﬁa‘io%%cél"f“;}mégﬁ&?ﬂﬁ Rug be
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successi Ve weebjreteseds and irsiviee Hlegelizhility efttheywiaencas.| F-osgicermidgss fgptaining
rel oadi ng in, iel.d.. ] I, S

an obj ect 3’?6 %t%g{ela gégg%hilegn 0 grf(g)ﬁeyeg élﬁl}?{%%%db ué%e?ﬁ'sﬁlg}g? %l {%rgse
st acked 15 nmydjegedblérestic forthatusdreast to provide an alternative to

exi sting systens. |In one aspect the invention nay be said to reside
in a projectile for use in a barrel with stacked projectiles,

includi ng: Sysiehanhey utipet goltciig-taphyj@iR kalihg dhat gealk diy dd@action between

projectile, an exit frgmithe chanber for relea f propul.sion ses

i nto t he) harPeEpsiVRHERICEHES: Jhes A nozeenegalkygmtf?biﬁﬁr stlopding g ghe ield.

bl ocki ng the exit which is opened by ignition of the propellant

wi thin the chanber but is resistant to gases produced by ignition of
propel | ant SUMBIARY QF dHEINYENTIAON he barrel. In one enbodi nent the
exit is an aperture in a wall of the chanber and the seal is a 25
noveabl e barrier in the aperture, such as a valve-like structure. In
anot her enfoiitherefbre dveobgoct bf the irventpen tprovids av impveret] sedling lhpsterh fortstacked

and the seal .is.a rupturable barrier across the aperture. In a
further Iint%?fie%?ﬁ % éeagétg|pr?vg:&aaandaztp%1'aﬁ%eotpgx18§?g §y§t§m§br oss the
aperture. In a still further enbodi nent the seal is a thin bather
around the charge such as g bag, w apping.or. coating apd the exit .
nvol ves o 11SGPRESH 61 BVRaR ABYAE B LB § BRoICCTF BT A P o) vith
eﬂbﬁg' ment gRRedFdjectiRs,afclhdR@rLeHamBEORREA NS pidpRlIAR CRAYE YorGhe pdRetile,
chanber.

an exit from the chamber for release of propulsion gases into the barrel when the propellant

20 is ignited, and a seal blocking the exit which is opened by ignition of the propellant within
the chamber but is resistant to gases produced by ignition of propellant in other projectiles

in the barrel.

In one embodiment the exit is an aperture in a wall of the chamber and the seal is a
25 moveable barrier in the aperture, such as a valve-like structure. In another embodiment the
exit is an aperture in & wall of the chamber and the seal is a rupturable barrier across the
aperture. In a further embodiment the seal is a deformable barrier across the aperture. In a
still further embodiment the seal is a thin barrier around the charge such as a bag, wrapping
or coating and the exit involves a disintegrable character of the bamier. In a further

30 embodiment the seal is an inherent property of the geometry of thee chamber.



- 3 - Preferably the seal not only resigts gases produced by ignition
of other projectiles in the barrel, but the action of the seal is
al so enhanced by t he pressure of the gases. In the case of a seal

formed by rrler for . exanpl e re nma rge
e b ) P dus peel B Ely s SR wiotwr 0y TRt SEPHE RS HF e
chanber. 5bBesf Ritakd setibhef eRevilngaled edHageadedd thé Pressupd 6f BEbhdeq TO®S case
not create debrr s, whi.ch m ght_ inpede the passage of subsequent

proj ectil eST A% é@ﬂwﬁéyeazm@ablerbﬁrrreﬁﬁnr@a%plsﬂha ZRTRIFSSIES, Ryugy the barrier

rupt ur abl € gtk Bbsd: Qontei ST djackifl ke Gfiies Ll ons of the barri er
remain attached to the chanber” and are carried out of the barrel by
the proj®ctile. In the case of a seal having 10 a disintegrable
character, y i 0

consumed WhEHERRS e RSP <t 33 Blojll A ol BRI U ki migh
anot her aspepddetihepassage pf sudnequest rdejsctiles 1amdceﬁb bm;gels )hsttermfem’f aa;eal formed
propel | ant ,charge, .jncluding: a copntainer .for.the.char and

reans for PaRduEGtsle ST e e rhed SSTLS SEME RPIGE HEn S fthed t
charge is ighitag@er dekeédriédGuteX tle bABEINS the pRpRAR] BYhd @8 41 Ditalliaving
t he char e wi,thin the chanber but is resistant to |gli ion Qf char easd

out si deld he Hgrtegranisrchapciercthy segl shpdd Rsniprgelyepr PRTElY desiRPEF o d1P

in a |arge@,}éhﬁwgﬁe@aﬁg{ﬁﬂd@&e@hﬁwgqé-[lu{e@ or barrel assenbly. The
exit means 1s typically an aperture that is closed by a noveable, 20

rupturable or deformable barrier. AI ternatively the container may be
a relativel s

r2ppi ng, AP 3 e A e 3F D RaRHE byt P 0o fipplant ohar,
di si ntegr ammmzdmg atdfmtaluwrrrfmeiﬂne clitrge, élemgaaawfoalrsleasb@f anmbuﬁﬁen@ai from
property.of, the cha .|nvent| .al.so srdes i.n

Pcbnbl §5 cdht SHERG een REth Gl RV ER B B rCRer S pPel PP i of
defi ned abQNeecha@%dmﬁﬂn ﬂﬁtchad’ser(bilt 1s oaihtang toapaitibn of chgrges onteide tﬂee:entamer
havi ng sealing systens as indicated above.

Preferably the container is a chamber formed in a larger structure such as a projectile or
barrel assembly. The exit means is typically an aperture that is closed by a moveable,
20 rupturable or deformable barrier. Alternatively the container may be a relatively thin
barrier around the charge such as a bag or wrapping, and the exit means includes rupture,
burning or other disintegration of the barrier. The sealing may also be an inherent property

of the chamber,

25 The invention also resides in a barrel assembly containing stacked projectiles with
independent sealing as defined above, and in methods of loading and firing projectiles

having sealing systems as indicated above,

These sealing systems can function to isolate propellant charges independently of other

30 sealing interactions between adjacent projectiles or between projectiles and the barrel. A



- 4 - sealing action of this kind will _gssist the design of stacked
weapons whi ch are individually rel oadabl e. The invention al so
resides in any alternative conbination of features that are indicated

in 5 thi ficat Al t
Lo be i ol SHGE aGRHRL s Kok or T e b 8o bR SepP R Vet AL PAATRS
Preferred estbgdbigents of the invention will be described with respect

to the acconpanyi ng drawi ngs, of which: Figure 1 shows a stackable
projectile having a generalised burner system Figures 2a, 2b

show how pm@%JeﬁH&n gesRIudty R |a|1t¥mfa{1@’\édn{b1€at@ﬁroﬁ' elatwbethaars iivhdeed in
projectile is fired, 15Figures 3a-d show a burner z‘i/stemvmth a

moveabl & sdds spel@lfgamca‘s Mhbequiesteoty of these ifeatirenatg sleemed ubaninelufed whefhereor
3, Figures 4 urther variation, Figures 5a, b show a
further varia h§lgg\é\ét%ﬁ{e burner in Figure 3, Figures 6a-c show a
further bur ner w th a noveabl e seal, 20Figures 6d-f show a further

Froures saddSTHSPICBRRSEr wi th & motur bl o seal . Fioures 4. b show
a variation of the burner in Figure 8a-d, Figures 9c, d show a
]; 3; B?;H}lgr Ig%ftal}rgdn en%b%flirggnrtse Sof ! ?h% ﬁveﬁgc?ﬁ,v \?ﬁllf be ' IAnescri od ith V\gespec{i to the
accompanying drawings, of which:
Figure 1 shows a stackable projectile having a generalised burner system,
Figures 2a, 2b show how propellant gases typically flow in a barrel when a stacked
projectile is fired,
15 Figures 3a-d show a burner system with a moveable seal,
Figures 4a-d show a variation on the burner in Figure 3,
Figures 4e-f show a further variation,
Figures 5a, b show a further variation on the burner in Figure 3,
Figures 6a-c show a further burner with a moveable seal,
20 Figures 6d-f show a further variation,
Figures 7a-c show a burner system with a pivoting seal,
Figures 8a-d show a burner with a rupturable seal,
Figures 9a, b show a variation of the burner in Figure 8a-d,
Figures 9¢, d show a further variation,
25 Figures 10a, b show a further burner with a rupturable seal,
Figures 11a, b show a variation on the burner in Figure 10,
Figures 12a, b show a further burner with a rupturable seal,
Figures 13a-c show a further burner with a rupturable seal,
Figures 14a, b show rupture details for Figures 13a-c,
30 Figures 15a, b show a burner with a consumable seal,

Figures 16a, b show a burner with a deformable seal,



Figures 1l1a, b show a variation on the_burner in Figure 10, Figures
12a, b show a further burner with a rupturable seal, Figures 13a-c
show a further burner with a rupturable seal, Figures 14a, b show

rupture detail Sf%ﬁfesﬁ?ﬁ%éﬁgiiﬁéﬁ%%r%glag#n?e%blje%@al b show a burner

with a consunab sea OW a burher with a
def or mabl e seal Figures 38a, bhgwmésmey withlb deformbidewsal,bur ner with a

noveabl e seal , FEi qur 8 b,show a. burper with a deformable seal,
Figures 19a, b Eﬁ%@(ﬁsjﬁ%ﬁﬁﬁwaﬁ”{w 3%5858$Hﬁ%t}¥%sesabal, Figures 20a, b
show a burner wFighrea 20€hahomlibareatth a2kiogusigssedflc, d show a

projectile with_the ?ﬁrner I n Figures, 20a, b, Figures 2l1la, b show a

burner with a riSPEs 854 sheyr praipqiils with the bumer nFigwsn20f Burner with a

def or mabl e seal pigfifeg91£$ B3R a P AW 2 rSiRFeéd1 e Wi th the burner of
Figures 22a,b, Figure 24 shows a tail piece including a rupturable

seal , 10Fi gure PBumhads bamshov 2buraer with pddpawblelseal, and Fi gures 26a, b

show st acki ng of; ' Il e L Nafl i OF
PREFERRED ENBGD%%%%?%@S???J%‘I{WF@ bﬁ%&?\l/\n ngg&leﬁ%ﬁ’ 'l be

gpﬂ eci ated thaFigutee’Mshwmata:cﬂpgag}a?lclmdinigmphmhtegsldau n adrgnge Iof
ifferept ways for range_o i fferent .nrojectiles and barre
assenbﬁirbes. Thegl ?t?osﬁ?%ﬁ?ﬁ%ﬁeél?aéwapff’é%n%y%y of exanple only.
Systens rel at edFigores D6a, Wehp@Btavking Bf tht bRSectiltein BieGfeest i | s Wi | | _
appreci ated by a skilled person and need not be described in detail.

DESCRIPTION OF PREFERRED EMBODIMENTS

15  Referring to the drawings it will be appreciated that the invention may be implemented in a
range of different ways for a range of different projectiles and barrel assemblies. These
embodiments are given by way of example only. Systems related to the weapon which

fires the projectiles will appreciated by a skilled person and need not be described in detail.

20 Figure 1 shows a typical projectile for a stacked.projectile weapon, in a cross sectional
exploded form. The projectile includes a payload container 10, such as a warhead, a
propellant charge 11, and a tail assembly 12, Primer 13 activates the warhead and primer
14 ignites the propellant. The projectile is adapted to be stackable nose to tail with a
number of identical projectiles in the barrel of the weapon. Nose portion 15 has a roughly

25 convex outer surface shaped to correspond with a roughly concave inside surface of the tail
assembly. Various other features may also be provided, such as driving bands which

improve the efficiency of firing, and a system for connecting the projectiles together.

Because the projectile in Figure 1 is to be used in a stack the propellant must be sealed
30 against ignition gases which fill the barre] of the weapon after each projectile is fired. In

this example the propellant is sealed within a burner or casing 17 which is resistant to the



20 Figure 1 shows a typical projectile_gor a stacked projectile
weapon, in a cross sectional exploded form The projectile includes a
payl oad contai ner 10, such as a warhead, a propellant charge 11, and

a tail assenbly 12. Pri.ner.l13.activat.es i,he war head d.pri r .14 .
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proj ecti | e internhl aaeidg systerthi s exanpl e the propellant is sealed within
a burner or casing 17 which is resistant to the - 6 - ignition gases
produced by other projectiles. The casing provides a chanber and
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I sl ntegrates or otnher e opens .ynder the nhi r ressures I ns e,
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the seal i gefllbohan whahfRedied QlpkiSH&BhALGESLRY BN ahdGeRASBed Avhether the

pressure 5 outside the casing. A range of other systens such as wedge
seal i ng betrgiesiilpisojearred o fitd Thadeisptor &y typiselhe erpersaraed Hihtaapqdegnd on

adj acent pr.ojag é}é ]%?“al% 6P Y G t{ﬁe ﬂf&%#ﬁ,% Je cEcJ?%i%g@{'s%Q imer 14
casi ng system gure e projectileis fired fromtfe weapon by
way of an itndgdtei the psystlerh Bhw detgoto0man aisndumt e Weghaafiapd cnable paiotes 13.

with a rr ondi inductor i.n the barrel . an Si . de

Whi o Soel OBERRG B A PrEnE Bheld rrles P14 Frand iRt IS kudlih Rl fid
proj ectil e resd h&deidesdibbdinf detsl. ATargedeftodetr electrisaltoy pieciniopl frimgsyatmsdre
with a code_and qn receiyi a signal containing the code fromthe

i nduct or, t3%9 Rpst Ef‘E?rStatcié‘? glegtlefEapi®Sner 14 to ignite the
propellant. The detector nmay also armthe warhead and enabl e pri ner
13. 15 Otherw se the detector generally remains idIe.,Fian% systens
of this ki rftigaee2mnbirfieatd hawaaoprdianinedsereds rtypiedly Aisabnigd in Maﬁ%@f a
of ot heppel ! . NGl 1hirg | t I

For st agked oy o) SRpseRle TRER PRl SRR A B delig D e el o
gases are tuydaded iy thei Beld.i Baletankeis hetvieen lamptojestiles apd ti besk e the barrel are

projectile JEERAY 1@@&}&@1%%%%%% SHER e omhfégtﬂ%ssmgoeﬂa ggx%.dl’rto%cﬁl%s 20 and

rel oaded or
21 are leading and trailing projectiles respectively, stacked nose to tail in barrel 22.

Inductors 23 outside the barre!l interact with corresponding inductors in the projectiles to
25 initiate the firing process. A breech plug 24 supports projectile 21 at the base of the stack.
The projectiles fit closely within the barrel, and usually include driving bands, but there is
generally enough tolerance within the bore of the barrel for hot, high pressure propellant
gas from a leading projectile to circulate past trailing projectiles when the leading
projectile is fired. In Figure 2b the gas (shaded) from ignition of propellant in the burner
30 of projectile 20 blows backwards down the barrel past the body of projectile 21 and



unl oaded in the field. Tol erances between the projectiles and the
bore of the barrel are generally |arge enough to enable a sliding fit
of projectiles into the bore. Projectiles 20 and 21 are | eadi ng and

il ' i | . i vel . k . il i b |
| hauct o F3ESrks GRsEaRRS bRl S pRIERGE 110 Fuhdhu iiling R P Afnedfy
i n the projf@dgiili@sofithe plopéinint ingfrejedthe2f.i ri ng process. A breech plug

24 supports projectile 21 at the base of the stack. The projectiles
fit closely within the barrel, and usually include driving bands, but

there is genaidldayd io0HabubRl 89S SuitblefoPuden tROhEn&G! 1 4R FiRaE 1.6 or@r
hot, high pressure propellant gas froma | eading projectile to
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10 increased pressure caused by gases outside the casing serves to compress the faces 35 and
36 together more closely. A spring 33 and retainer 34 hold the slab in place within the
casing as shown in Figure 3b. When fired, the spring is compressed or crushed by the slab
and the ignition gases produced within the burner are able to escape, as shown in Figure
3c. The projectile is then propelled by gas pressure within the barrel.
15
A section though a coil spring 33 is shown in Figure 3d is shown as an example, although
other spring types such as a disc spring or belleville washer could be suitable. Gases

outside the casing 30 are able to more freely through the spring.

20 Figures 4a-d show a variation on the burner system in Figures 3a-d. The system now
includes a crush ring 40 which prevents the slab 31 from compressing the spring 33 until a
predetermined pressure has been reached inside the casing. This ensures that on ignition of
the propellant inside the casing, the resulting gases burn cleanly and are not released into
the barrel to propel the projectile until the predetermined pressure has been reached. The

25 ring 40 may take a range of structures and operate in a range of different ways. Figure 4d
shows a circular grill structure which contains the spring 33 and allows throughflow of gas,

by way of example.

Figures 4e-g show a further variation on the burner system in Figures 3a-d. The system
30 now includes a sprung disc 45 such as a belleville washer between slab 31 and the

retaining ring 34. In this example, a second disc 46 has also been included with an



5 to provide sealing against ignition ofsthe propel | ant by ot her
projectiles in a stack. The burner includes a generally cylindrical
casi ng 30 and noveabl e sl ab 31 which encase the propellant. Exit
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25 is prov1ded by a sprung disc 67, typically a belleville washer, located on a slab 68 which is
typically threaded into the casing. The edges of the disc abut the casing to prevent flow of
external ignition gases into the casing 60 through vents 69. The crush resistance of the disc
is caleulated to provide a predetermined internal pressure at which the disc is distorted and

ignition gases produced inside the casing are released.
30



10 barrel and the greater the external _pressure the stronger the
sealing action. The slab 51 in Figure 5a is considered to be |ess
effective in formng a seal with the casing than the slab 31 in

Figure 3a. zFLaure 5 si d Sin
e, 3o, AR oSN SRS, Blph RS SR eg] allusae LA
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Fi gures 3a-:

this systemthe si.ng 60 contajn panel 61 wth
two or Zijm vigh T TRSARABTVES JF o ErseSPHiE ince @sgp@%msﬁg megan
64 whi ch oaURYvek NEpeVRR twhiRNEniBER LT PFRRBA: Eiﬁktidé fd8ded@hd tbﬂav@s%ldiﬁn Ronce
crush r|ng 65, spring 66 and retainer disc 67 are provided as "before.
Ext er nal® pPeasthesttongss e gap oragsuire pulidg Akscensing78itarestiangercihe peabjng pefien of
the keys fupt; [ X I n
gni 1 on of rass | Sagt BELERRE R R OPUE (el 0o 3Rl AL R rieilhe
the vents dhdnd hesiovethe bovgsieasementpositionng 65 and spring 66. Figures
6b and 6¢ show the casing before and after firing of the propellant
respectively. Figures 6d-f show a further alternative burner system .
In this syS$igmesBasestownid ﬂt&ﬁwvezbshﬁgh%g' Snﬁihﬁ’ﬁﬂﬂdedalba/lscﬁsmﬁtﬁblﬁ_l‘i@r WHeSB

67, typjcally a be]leville sher t | ab whi ch s

Cypi callty e ellegal 1 iR eiire | dadrminy DI G G e gnak WEPeleat BB Herimer
casing to pcRh ghhd@yofylipdh@r E'eﬁking' mmbp Borﬁﬁﬁ@ﬁrob&lleﬂt tah@ 2 GaSdsN nRfal
through vents 69, The crush resjstance_of discis calculated to

provi de a FFetEhiEh vy cloppe fordhe &?Ségs Vedt CB%" %m&lﬁd@srfewm% §2gwhile burst
di storted gpd SBQﬁ'dlﬁdeﬁ QoBEDERGAL ?Pm‘tleﬁé Sewhle ceaéltﬂsgv&&m RhEAT Gy
- 9 - Figures 7a-c ow a er alternative burner having a

nmoveabl e sé&alholdsuhe distewiiion th@easag andeprovddeserpetings 86 o gllove the. burst didvi to
exanpl h ne cas b e.se

form hglv% ngp‘%%veﬁs"“}%f %a ,gpiggg L%% & eq{ttem eg %Sm %rreé%creegbga&llg et
mai ntai n t helueaveldabloigabdiedrelfand és teginied b rheda‘ursp dizpeHoarter] prossde caused

forces the | eaves . to en. ce.5, in the stronger the gas .pressure
oot ot de. 1 b EaEbio of DR g lon i B Celoh ot Be DRG0 BRols il Pstpaees
A range of vwahidhf {680 khewdbpéeriveaibisctlb. THel tarsd aRE idcokeldndl ofRiwiBeconstructed in
envi saged. Figures 7b and 7c show the | eaves in_an open position.

Fi gures 8a?dV&h3MRnTRRTeS: at Predigabis &shiony Bongrally ratpir abaks @ wedgtermined
al so suf ablRsfr@hnd/SieAPerktlrd, RRd MAVELHo &idnikiBadk 'dgﬁﬁseinlth% Barfe# OF #e weapon,
bl ow- back Of external p opellant gases. The burner 1ncludes a

general |y &ygurndi shoais sevesil seprdg pati¢roh by ovey af exempiopel | ant, and a
series of netal discs which forma closure for the casing. Vent disc
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burst disc is scored or oth ermnse constructed in a way which ruptures
in a predi engiht acqughitailpringeniothgl burert systern o \seit papictie trepinftile dy®e and
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barrel of the weapon. Figure 8d shows several scoring patterns, by
way of ¥Hkanple. Figures 9a, b show a variation on the rupturable
burner in Figures 8a-d. In this exanple,



the vent disc 90 includes a single centypl aperture 91 as the vent.
The remai ning 25 conponents are substantially simlar to the previous
exanpl e. Burst di sc 83 and retainer 85 are provided as a seal over
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The seal i ngypgKistons contact the sloped surface of the ret al ner and
are stog&ed before they break free of the burst disc. 10 Figures 10a,
b show alternative to the rupturable burner in Figures 8a-d. A
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ring in place between the casing 110 and the jacket 111. These

fl anges aSSI st the sealing action of the burst ring inside the
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25 Figures 12a, b show a further rupturable burner system. A casing 120 is surrounded by
burst jacket or sleeve 121. A disc 122 closes the casing once propellant has been loaded.
The casing includes vents 123 which are sealed by respective portions 124 in the jacket.
Figure 12b shows typical scoring patterns on the jacket, arranged in correspondence with
the vents 123. External pressure caused by ignition gases from leading projectiles in the

30 stack is resisted by the jacket. Internal pressure arising from ignition of propellant within



the vents 123. External pressure causedijhy ignition gases from

| eadi ng projectiles in the 30 stack is resisted by the jacket.
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Figure 14b.

25 . Figures 15a, b show a burner having a disintegrable seal 151 around a propellant charge
152. The seal may take various structures such as a wax coating which is consumable in
nature. A range of compositions and thicknesses of material may be suitable. The charge is
confined by casing 153 and a retainer disc or ring 154. An aperture 155 in the disc allows
combustion gases to escape after ignition of the propellant 152. However, the nature of the

30 seal and the aperture 155 prevent gases produced external to the burner from disrupting the

seal and exposing the propeliant to unintended ignition.



Figures 16a, b show a burner having a casing 160 containing a

propel | ant charge 162. A closure 163 coddpl etes the casing and
includes a series of apertures 164. The seal takes the formof a
deformabl e ring 161 covering the apertures 164. A primer is typically
| ocated in 5 a chanber above the charge. On |gn|ti on of the charge in

Fi gure 16b Qrned into nu ar 165 f
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5 the bolt or press fit. The bolt is then threaded into position such
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30 As with inhedee o et thah Tek Guoderltp vidte enbodi nents of figures 2
to 4 are easy to nmanufacture and vent gas evenly. The gas pressure
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On i gni ??on of the propellant gases, the ring tenporarily adopts an
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open. Once ignitjion has taken pl ace, pressure escapl ng
closure 173 completes the casing and deﬁnes an ex1t 174 for ignition gases. The seal is a

spring loaded or otherwise flexible ring 171 blocking the exit 174. The ring has a generally
annular shape made of metal or plastic or other suitable material. In this example the ring
40 has a stable configuration as shown in Figure 17a, with the exit blocked. On ignition of the
propellant gases, the ring temporarily adopts an unstable configuration as shown in Figure

17b or 17¢, with the exit open. Once ignition has taken place, and the pressure of escaping



- 14 - gas is reduced, the ring returns to the stable configuration.
A collar 175 may optionally be includedl#e hold the ring in place.
These conponents nay be threaded, press fit or otherwise held in

pl ace by suitable neans. 5 Figures 18a, b show a burner alternative
to Figures gdagds rdduced, thé riz@setighs i@ theatdleCdoafiphttidkB A M 5 RBRIRSInally be
whi ch hol ds, rggdsll nlt %82, wth an exit 184. In this case the seal

is a def or nEBPESY i golfigihe e in Blege k Shase compprentopay obpatlirgadndl pressniit or
pl ace by a &Béldde h@fg&npﬁéep@g@{agieg{@ﬂg.i ng has a generally annul ar
shape made of netal or plastic or other suitable naterial, and
preferably forned separately fromthe other conmponents. On ignition

of 10 prepek; K . S, pressure a,new

confi gur gt ?%g&g% 1%%%@%&?% bb?‘gﬂ%{ge%b% tog%g%%g?% Re°'§é‘éﬁs?ngﬂ1tgg Gp%gloi‘gﬁ}gi‘

b show a vafoimtad chamber whizh hotdsepropetiaiti 2r esthIBoexiiol84adn kas o4 thasdand a

190 and cl ogur 3.fo a, C r wth an.exjt 194, containin

propel | ant %g?%la%% T gﬂc‘ﬂ]@ﬁﬁéﬁ’gs fhe f'g‘étaf’pti“?agy &Ejjfderé?:PFé’Yf"’r 8?43@ 18%1As

forned int dgfat thé tihg biea gbngallyeankQBy shdpei Batiet dfofetdlf o ]Blﬁstﬁrd}R?llxér%ﬂftable
0

the flange deforms intog exit 194 allowing the ignition gases to
escape. A cBpFHgh P%‘! BFE%@@ ¥ dgmed; seppgiely %ﬁ@ Heaptherreqmneaents. FPyigniton of

20a, b 300%@13@1&??82 148 irfd Hefork %@é&ngas(iﬁ@s{(g[g Jg(ﬁonefv@gﬁg’%up%léﬁ as _Fg%wn in

generally 20 cylindrical insert 206 surroun by a
i nsert m ghfigwé Pbrapeeing teseal- conventional shel |l casing while the

shell m ght be formed separately or integrally with the projectile. A
cl osure 203 bl ocks an ot herw se open end of the insert, held in place
by a plug Z0gurcnifaibrshoy averitgor2@Othe Buopeid Bigtre? 08a,its ac befomi dasieo 1190 and

t he chamber [ t he casing and . ure.. The insert_js )

def or mabl e %lélsglf%g%v%%éflrﬁ %mg Y ‘f'ﬁl?ea‘&F’Sth?@ caNagE l?fal?ﬁﬁﬁ%}?zzkl Bis ok the
propel | afit, sealsis shaefermiableHiagpe @92 Qimet piteAaISwRE tMREIBSure N9 GHiARM! Flthe
space 205 forned bﬁﬁ&gﬁ |5|terna,l shapg of the shell 207. Ignition
gases t hen I&@ﬁ’éﬁ ghdafermns aiqexiti g4 pllovaing fhe igpitipr 8253 to opapet Kevollar
barrel. Fi qghﬁ&cgﬁ&ytghﬁhfﬂwﬁ%ﬁlabw ner based on Figures 20a, b may
be incorporated in a 30 stackable projectile. In this exanple the

closure 203 and plug 208 are integral with the, preferably plastic,
tailpiece ofighBe 20 0b S | CouhliensaR % oMb E:isﬁﬁsg Ho Borkil§ btyaé | Rh&Sk

from
20 cylindrical insert 206 surrounded by a shell 207. The insert might be formed from a

conventional shell casing while the shell might be formed separately or integrally with the
projectile. A closure 203 blocks an otherwise open end of the insert, held in place by a
plug 208 containing vents 209. Propellant 202 is contained in the chamber formed by the
casing and closure. The insert is deformable in the vicinity of the closure and on ignition

25 of the propellant, as shown in Figure 20b, spreads outwards inte an annular space 205
formed by the internal shape of the shell 207. Ignition gases then escape through the vents
to fire the projectile fro the barrel.

Figures 20c, d show how a bumner based on Figures 20a, b may be incorporated in a
30  stackable projectile. In this example the closure 203 and plug 208 are integral with the,

preferably plastic, tailpiece of the projectile. The casing press fits into the tailpiece from



above, and propellant can be | oaded into the casing before insertion
of the priner. The tailpiece is then enigaged with the warhead. Figure
20b is a cross section through the projectile show ng the burner

seal ed with propellant and then after the propellant has been

i gnited. FhgleePeroabint 04l 86 RAAE il ERCadingWefié insbeichaifthe emer. The
showi ng a change in shape of the vents caused by deformalio

Fi gures 21tailpiece nthen angagedgwith theararheach igwe 208 18 gnfRfhisqgon through the
propel | ant o T | [ en
beneat h a PG R bk schB Whll sipolit 8 (neafSs B4 propRRchls b
bur st di scighddt Figuyeaifel hés rcopkspoading tehil rvievseofcths itrigpiecehshasdeg Agharge in
be 10 fornmed frg%a conven‘%'hog%l shell, for exanple, with the

ot her wi oL Hi§ 1% °B5°¢ RLOHZI T bei ng crinped to confine the
retainer disc. Onignition of the propellant, a seal forned by the

burst disc_is opened by defornatio 0 rel.ease ignitio s +4.hrough
the vents. Fraptstledd gy PG?‘%HQE%Q aé’g C‘i%@w&ﬁs“f’m&}ng’tg %{P%eqﬁg‘?;@? o’{he fard -
and are conrf i1edi BY atvhiest GRE 01 HRlca BBl a phiR] REL Rith@entelRH% . A Jétsiner disc
burst disc may be weakened in _a central region 214, 15 or_usin

. an
al t er nat i vélpdwotdsrthe buest disatsnd thmpenebift Plgee PREIT thptoasias- EP&&P@%?&W be
shows ap, al ' ' | ganﬁ; Ank#n @leo s ANDAT DK Ag:
propel | gont f@%@%ﬂé%oﬁzé%ﬂ)géz%ggnﬁgﬁ of1 't he g{aes%rg? szoc?ﬁni1 nped to
confine t heasihp$eing cninipetl tpreefifireath yetdingt disegPatignitiern of Hisi rrppdilaph 3t 1l
propel l ant .. Fi gure  22b ws a funthe ' [
which is sifm%“ eﬁ’Sr%Wésng;c P ﬁ’genéfl ﬁgr%foéglaglﬁ%ﬁ{ %?;éc?gézl%ﬁfb% %cg)er?tztﬁb# gttl ﬁ}ée
propel | ant 23k, Ragdred PRRINOL 13 ofjthebarsa dise peeraged oltwenk @d o8 genfmed Ry the

SO e e S of 1o CASL AR A Al bl reson 214,
accordi g tg Eing'4h eBerdAive pRidR BRI AldeoByl therdparat ed in stackabl e

projectiles. 25 Figure 24 shows how a rupturabl e burner alternative
to Figures 13a, b, ¢ nay be fornmed. In

Figure 22a shows an alternative casing 220 with a simple closure 223, containing
propellant 222. The otherwise open end of the casing is crimped to confine the closure
which preferably disintegrates on ignition of the propellant. Figure 22b shows a fucther

20  alternative casing 224 which is simply deformed at the otherwise open end 226 to contain
the propellant 225, and does not require a separate closure. Figure 22¢ shows the open
form of these casings after ignition of their respective propellant. Figures 23a, b show how
burners formed according to Figures 22a, b respectively may be located in stackable
projectiles.

25
Figure 24 shows how a rupfurable burner alternative fo Figures 13a, b, ¢ may be formed. In
this example the burner is integral with a tailpiece 245 for the projectile. The casing 240
contains propellant 242 and includes rupture portions 241. Each portion is formed by a
relatively thin corner 243 which ruptures under pressure caused by ignition gases, Qutside

30 the rupture portions the tailpiece includes vents 244. On ignjtion of the propellant the

rupture portions are opened and deform into the volume available in the vents, but leaving



this exanple the burner is integral with a tail piece 245 for the
projectile. The casing 240 contains prdgel | ant 242 and i ncl udes
rupture portions 241. Each portion is fornmed by a relatively thin
corner 243 which ruptures under pressure caused by ignition gases.

Qut si de 30 ﬁ@ﬁt fdfl%dag@ P Bielda @RS AL BEfoteaidnRioncRsdanelensdd by\tint praidailesOna
ignition of" the propellant the rupture portions are opened and deform
into the vekcmemainiutsds de casingpndeotaiiogt e rEye RGUODRS-16 - an exit
for escape of the gases. As before, ignition gases rel eased by other
projectiles in a stack remain outside the casing and do not affect ,
the rupt ur Sigues tiSosiswsFiagfinthe Staskables paojeaiile fer 2 saaacRakIsEe pyaglise tqafire

as a non-explosjve snall er..calibre ks i i i
Figure P %‘“s"‘%twﬁr%j%é@cﬁrf)legtéle 3& lggfesg ?élﬁtsg rﬁgﬂe&h}% al%egal%%g%%?deﬁg%dlbﬁagle
necessary unkh gadahbfy uflohd®led it ehedfield. M i examphyieqyrojettde pasoindutepakouter
has an integral outer casing 250 whjch contains el | ant :

i nduct or asasiaRt YLVl sgrizighpoB %anb#qclnﬁql Wéofra&f‘%f??‘ﬁés s?eﬁrbg%grﬁ@r and
actuated b .etggglgc%ﬁﬁgegggracﬁxﬁa%? th@ BdteBto @pdténil0andah \sealRigdvatieoRd# shown in
schematic form e valve may fak

e a variety of s{jrugtures asedbon
Lhose. shownclouie fort0 Phegahieanpigake HvaoeT BV IS b5 PRURRT Siop above.
Fi gure may be stacked. Projectiles 260 and 261 are | eadi ng and
trailing projectiles respectively, stacked nose to tail in barrel
262. | nductRigme?Bd:, dshswdewtthe ptrgactitsl iniRiguse 32 may; berstackeh cProjestilen 26¢and

projectiles to initiate the.firing.pr ; h.Rk4g 1264 barrel 262.
supports priditedeilfadmeeiidy al{%pﬁé‘gzg%]&g@%@%@égﬁ ih%&ﬁ pr oj eq?ﬁrﬁ es
general | y haugeters 6B Gubgdd ihe bairthinrerddh evithomduadérstih ghe arojestiles dpdnitiate the
usual 'y include driving. bands t there is general e

tol erance VHEM POPEFE %Péﬁeg‘? P‘“ﬁg%ﬂéf‘?%qupﬁjeﬁﬁ? ?G?iagﬁmp&gésjgﬁ}rchg stack. The
propel | ﬁpt ﬁ%ﬁcﬂfﬂ@:@ g&&d@aﬁwg SPiERle Rt Witlen i bire @fltat Barphsindtusadllyi inglude
projectiles en the leading projectile is fired

i i Be PO 5,308l B por
gas (shadedjrivinpbandgit thsie BECRAEYSIPEER to eﬁanf%‘mbﬂ’r B PO @? o Bet1 &%
260 bl ows bﬂgﬁ\ﬁ@é’sgﬁe gfb\ﬁ%ﬂ&ﬁ%a?ﬁf)ﬁ@i 1ePARE pREQLRC! diRuidR p6ilirailild Bojectiles
sealing, there*is a tendency for ignition of the propellant_ in, . £
proj ectil e ¥Bdn tHEotewding ipujedtild ov fitsdof InsBigmiengPbs thergeadslipded fremigpiion ©
wedgi ng rraypr%lpesl?anp o tﬁgghr%g gf projectile 260 blows backwards down the barrel past projectile
20 261. Without sealing, there is a tendency for ignition of the propellant in projectile 261.

Conventional forms of sealing such as nose to tail wedging may also be employed.
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CLAIM5 1. A projectile for use in a barrel with a plurality of
stacked pr 01 ectiles, including: a chanber contai ning a propellant
charge for {HAMDjectil e, an exit fromthe chanber for rel ease
of propul sion gases into the barrel when the propellant is ignited to
fire the prdject i projechie fexide inndlard wigh a pheality g sededdguejectiles, a
seal bl ocki mgelidiggexit by sealing against the sealing surface of the
chanber, wher ei natohmsaadontaﬁnf@@@@ﬁq)emmtlcgaugélf@ﬂh@f)rogmldor0pel | ant

‘é“r E)jhlegt ;‘ lthCha”b%ﬁ e?fﬂ?roh?th&%ﬁérﬁﬁ&%r Ite%ﬁﬁ’i EES S1618n ARE $nth EMa@Feh@/hten
the seal 1 ng 417 ‘%%al fﬁ?%%g i ‘%%%gﬁn%'tﬂﬁrﬁﬁﬁg It %aﬁim?er

projectiles i.n t

engagenent N}leﬁel?ﬁbg‘sg%léf PR g 4 %ﬁon Fal ﬁﬂ%] ﬂ'i S a‘?g 63:’:?"'
between a cFENEENEQAAPHISHR g&ﬁ%ﬁ SPEhPATHilSiD Z%ym ALPTP ﬁH
wher ei n t he iRtaeagagsmentwith thessealing sysiaee Phﬁf%ﬁ%%ﬁf)@rpreﬂﬂﬂpﬂ iBAYS tH

def or mat i on ogher prgeatides|in thezbaml pnéj ectile according to claim1

wher ei n t he r et aiareirengagemngtthesahtd engagenentrwitthibe esdling sugacep

proj ectil e accor ditregeih thecdeali isnd2fowharle betwiehe a clbal creditics: sadruloaen and
propul si on @gafdiioRdgdefoRnmughatdhe retainer. 4. A projectile
according to cl aiyfedeiMiRl8fathet MRINIRE &kMYor@OAGE for Wbhfih S ehecdeBiThRtion
external tosfhe &xit. 5. A projectile according to claim4 wherein
the retainer conprises a jacket. 6. A projectile according to claim
1 wherein part of the seal ruptures. 7. A projectile accordi ng to

claim1l whergin the sea def rm;t opul.si on ases, ,a
pr edet er ni n g %g{ﬁ)@e& ACC gadrﬁl dwﬁl > Sinth Petainer engzgg
lt}Pn the exit
3. A projectile according to claim 2 wherein the retainer is annular and

propulsion gases pass through the retainer.

4. A projectile according to claim 1 wherein the retainer engages with the
chamber external to the exit.

5. A projectile according to claim 4 wherein the retainer comprises a jacket.
6. A projectile according to claim 1 wherein part of the seal ruptures.
7. A projectile according to claim 1 wherein the seal deforms to release

propulsion gases after a predetermined pressure has been reached.

8. A projectile according to claim 1 wherein the seal includes a disc and a
crushable member and the crushable member is located between the disc and the
retainer with the crushable member engaging the retainer.
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8. A projectile according to claim1 wherein the seal includes a disc
and a crushabl e menber and the crushable nenber is | ocated between

t he di sc and.t he & poctileracodrtimgtth elacm @shizdrtie thecrbgrblEnygeaybergs & hpring.
retainer. - 18 - 9. A projectile according to claim8 wherein the
crushabl e nenber is a spring. 10. A projectile according to claiml

wherei n the jpet a'pnl% e%ﬂ&%e&di %efaeﬁhe&héwmahé REgadedgaRe agaMRiber by

wher eby the t E h@ fhy é @ﬁtr 1§§§\‘fan§:5@‘to increase the
washt

engagenent be ween ace.
projectile 58%"%%%’6#"% 0C @FZSE% exi't incl udes one or nore

vents which are bl ocked by the seal .

11. A projectile according to claim 1 wherein the exit includes one or more vents
which are blocked by the seal.



