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i nvention relates to an arti m“‘“‘u\m system featuring a nmechani sm which
enables the firing system tﬂ“mm“m \ i gh and prolonged rate of fire,
with a buyolgiiesreg ool i Ng system jn arder to sustain the rescbotksre. The

I nvention is particularly suitable for use in a nortar system Prior

Art/ Probl ens The traditional and sinplest way of firing a nortar is by way
of nmuzzle loading a nortar bonb. HoMever, such nethod is unsatisfactory if
a high firing rate is required. For instance, a typical single barrel with

automatic nuzzle | oading system Turret Mrtar Under Arnour System (see
SIN1 in Table A), can only achieve a rate of firing of about 12 rounds

per mnute. This occurs because when | oading the nortar bonb fromthe
muzzle into the nortar MEM%MEC&MM bet ween the nortar bonb
and the barrel inside the nortar nechanism As a result, the tinme taken
for the nortar bonb to travel inside the barrel will be about 3 to 5
seconds dntroduxtionwi | | take up about 80% of the entire firing cycle tine.
Thus, a high rate of firing cannot be achieved. Three other current nortar
systens that achieve slightly higher rates of firing as conpared to

convent i Ginid invantibm relagsstoamsartillery dising oy dtamdeaturing Rhweghdniamodiichvenablgs  Syst em

(see SIN2 in T ' ] " - ' reech
| oadi ng stgyes er%s'?%argtac%w;iv%%’ ga}ﬁfpé{’lgﬁ%? Pa?él ?fﬁ% \gofl &%41,._?1'86125%0%;[)%%)',5&%{3 nute. The
per f or maric@rdapangainttie tate phfireeaThe invensionygh exiticylanly iswigeble for ascin a | oadi ng

operati nqn%gr;%lé’ﬁm is not only insignificant, but also doubles the weight

Prior Art/Problems

The traditional and simplest way of firing a mortar is by way of muzzle loading a mortar
bomb. However, such method is unsatisfactory if a high firing rate is required. For
instance, a typical single barrel with automatic muzzle loading system, Turret Mortar
Under Armour System (see S/N 1 in Table A), can only achieve a rate of firing of about
12 rounds per minute. This occurs because when loading the mortar bomb from the
muzzle into the mortar mechanism, air is trapped in between the mortar bomb and the
barrel inside the mortar mechanism. As a result, the time taken for the mortar bomb to
travel inside the barrel will be about 3 to 5 seconds and this will take up about 80% of the

entire firing cycle time. Thus, a high rate of firing cannot be achieved.

Three other current mortar systems that achieve slightly higher rates of firing as compared

to conventional mortar systems are as follows:

1. The Advanced Mortar System (see S/N 2 in Table A) which has twin barrels with
an automatic breech loading system, has achieved a rate of firing of 14 rounds per
minute. The performance compared to an increase in complexity using a breech
loading operating mechanism is not only insignificant, but also doubles the weight

of the whole system.
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of the whole system ~II~IIl ~II1~ 111111 HI | | Il ~~~~~ [T ~I1~ *ACTI ON*
WO 01/ 02790 PCT/ SG9/00065 -2 2. The Multiple Mortar System (see SIN 3 in
Tabl e A) which has four barrels and uses an automatic nuzzl e | oadi ng
system has achieved a rate of firing of 12 rounds in 20 seconds but with
extra prew(ﬁ;o.g time. The weight and size of the whol gofyGdeRtacs S
substantially 1ncreased. The vehicle for carrying the systemw || be
constrained by the weight and subsequently, will degrade its
manoeuverability and nobility. 3. Tie 82 nm AM 2139 Vasil ek Automatic
Mortar (see SIN 4 in Table A) has an automatic breech | oading systemthat
oper at es 2l i keThe Muitiyilerdogtan System Ksee SAN [3i inckable Anwhich hes founbarinel$ drd f our
nortar bonbs and .t he N t e o allow
rapid autorratlgclgfa“r ﬁérga%@h &zgel\ém%liﬂ%ﬁ ﬁﬁ%cg%gédng r‘IitQ%ffB‘ f&tﬂl%i in the
magazi ne and sduhdsau@b s&aﬁds butivdth gxéma prepacdtion ¢imne. Fbe Mieigbdand sizesdfithd

restricts the,user from adopti t u o etofire
t he standard B’Bﬁlﬁ Sy%‘i’“ U ?ﬁ%n%agggqcﬁ%?edr tslzs?l 938‘%‘5 bt éa?&“%m’ r.%sie?n @m
di fference cobpeonsichinedty the veight analr subseqegnsly ewill degﬁdeivsmawmlmxseew 00065

-3- Table A S i ption Nunber of Loading Rate of Firing and Barrel
System Rounds?“% Iﬁug{y' Manuf acture Turret Mrtar Single Mizzle 12

3. The 82 mm AM 2B9 Vasilek Automatic Mortar (see S/N 4 in Table A) has an
automatic breech loading system that operates like a machine gun. It has a linear
magazine that holds four mortar bombs and the loading device is fitted behind the
breech to allow rapid automatic firing. Only specially-designed bombs can be fitted
in the magazine and although 120 rounds per minute can be fired, it still restricts
the user from adopting the usage. Even though it is able to fire the standard bomb
by muzzle loading, its performance will have no difference compared with other

mortar systems.



Armour System Loadi ng 2 Advanced Twin Breech 14 Mrtar System Loading 3
Mul tiple Four Muzzle 12 rounds in 20 Mortar System Loadi ng seconds with
preparation 4 82 min AM Single Breech 120 2B9 Vasil ek Loadi ng Speci al Bonb
Automatic Mortar Another problem faced by conventional ways of firing is
t hat, for‘ﬁa‘ﬁ;& ,;sgund of firing, the barrel tenperature pe&tiscdontisease

appr oxi mately ﬁ 04 'C Wth high rate of firing, the barrel tenperature
will increase trenendously to Hot Barrel Tenperature within a short span
of time. This will also constrain th&-total nunber of rounds that can be
fired by the barrel. Besides, the propellant charges can self-ignite

wi thin about 5 seconds at Hot Barrel Tenperature. As a result, firing is
i nhi bite&ﬁge&n this tenperature is reached. Cooling of the barrel is thus
necessar t he continued usage of the nortar system However,

currently, there are no cool'ing systems used in any nortar system Miltiple
barrels are_usually the only solutionto increasipgrthe—ate—af—H ring of

the nortar E§A em | Desjrigtionve pNumber pf eq dondingyent j Bﬁtﬁ(@uﬁmgy) The
fiTing systkm W0 QiPB2700" PeT) SRS 0006 ST oar 1 § SPAriymEE o' For
nortars, that wll Mdmdadtyxsl y|reduce thg |l oading cycle tinme and | increase
;hge{?'f geg}‘ m&bg%gw ODJ fu';iée o MBS ent [{Rvention 1S fo provi de
Armour System Loading
2 Advanced Twin Breech 14
Mortar System Loading
3 Multiple Four Muzzle 12 rounds in 20
Mortar System Loading seconds with
preparation
4 82 mm AM Single Breech 120
2B9 Vasilek Loading Special Bomb
Automatic
Mortar

Another problem faced by conventional ways of firing is that, for each round of firing,
the barre! temperature will increase approximately 2 to 4 °C. With high rate of firing, the
barrel temperature will increase tremendously to Hot Barrel Temperature within a short
span of time. This will also constrain the total number of rounds that can be fired by the
barrel. Besides, the propellant charges can self-ignite within about 5 seconds at Hot
Barrel Temperature. As a result, firing is inhibited when this temperature is reached.
Cooling of the barrel is thus necessary for the continued usage of the mortar system.
However, currently, there are no cooling systems used in any mortar system. Multiple

barrels are usually the only solution to increasing the rate of firing of the mortar system.

Objective of the Present Invention (Summary)

The objective of the present invention is therefore to provide an artillery firing system,



which can withstand a dirty or dusty environnent and hi gh pressures and
tenperatures generated by the burning propellant to ensure the

ef fectiveness of the valve used therein. A third objective of the present
invention is to provide a cooling systemin order to prevent the system
fromreackjgsidio Barrel Tenperature while naintaini ng apcpbémmniese high
rate of fire. Summary of the invention The present invention involves the
i ncorporation of a valve assenbly, preferably |ocated towards the rear of
the barrel. The valve assenbly allows4the air trapped inside the barrel to
be expelled out of the barrel when the bonb is descending into the barrel
to decr echasticwlasly suitaRle forj ertars. Faat wijl effectiyely redyge the, boadipg Cycle tigeraifict i on in
a dirty opceistine Aapvéemament and under high tenperatures and pressures.
Additionally, a cooling systemassociated with the firing system provides
air or nmoisture or any other suitable coolant to be introduced into the

barrel topGQ8hd Sﬁ]&ub@&f thé prefedlf falifion Ish@Fr‘(ﬁidEG seIf-S&iR} Yalet St RREmblys a | et
of air or any other suitable propel as to be forced into the barrel

to disl od\yblch)ﬁaféwpibﬂtmﬁrﬂ/dlﬂbh%f@?%&anlba@eﬂgh RTesHpEes A temperaluEes ¢ (i ng to

one aspec nthtel Bf e BifTHg Hidp élﬂﬁtrﬁ enSurP "t&véffé‘é‘ﬁlvélesfs Iof itHROvaPRAREREhefir, OF
weapon atiapted to fire projectiles, the weapon being of the type corrp05| ng

a barrel having a bore therein, the firi ng apparatus conprising: a breech

assenbly ﬂ%?l d hetcf?ve.bgf FRPHERA fn@erﬁllaﬁ is E@bﬁﬁrkde # cbdlink NYstBR Gh pliernfoadapt ed

toinitiate projectile fromthe bore; and  a valve neans
adapt ed t prevan @wsmqm fxpmnmlupmg%ﬁwéel Tf@tmeaéwetmlcg%ﬁ“@etﬂﬁaé effetivehe firing
mechani s Q pgfm{eoel |l ed fromthe bore during |loading of the projectile

t hr ough {Thlgflb%tre is preferred that the valve nmeans is slidably nounted
to the breech assenbly and that the firing nechanismis slidably nounted

to the vaFMﬁpﬁgEgF%he\/@vQ&{ogZ?QO PCT/ S&9/ 00065 -5 1In the preferred

enbodi nmen ans conprises a valve body and a val ve seat,
The present invention involves the incorporation of a valve assembly, preferably located
towards the rear of the barrel. The valve assembly allows the air trapped inside the barrel
to be expelled out of the barrel when the bomb is descending into the barrel to decrease
the travelling time. It also allows the system to function in a dirty or dusty environment
and under high temperatures and pressures. Additionally, a cooling system associated with
the firing system provides air or moisture or any other suitable coolant to be introduced
into the barrel to cool the barrel. Further, the valve assembly also permits a jet of air or

any other suitable propellant gas to be forced into the barrel to dislodge or expel any

misfired bomb lodged in the barrel.

According to one aspect of the invention there is provided a firing apparatus for a weapon
adapted to fire projectiles, the weapon being of the type composing a barrel having a bore
therein, the firing apparatus comprising: a breech assembly adapted to be secured to the
barrel, a firing mechanism adapted to initiate firing of the projectile from the bore; and
a valve means adapted to allow air within the bore, between the projectile and the firing

mechanism, to be expelled from the bore during loading of the projectile through the bore.

It is preferred that the valve means is slidably mounted to the breech assembly and that

the firing mechanism is slidably mounted to the valve means.



t he val ve body being novable into and out of engagenent with the val ve seat
in order to close and open the valve neans. The val ve body is preferably
slidably disposed within the breech assenbly, and the firing nechanismis
preferably slidably disposed within the valve body. It is preferred that a
sucti on bivowg2ieés provided to suck air fromthe bore durRCEISGHAMHhg of the
projectile. This helps to further reduce the | oading tine of the
projectile. The breech assenbly desirably includes an air vent through
which air fromthe bore can be expe15|'ed to an external environnment when
the val ve neans_ i s, open,. The air vent is- arranged that it is. in fluid
comuni c&® fgPreferred erRodiment. e Al Wéea(}sa‘fwrﬁ?a%gﬁYesgq%ﬁ a\nﬁg Vag)vﬁesﬁat'posi tion.
It will R aRBbes BHitnbiable iAtormdioRaof aigagetient withthenmaveleat(in odeded. I n the
apparatus_according to the inyentjon it.is ticularly preferr that the
val ve bodipse 3d %@8 valxg Weaé’ﬁggl{fe‘ﬁk’ﬁtboéx erffﬁgﬁ]@a?ﬁa@?%gé?&%@wﬁ B RS ce of
the proj gpdettl Bseattiy, agd thefding Geolianisin inpieferdblieslilably digpoved héthinsthe slalvé ng

| oading. In other words, the force of the projectile causes the valve

nmeans tobfhse. It is preferred that the firing nechanismis novable
relative to the val ve body between first and second positions, and that

t he apparatus further conpprises a biasin ans, for, biasin he firing
mechani sri SEREERd that@ Sf‘th%bl%‘B?i’fPfﬂ’f?d%%ﬁ‘gs‘gﬁégi from e eﬁﬁvg%@acgng spri ng,
such as af R RoREEE.OThiS REPN® fukfiéreiilte tvtlondingrime of drechrojeetilé.i ri ng mechani sm
are in the first relative position, the firing nechanismis preferably
capable of initiating firing of the projectile, and when the valve neans

and the fiﬁeiw&cmaﬂﬂg%iﬁw@ inBluliddean SECENC theigh twhich O froini the borefven f i ri ng
mechani sm is E)r ef erably i ncapabl e OL ri&t i fati n%{l;]i ri ng ﬂ%e t.he xgr.oj ectile.
In a prefler expallednp ol srsmral epyEonmegy yaer g yalve meaph i 90efy Af AR AR sm nust
be noved irfaﬂ@dtst]@hat itiSi fufl @minvRidR@m witlDthe bere wikd the ¢flicimesdsds invie posi ti on
before the val ve neans can be noved fromthe cI,osedﬁﬁ&}i tion, W 01/02790

PCT/ SGO9/ ergo@ssitiany  Itiyell b @pprseiated thahmops thamane iy went ePiEdt ve neans is
nmoved from the open position

In the apparatus according to the invention it is particularly preferred that the valve body
is moved into engagement with the valve seat by the force of the projectile coming into
contact with the firing mechanism during loading. In other words, the force of the
projectile causes the valve means to close.

It is preferred that the firing mechanism is movable relative to the valve body between
first and second positions, and that the apparatus further comprises a biasing means for
biasing the firing mechanism towards the first position. The biasing means may be a

spring, such as a compression spring.

When the valve means and the firing mechanism are in the first relative position, the firing
mechanism is preferably capable of initiating firing of the projectile, and when the valve
means and the firing mechanism are in the second relative position, the firing mechanism
is preferably incapable of initiating firing of the projectile. In a preferred embodiment, the
valve means and the firing mechanism must be moved from the first relative position to

the second relative position before the valve means can be moved from the closed position



to the closed position, the valve neans and the firing nechani smare noved
fromthe second relative position to the first relative position by the
force of the biasing neans. The apparatus desirably further conprises a
retaining nmeans for retaining the firing nechanismin the second position
agai nst t%w{]ﬁﬁ) of the biasing nmeans and for retaini ngpctResvmbsse body in
engagenent wth the valve seat. The arrangenent is such that when the
retaining means retains the firing nechanismin the second position, the
val ve body is novable relative to thg-valve seat; and when the retaining
means retains the valve body in engagenment with the valve seat, the firing
mechani smd the npenaiobition. Fusthdrmere! whénhie valve/meand diyiovellfeoni eHeadpeh Pesitionans

pr ef er abl Qnprises..a retaining nenber first recess rqvided in the
spring rreg%glﬁin@?ﬁe é’oglﬁ‘&rbﬁthe V@X%gfarﬁr%@i%%gr‘f‘ﬁ meghaniym, ate m Wﬁtgf%fa‘eand an
aperture pecond cidadive poditien toahe Arsb exdative tpositisie by thei foge 106 dtectiashgi mensli sposed in
the valve body aperture and in one or the other of the first and second
recesses, the arrangenent being such that when the firing nechani sm and
the val ve Thodippaams idesitaby furtherl corBpravkd Meretapidsg brie@id, for etaihalgy e gl aperture
is aligned with t.hﬁFseco d recess ag\%dt[ he ret aL,ni,rEIgg rrenbﬁr i s disposed in
the val ve ST 4B P FP@nd ReFHHioR S8URt dirgforss af Lhe biasipg RRwY apd, forpretainy

geg hani s mugndive !bedy\/i?!eugghﬁdﬂd s wﬁme?]d wfl\_tetveats q6e ﬂaﬂgehxgﬁti iﬁ SudhQRdt twhef thet hrerb val ve
ody aperture, is aligned w the fi.rst recess and. the retaining, menber is
i sposed FHABHE ey EHGU{PE SHe PIHEnER dn (oo aposoBede Valin dpdY e val ve
body and wiveablelkelftiveaatheavatvel sdatt Bl Whas@E rétdiningi ridans reRiR e valod badye firing
mechani sm.to t he secon referab) y cause the first s to be

position ; ; rece
br ought ir‘l‘f‘c')“gameﬁt_n‘ﬁ’élhﬂ‘ev\ﬁa il Sf%ethgéir%ﬂtfs SThETRYARLe et YeHR Wkt recess
wher eby t Ipady et PrieieRGning iRy preftfablp ¢empriseinal REHMS aidchbel GEAfst irftle® t he
first recess upon_ the appljcation of a forc he val ve body out of

: . e tq move t
engagenmentPT "EW%SR}'H‘N'E‘C%@&F’: agrend reqess PEAWASd 3B i bregch peRion, andA8 seat are

i n the opePerd@e iptdvided iNRMELVENY badly, tHeQetdMingSmbBABEY Yeihi AiPOEAUR M Nalvewi t h the
val ve seat preferably causes the second recess to be brought into alignnment

with the bogdy sReriE3id-inme oF ghegileriof dhe figss and, seeendarecasica, Bp GITARESMER! aj ni ng
nmenber carmpei¥p\%tct thefWwhen the firing mechanism and the valve body are in the first relative

position, the valve body aperture is aligned with the second recess and the retaining

member is disposed in the valve body aperture and the second recess, and when the firing
mechanism and the valve body are in the second relative position, the valve body aperture
is aligned with the first recess and the retaining member is disposed in the valve body

aperture and the first recess.

When the valve body and the valve seat are in the closed position, movement of the firing
mechanism to the second position preferably cause the first recess to be brought into
alignment with the valve body aperture and the second recess whereby the retaining
member can move from the second recess into the first recess upon the application of a
force to move the valve body out of engagement with the valve seat. When the valve body
and the valve seat are in the open position, movement of the valve body into engagement
with the valve seat preferably causes the second recess to be brought into alignment with
the valve body aperture and the first recess, whereby the retaining member can move from
the first recess into the second recess upon the application of the force of the biasing

means.



the first recess into the second recess upon the application of the force
of the biasing neans. WO 01/02790 PCT/ S&9/00065 -7 It is preferred that
retaining menber is substantially spherical, and nost preferably, there
are three of said retaining nenbers arranged about the firing mechani sm
The firin Gﬂ? bapi sm preferably conprises a firing pin npeurses/ossa support
shaft, the |r|ng pin and the support shaft being novable relative to the
val ve body. The firing mechanismpreferably further conprises a housing,
fixedly secured to the valve body, whereby the firing pin and the support
shaft are novable relative to the housing, the housing having an aperture
t hr ough VWisth’cférF&d that &étﬂmnphﬁmbarns Rubsantidllycsplrical, ane Rg3gprefchdly, Rhde ecti | e.

Th h t d the f
T an! aTEREC of B roR I e bl auyaaed sbiot ot T BRI o 1 T wi Shased i n

t he housing aperture and may be struck by the projectile, thereby
initiati firin her e ve neans and the ring
rochani sniieine AR BisaRg cpOses pATing Rl moRREs pp A shepor sty 8o

di sposed fifind pia dndusné e@paﬂeshwrbemgndomrx BRiivd e diervablé rkzmyl iTRe iriag ect ile.
The first recess gfa% g[‘ow ded, i n {he, suglgoc{lt shaf t o% 9 c{

mechani snfeCRARISHAY ﬁ“ §1; SOBIri§essh BOHSINg Y &ecyred 10 the, 43ive Bo yhat it is
only the &Mrwygmelmmgrmn tah@ tifeUsipport sEdfehre méfableNelafive tdthenikiag) e whi ch
are novable relative to the valve neans. An actuati n means |s%£geferably

provi ded HA4HBHI3VIE 28 SPATREE Epugp highitae \ﬁaps/embeaynqyﬁﬂ Ofsler EhePegeTift wit h

t he val veprppatile, aThe hﬁm@&ﬁéxﬁrrﬂ@ e fswhtthﬁr wheR e ohiveomemseant NRe Firihg NQ
nechanlsmandthevlveﬁe ?51 rom heflrfs elatlvepsltlo%othe
second r eMggapism 35 dp the frst rejatiye pasition, thy USRI fv Aisposed dn the hpusingy eans

CONPr i SeSapRriiréRna May R GHueEbY the ﬁrb’j@ctﬂ@'tﬂ@eﬁ?oﬂmauﬁg"ﬂnﬁ’g lh@i«&%f @ﬂﬁﬂliéf#d to the
firing mechani smand pivotally upted to the sup pi vot al

movenent @ valve mearscand fhg firing HEC@B SPcATE 1 thg second H%‘ Vél Pé’ﬂ‘@% &8 Bgent
bet ween t g i Abt\dlspBsed ¥n athdubiflg bheriufdadiBAkiARit B8 struck by the projectile. The

first recess may be provided in the support shaft of the firing mechanism. The housing

is fixedly secured to the valve body so that it is only the firing pin and the support shaft
of the firing mechanism which are movable relative to the valve means.

An actuating means is preferably provided which is adapted to move the valve body out
of engagement with the valve seat, and_is preferably further adapted to move the firing
mechanism and the valve means from the first relative position to the second relative
position. In a preferred embodiment, the actuating means comprises a support secured to
the valve body, and a lever secured to the firing mechanism and pivotally mounted to the
support, whereby pivotal movement of the lever about the support causes the relative

movement between the valve body and the firing mechanism.

The valve seat is preferably provided on the breech assembly. The valve seat
advantageously includes an elastomeric seal body which is engaged by the valve body
when the valve means is in the closed position, the seal body being adapted to seal against
an inner surface of the barrel upon firing of the projectile. The valve seat may further
comprise a retaining member adapted to retain the seal body in engagement with the
barrel.



The val ve seat is preferably provided on the breech assenbly. The val ve
seat advantageously includes an el astoneric seal body which is engaged by
the val ve body when the valve nmeans is in the closed position, the seal
body bei ng adapted to seal against an inner surface of the barrel upon
firing of Wwdegaheel ectile. The valve seat may further copprses/imodset ai ni ng
menber adapted to retain the seal body in engagenent with the barrel. WO
01/ 02790 PCVSEX9/ 00065 -8 In an advant ageous enbodi nent of the invention,
t he apparatus further conprises cool iglg neans adapted to cool the barrel
during and/or after firing of the projectile. The cooling neans may be
adapt ed tla adeﬂvmageouoﬁhbonmegasf tﬁad{veniudhotﬂel apgat‘atuﬁl firehet @othprise® doting The

cool i ng as el her. c, al and t he

cooling I at@égﬂ%}%%ng(ﬁiﬁz “B%gF ﬁﬁd’r%‘é{ﬂ% H‘%F%"&&I y

?ﬁl i ver S 1§eansl m?obe n@ppgagoamoarcwnﬁg gmax;dVdrqwodlnMﬁﬂldttthé’gbx‘ée THeans is in
e closed positio caol i ng .gas or 600 L qui

del i ver ed™® P@“&%&‘%Fé‘s‘?m %@H(Wﬂg ‘% B@g &a‘glc\‘?%l“%g‘ i he val ve

seat. | n wodlyesebeaérndhé codling nesany pregrdmaaawbmhudsasn@g gdaqhalegcaﬁagl nlet in

t he breech ass hro h . whi o]in an be ed into the bore
using a Eﬁ'ﬁ‘&gﬁr‘@&‘ﬁl% P igethe cfoﬁ‘é} Fﬁé qeoling &35 apd/omreRolipg o i ng gas
inlet is m;umf iseirgbdefivérbe s tebote rcaph theagap bedea@ mebml/eadaey @nd fYVhREr NOT €,

t he coolln% gas may be punped into the bore using the sane punp as the
punp used®® punp air out of the bore through the air vent; alternatively,
two different punps nay be used I n one enbodi nent, the cooling nmeans

i ncl udes §a cool b‘éﬁ“ L}Eﬁl i n e breech assenbl y t hrough Whl ch
cool i ng | 4HF 6™ MeAns inclydesipqolipg gas injet in,the besegleagambly s open.
It is pr e&xﬁmgledhklilaéolihﬁlgas(‘daﬁ)bé Pny@a sntd HeDoreARME Arhigt Wtess@re bidvekr when!i d i nl et

are arr an% t an
e valve means is open. The cooling gas inlet is preferably the same the air vent

described above. Furthermore, the cooling gas may be pumped into the bore using the
same pump as the pump used to pump air out of the bore through the air vent;

alternatively, two different pumps may be used.

In one embodiment, the cooling means includes a cooling liquid inlet in the breech
assembly through which cooling liquid can be pumped into the bore when the valve means

is open.

It is preferred that the cooling gas inlet and/or the cooling liquid inlet are arranged at an
angle to the longitudinal axis of the bore which is in the range 40" to 60°, and which is
most preferably substantially 50°, and tangentially to the inner surface of the bore. It will
be appreciated that more than one cooling gas inlet and/or cooling liquid inlet may be

provided.
It is further preferred that each cooling liquid inlet is arranged to alternate with a cooling

gas inlet. The cooling gas is injected first to form a cyclonic airflow followed by injecting

the cooling liquid.

The operation and structure of the preferred form of the invention should now be clear



angle to the longitudinal axis of the bore which is in the range 40" to

60', and which is nost preferably substantially 50% and tangentially to
the inner surface of the bore. It will be appreciated that nore than one
cooling gas inlet and/or cooling liquid inlet may be provided. It is
further puRfflhRg that each cooling liquid inlet is arrapgmscimomst er nat e
with a cooling gas inlet. The cooling gas is injected first to forma
cyclonic airflow followed by injecting the cooling liquid. The operation
and structure of the preferred formodg. the invention should now be clear WO
01/ 02790 PCT/ SG&9/ 00065 fromthe foregoing. Prior to |oading of the

proj ect i | fegm thecforegbing. Pmarmts lomlingedfahe prbjectile] the valvk aseans pasthinedm thy t he

retainin . d.the firing mechanissm and.the val ye ans are in the
first r elg%(g?c@goss%glrﬁ? {15 fetaiping ’3{4@6 fﬁ@gr{gecpgms(“h@?fj fﬁ‘&é’a Ve PCAVES t he val ve
neans  anid thédfirst reldtive positérariiheractunting mbws fis thed used! tatnove tRowlie éan 0 t he

second rel ative .positiaon agal nst the force of the biasing neans. This may
be done baﬁﬁadl ehgm mgf)t?mg?lofrr?l%g’e f‘ﬁ%’e‘ag V888§§°%‘8ﬁ%§°°3¥f¥9@9%898‘wen t he

val ve neaagainantie tfdree bf thiertdasingomenns SThig by ibe dohe by fai iufifan fopérador,vér |OSi ti on,

t he retaining neans now rg,t s fhe val ve bo to.nmove relative _to the

val ve sea‘fmfegs g}gg}et%gowﬁiﬁ%\-,?ma{hgYalwﬁnpglstang’ﬁvﬁw mechausmarg | hee open
posi ti on, first fefative padition) gheRaNfingVinehns oy Remid theaalve 'boliyitd MmovéRYENENT

bet ween t he, val ve neans and lthe fi rwg Ir’LEchiami sm .\N‘]e;}]the val yve neans
reaches tHENORFES SFHL PReB Ae Vplys rBpans Vhile thevalve meaps i dny the apgn positiany ¢

]Ehr ough tdﬂﬁrmimg ﬁleﬁfs willenob périrfd a(jnyA@laiif}&mﬁVéﬁieﬁ@Béth%ndh@Pﬁ'ﬁ; ﬂx‘gﬂfsﬁﬁd tﬂe .
iring ne nism .the a trap in the bore can be, expelled_through the
air vent R Aripg mechanisn, Whet HiROiaIve miiah FapES Se<GPER ARTUOT A RIS MAY The

pL 0j eclt il &blea:jcﬁdlinﬂcathle yooﬂenmaagtsrhetxﬂnﬁzlﬁiqriuﬁgmﬂiep haesrml & projetiri d}epdsacadmﬂlhi S caﬁses
t he val ve to nmove intg contact with t val ve sea nd to ¢lose the
val ver WibR Dt Mes Py 8 A PP G118 bOFFLaR B SPRIRG toiEhbe He vt he

bi asi ng naBeedhOasbeditle, Wiltethe Absiseant® 8Nthe Pip! Mhe Pprdjédlite ERARAN Bripaktack into

the first relative position. Wien this happens, the firing pin_is noved
t hr ough t he ﬁ&%msm housing and this causes the valve body to move into contact with the

valve seat and to close the valve. When the valve means is closed the retaining means
permits the biasing means to force the valve means and the firing mechanism back into
the first relative position. When this happens, the firing pin is moved through the aperture
in the housing and into engagement with the projectile, thereby initiating firing of the
projectile. The burning of propellant created by firing of the projectile builds up a pressure
within the bore which presses the valve body against the valve seat and presses the valve
seat against the breech assembly; in order to prevent leakage of hot gases through the air

vent. The cycle is then repeated.

Furthermore, when the valve means is opened the cooling means is activated to deliver
cooling gas and/or cooling liquid to the bore. Furthermore, the blower may be utilised
to inject a jet of gas and/or liquid to expel a misfired projectile from the bore when the

valve means is open.

According to another aspect of the invention, there is provided a firing apparatus for a



in the housing and into engagenent with the projectile, thereby initiating
firing of the projectile. 'Me burning of propellant created by firing of
the projectile builds up a pressure wthin the bore which presses the

val ve- body agai nst the val ve seat and presses the valve seat against the
breech asggydiliogrgel N Order to prevent |eakage of hot gasepcthcsugisst he air
vent. The cyc(e is then repeated. Furthernore, when the valve neans is
opened the cooling neans is activated to deliver cooling gas and/or
cooling liquid to the bore. Furthernmer@, the blower may be utilised to
inject a jet of gas and/or liquid to expel a msfired projectile fromthe
bor e whenweigon adapted tordine) projectilepethe weapan Heing of echearype hempidsigea thargél t he

i nventiong, f.he ' L.OV] .a firing apparatus for a 01/ 0279

boT Scoe) BBIHEE ﬁgl’féhe&%%p%h%qgagpﬂpg%a%‘% cqlfiprising; & brecth |a%s§‘,‘vﬂyh"]é‘é%‘£5’g‘?? bei ng of
t he type smumped tesihedaaelbarfirtlg mévhanisng adapledrte iditise diring of e grojectilg frampar at us
conpri si ng: . . secured to.the. barrel; a
firing mec eé)ﬁfegmwgggbﬁﬁﬁ e%ﬁltg%%%%ﬁ% I g{’ gg%‘ﬁtegf:&n)ogmgﬁai ?lned??)rrcgf lér(',gt' ﬁ'lqgﬁft?gfﬁ t he

bor e, andbarecaftst ifinigg rof dhes pajkaplee The dirige |apparatus ecdording gathisaasgéanof dleol | ng;

liquid to.the. bore. after fijring..of e projectile. . The firin ar at us
acgor di ng “fvggtf%’i ’§£ya'§‘§1élc? a'cl?; éc{r%bé&tll&ﬁ\ﬁ’éﬁieifgqugﬁﬁgll *hﬁﬁrWGeapBﬁgf“%B‘%ﬁf%ﬁﬁti on of

t he feat uretedirsttaggect of thadnvammmr at us according to the first aspect of the
i nvention. According to another aspect of the invention there is provided a
weapon conprising a barrel having a bore therein for firing a projectile,
ang ahfi riﬂt@o?ﬁ@&?&hyﬁeﬁ&pé&&ﬁ nﬁ&ﬁdentiait!;@me wmbﬂedia%ﬁp&ﬁcdhﬂi’rfsﬁk aat Ong
end t hereof. e firin aratus may he secured.to the barrel or may be
Chteoral orisptavins o P BRERIG! il Rbmtnls S0 3 ik avbaaps gh Asscribe,

pr ef er abl ybavepeovided oguite barist hednelond alierdifi Die fifind upparang may de s@aded wgs shown

herei n relate 1po0ng, RIIAYRRke 0y e 1 nvention.

Preferably the weapon is an artillery gun, most preferably a mortar gun,
Brief Description of Drawings
All drawings shown herein relate to one embodiment of the invention.

Figure 1 is a side view of a breech assembly having an opened valve according to a

preferred embodiment of the invention.
Figure 2 is a side view of a breech assembly having a closed valve.
Figure 3 is a cross-sectional view of a valve seat assembly.

Figure 4 is an enlarged view of the part of the breech assembly containing the valve seat

assembly.

Figure 5 is a side view of the breech assembly showing the air and water inlet holes of

the cooling system.



Figure | is a side view of a breech assenbly having an opened val ve
according to a preferred enbodi nent of the invention. Figure 2 is a side
view of a breech assenbly having a closed valve. Figure 3 is a
cross-sectional view of a valve seat assenbly. Figure 4 is an enl arged view
of the panyo@fibdse breech assenbly containing the val ve pegiscosmsmsssnbl y.
Figure 5 is a side view of the breech assenbly showi ng the air and water
inlet holes of the cooling system WO 01/02790 PCTI SG9/00065 Figure 6 is
a cross-sectional view of the breech a9senbly taken at Section B-B of
Figure 5. Figure 7 is an isonetric view of the breech assenbly of Figure
5. Fi gur e Rigure6 dam crosmettidnel viewwf die reethlasdembiyngkdnoit Sdction B-Beof\FBhire seat
assenbly. ¢ Figure 9 is a cross-sectional view of a split ring found in the
val ve seat”'assenbly. Description of the Invention Illustrated with a
Preferred Enbodi ment The firing cycle Figures 1 and 2 show one preferred

enbodi nent..of the_invention, n I nort ar stem, assenbly (1.0) with a
bush (2. 5)F‘§‘ﬁ?tc7ﬁsf’ ISOREUE; ey 93@?%‘%’?@%‘“@ ﬁ’ﬁﬁ%“r ed to the firing pin
assenbly (5.0) during the firing process. The nortar system (1.0) has a

| ever (4.5 dlhe.rear. end nd .a breech .assenbl 2.0) that holds a

val ve ass?ﬁ%qrgk(lgl%}sf)%%mfivl’?%gfaa SRR r%?@?f@l’?‘ﬁ%@‘}%ﬁé‘t%s byring (5.4), is
secured to the valve assenbly (4.0) and 3 balls (6) are adjacent to the
firing pin.ass Ly (5.0). The val ve bady_.(4..1) adjacent to the bush
(2.5), isr“éﬁ&%@ﬁ%’a%éa&f-ﬁ%?l%f&?awwﬁw bt §5’§/ Bé”“ﬂé‘%/ d'a{"ﬁée%éfqeglb’(m) | ocked in
between the valve body (4. 1) and the bush (2.5). There are inner and
outer groaqyes. (| | d112 iI?Yatedeto_t rds {he rear end of the val ve body

(4. 1), 1o ith o Preferyed Ergbodimenty 5 resilient
force being built up on the spring (5.4) of the firing pin assenbly

The firing cycle

Figures 1 and 2 show one preferred embodiment of the invention, namely a mortar system
assembly (1.0) with a bush (2.5) which is relatively stationary as compared to the firing
pin assembly (5.0) during the firing process. The mortar system (1.0) has a lever (4.5)
at the rear end, and a breech assembly (2.0) that holds a valve assembly (4.0). A firing
pin assembly (5.0) with a spring (5.4), is secured to the valve assembly (4.0) and 3 balls
(6) are adjacent to the firing pin assembly (5.0). The valve body (4.1) adjacent to the
bush (2.5), is engaged to the said bush (2.5) by having the balls (6) locked in between the
valve body (4.1) and the bush (2.5). There are inner and outer grooves (11 and 12)
located towards the rear end of the valve body (4.1), whereby a pull on the lever (4.5),
will result in a resilient force being built up on the spring (5.4) of the firing pin assembly
(5.0), such that the firing pin assembly (5.0) retracts until the inner groove (11) is aligned
with the balls (6). The balls (6) will be forced rearwards by the cocking movement,
allowing the valve body (4.1) to move forward to an opened position. The firing pin
assembly (5.0) is coupled with the balls (6) and will remain in this locked position. Upon
releasing the lever (4.5), the retaining force of the valve body (4.1) generated by the
spring (5.4) of the firing pin assembly (5.0) will force the balls (6) to sit on the bush
(2.5).



(5.0), such that the firing pin assenbly (5.0) retracts until the inner
groove (11) is aligned wth the balls (6). The balls (6) will be forced
rearwards by the cocking novenent, allowi ng the valve body (4. 1) to nove
forward to an opened position. The firing pin assenbly (5.0) is coupled
with the RQadisff) and will remain in this | ocked positigr/sddoamesr el easi ng
the lever (4.5), the retaining force of the valve body (4. 1) generated by
the spring (5.4) of the firing pin assenbly (5.0) will force the .balls
(6) to sit on the bush (2.5). WO 01.{32790 PCT/ S&9/ 00065 -12 During

| oadi ng of a nortar bonb, the valve assenbly (4.0) will remain |ocked in
the openBdripgdéadingnofivhmortahbomtnr thevalve aksemslyt (40) evilli regaid doeked e thaar r el

(8). This t sucked outwardly b hi gh- pressure
bl ower p@éne‘?:ﬁ%fm%%f%f h'g?n%{o%ome” %ﬁ%'g B8 dpwp&g%ﬁarﬁ%iﬂégepg %R’Jal r inlet
hol es (9) trappeabalderbdanckedabummdly)hyjmaglgmpmmre b&bmutplpeg(xfot sisva) dtt ael | owi ng
about 30 roun I r.in ce cont act
with the f‘?“Pﬁ‘% ‘Emﬁgmesq%g“ ‘Q‘)‘P‘t“ﬁﬁe%r‘é'ﬂf H%?%H‘ér‘l'%ﬁ ‘068% will be
]E ransferred sgmgdmallmhgalla(?mdv réuﬁhds o) ﬁtlﬂgl példgfn(\jxteO Ozvegﬁﬁlﬁﬁi'tal' E@mﬁ & Eihnijng
orce exert e all.s val ve bo i s.then she
towards a ?ﬂ%gé%th tg% ifiring pi \‘/\Ahg’?f)“fgh@hﬁame mf’%‘)’“t“ rP(fafP? fo W’t‘ﬂﬂgﬁ out er
groove (1&)11stbmemga ﬁx@@ﬁt/elsbdw@ 1l1j"lﬁ di'dbl’mto G\ttd:od ﬁi‘gth&r:fetd@xuﬁ ) fdrde &xerted By tli“eh:c S
position, ve e closed a the s n orce
the firi naa'f"g@natbgs&%f)@ (‘éz‘g they ’fef‘PB H’gtvﬁfg “H%‘?M% ({)6
oth vva(rj dind ﬂflgxh&nowitﬁl’angﬁeﬁ‘gﬁ)ové m) bei@gl(l@:afeb&t el rédt éhlloF kY M}sﬁlﬂ S% i's ]
cl osed, the |r|n in a ) r in fu orce. The
monent um Of HiHR (gtsb X‘H‘i% i"Se\MO‘)“d\ﬁHDFPrP‘és(g %‘ﬂ forgg the tJ’c’!“ﬁvel li ng.
' !\/Fl pr ot r?ﬁi men::my ffm’ fohbérﬂgvlﬁctmw(lﬁ;;tﬁh tHer 0 K@Ebu%érﬂ ko mwodiﬁtg&?m (4. 2]2
Wi in rn_strike n em)rtro_ cauysi t iring o
the. bor. (oo ths ValvaasBEblin & s oS Sies ing BRGS BN D BV | 01 g
gas are E)Eérlwaﬁﬁlixy fill etced UTtieN@orhénir Of (the Hifidg Had as®embly (5.0) will result in
over-travelling. The protrusion of the firing pin (5.5) from the firing pin housing (4.2) will

in turn strike the primer on the mortar bomb causing the firing of the bomb.

The valve seat assembly

The pressure and temperature of firing gas are extremely high during firing (1,500 bar @
higher than 1,300°C) and the build-up is within a few milliseconds . There will be
propellant residues and aluminum clips remaining in the barrel after firing which are

formed from incomplete burning of propellant charges.

Figures 3 and 4 show a valve seat assembly (3.0) adjacent to the valve (4.1) which
encompasses a seal body (3.1) as its main component, which is made of reinforced
Elastomer-based material. A front split ring (3.2) is adjoined to the barrel (8) as well as
with the valve body (4.1). The front split ring (3.2) and the back split ring (3.3) are in
contact with the barrel (8). Each split ring is comprised of about 3 cut segments, each of
substantially equal length, which will be forced together under high pressure. This

ensures that the gap in the valve seat assembly (3.0) is fully closed under high pressure.



hi gher than 1,300C) and the build-up is within a few mlliseconds . There
w il be propellant residues and alum numclips remaining in the barrel
after firing which are fornmed frominconpl ete burning of propellant
charges. Figures 3 and 4 show a val ve seat assenbly (3.0) adjacent to the
val ve (4. %\)03{%2?‘99 enconpasses a seal body (3.1) as its perscewwsnent,
which is nade of reinforced Elastoner-based material. A front split ring
(3.2) is adjoined to the barrel (8) as well as wth the valve body (4. 1).
The front split ring (3.2) and the hagk split ring (3.3) are in contact
with the barrel (8). Each split ring is conprised of about 3 cut segnents,

each of Mubsatamig @l3)unequwatk inaaofify (3 &Bni/\tdnkacbwnﬁ Qrb(ﬁ@dn% paetday under
hi gh pressL{SPS Thi s that the gap in the valve seat assenbly (3.0)

is fully ® @(ﬂvedﬁﬁé‘Pﬁ éﬁgﬂ? Hes\ahgel Bﬁ%"@?wﬁ‘?@ﬂ‘)‘ Splfgins@eB and\n i nner

ring (3. She aiidr aldga(Gl.G)ldi\élﬁf coritat wid. e valve bbdy (NN aBhuring iting, IR g pl ate
(2.4) on the val ve n the val ve-cl osed position. The

front splATESSYEF r¥§“"(’§° ?‘ F\ga"‘glfédel %ﬁe&“ the yalve gssembly (4.0) god Bietfifing RiRt h t he

val ve bodjsuidg 14.2). Dukd ey ‘su;fpbﬂghattab@ agﬁﬁst thY £8Y au%ﬂ%ea&@&hasﬁdetxbe barr el
side acts,on the the firi n%opl n housing (4.2

The only ‘E’ij}f?&?rsFat;{‘HJQ\F/egg}%s’haéd%i;‘n@fmf‘%\g“%% sp3tdedy; (b Do the; bask ingEEHRS si de) i s

the val ve3spaid th@hﬂafru(g2(33) Sh@tanlasrahgbnﬁ&ﬁhégﬁiﬁewefbrém&ﬁﬁf-uﬂ)m}ie (3. 1),
t he back inner ri ng’Mrzeg m%sq? the inner rin Such an arrangenent
I

magni f i esSeYPAdpRel thegas pressyee mé‘@a@"ﬁbd}’“‘é Sff"—‘=£)‘S ¢apsed by the nps  of

the gas piifferehdecbetweeh MR &8d 6€fas pt&ibife Qf:lfuﬁcén !h§ bﬁﬁélsﬁdi &Xm’éﬂﬁe aféh bf er ence
bet ween the area of gas pressure_acting o he barr el de agal nst the area

of suppo%UPPQfﬁ onhhe 6 bqs‘ad‘; ‘Y03, Ungler mbévg% RESSUEg. gifie ﬁP@sWVeG BHe seal

body (3. chinpteSsed m&a&&% Béremed RS SQbe b me%ﬁﬁétrgﬁfifa&ee %@'fﬁoﬂﬁ piig! | the
contact surfaces front split ring (3. unctions nmainly to protect

the seal UREdy-2) functions majgply IBEHIWQC‘:IHFF i?é'n@%’&tﬁﬂl/% fmmpbeing intcontpet vathubigh gas and
to prevenembb@untéahs BRI dravend thef sEerHoE?'(f‘@) frd i’ xtrhf&d. S §fk kQding Sur f ace

bei ng fl exi ole its operation w |l not be affected by small foreign

parti cl essuffagecbeipg flexible, its opststion WHL ok beafdasted by S@@bquﬂgn Suticlge thet may,j s
sel f - seal j\hppéd ih BRwedn thé SeafAdurRQEY Thid: sel:k-)sealmg action of the seal body (3.1)

therefore allows effective and reliable use of the valve seat (3.0) to prevent the firing gas

from penetrating the valve when the valve is in the closed position.

The cooling systemn

Figures 5 (Side View), 6 (Section View) and 7 (Isometric View) show that details of the
air and water inlet holes on the breech piece (2.1). In Figures 1 and 2, the air inlet cover
(2.2) is secured onto the breech piece (2.1) by the lock-nut (2.7), and they form an air
inlet chamber and a water inlet groove. The air inlets cover (2.2) is connected to the
high-pressure blower and the water supply (not shown). The air inlet holes (9) are
arranged at an angle in the range of 40° to 60° to the longitudinal axis of the bore and
tangential to the inner surface of the mixing chamber. When inlet air is forced through
the tapered inlet holes tangentially to the mixing chamber, the velocity of the airflow will
be further boosted by the jet-effect of the tapered holes. Therefore, a cyclonic airflow
through the barrel is created.




therefore allows effective and reliable use of the valve seat (3.0) to
prevent the firing gas from penetrating the valve when the valve is in the
cl osed position. The cooling systemFigures 5 (Side View), 6 (Section View)
and 7 (lsonetric View) show that details of the air and water inlet holes
on the brgpémsgce (2. 1). In Figures | and 2, the air pogtomoossr (2.2)
is secured onto the breech piece (2. 1) by the lock-nut (2.7), and they
forman air inlet chanber and a water inlet groove. The air inlets cover
(2.2) is connected to the high-presgyre blower and the water supply (not
shown). The air inlet holes (9) are arranged at an angle in the range of
40* to 6(Thetwater et assemiglies (mdt stwhwnp iesinsedllet] Hie tHeowaterctivdes (10)0 OHiEt tigpdf the t he

i nner sur f e 1 Xl C er... n.nlet air is forced through the
t aper ed i‘Ir'ﬂ%gsetﬁlgﬁel% glnél %ﬁ geagwgﬂxwg%@?f’nga%‘g?fﬁre}cf “?zﬁé 8%ty of the
ai rf1 ow wwith another 4in irl¢tioleb oOptirmidedomirinieof i aref oot mit ist dehievaansr weh hol es.
Therefore, a cvclonic,airflow through the barrel is created. WO 01102790
PCT/ 3099/*’8(?6’€B¥°“1°fg Wéi %fa ErWﬁ‘eé't‘“‘%Es‘g‘@rfﬁiﬂP'&sas (‘fﬁ%&“"% S 1P dhe bgrel| | ed i n

t he wat erbebamsemoftidd)it onlj eravélled af vetyrshortvdiftarice] EWheHOhE veive hssembly (@) edge of

t he m xi ng. chanber.. Etach \Aﬁ]g.er jlit nozzll aJte}r#z_t es Wwth another air

inl et hol'®™ BPFIRH PEYIGH (o Fjgue 11 e aif, 5l hs tyecied dirst;te eenerate d SYCIORIC such  an
ar r angenairflow NMilkiwed by irjextingi tvater. nTist warérl dropletgatrenfosced dé Sidkedno thelinder it 1S in

the barrel . becaus of it only travell a very short djstance. 'Wen
the val ve® f%%ee?ﬁl!‘f/%(aﬂnggéue {osghf ﬁe‘é;ﬂxﬁgﬁleﬁé‘if ?ﬁg‘f" {yeipni §é‘g°ﬁ'i gﬁ“’e“’i‘f' the air
will be idpmat el lf_lgihdvsﬁorzttal ‘qﬁﬁe‘j’fﬁw mnqye:ifxa rbhﬁgl (Qj,r\f/ﬁiﬂy\&;fﬂdry)w%tiw
injecting wateg. g wate ropl et e fqorced to stick onto the inner
surface GPEAEng! fsEevie Heerctrom e oartsL  Thys, s ioveh Foaling praces. MHIShAREE i rf1 ow
The wat erplacglippetetén fiting atdedu@ing Aaling| efedtiPEy c6619 trarréd {8). t he hot barrel
(8), which is a very effective neans of renoving heat fromthe barrel.
Thus, this novel cooling process, which takes place in between firing and

during i diniof€emSdirgent bfBe Jhvertioh Sthé [ifeclad 6€the aff)and moisture can be achieved
by utilising a shock sensor or the like to detect the stage of the firing cycle and further,

a microprocessor can be used to control the solenoid valves to regulate volume and

frequency of air and moisture to be injected.

Example A below illustrates the cooling effect achieved by using the cooling system of the

present invention.
Example A
Heat generated per Round fired

Temperature increase per round fired assumed to be 3°C.
Weight of the Barrel assumed to be 80 kg

Therefore,
80kg x 3°C x 0.11 = 26,400 Calories

Amount of water required for completely removing the heat generated



I n one enbodi nent of the invention, the injection of the air and noisture
can be achieved by utilising a shock sensor or the |ike to detect the
stage of the firing cycle and further, a mcroprocessor can be used to
control the solenoid valves to regulate volunme and frequency of air and
noi st ure twobpo21sy ect ed. Exanple A below illustrates thePECESGPMWPIESE f ect

achi eved by using the cooling systemof the present invention. Exanple A
Heat generated per Round fired Tenperature increase per round fired assuned
to be 3 * C. Wight of the Barrel as¥uned to be 80 kg Therefore, 80kg x 3

* Cx 0. 11 = 26,400 Cal ories Amount of water required for conpletely
renovi ng t he h‘i?ff °g§?@:”éi‘t€-ﬂ? fcyaier 3 d9tgn: p8UCRIoUeS(IMBS - 15 Heat of

Vapori zation of water at latm: 5 40 Calories/gram Therefore, 26,400
Cal ories - 54ngal ories/gram=_ 49 gram (theoretical) Convection Heat
Transfer Coef f1REFPE: 5,000 50,000 WM ' C (dependi ng on the tenperature

difference) 16\M0d3aléends OF $4BSCHAR/pem ROUOGr i {inbRetddf) Cal ori es/ second
Therefore 1,200 - 12,000 Cal ori es/ second ter Flow Estinated The surface

area of the Barrel Bore: ~ 0. 12mx r x 2 mL =0. 75 M If the heat
Transf er Conwkiibit Head Trmsfer COOficfeat Or i €s/ second is achi evable, then the

5,000 ~ 50,000 W/m? "C (depending on the temperature difference)
1 kW = 239 Calories/second; Round-off to 240 Calories/second

Therefore
1,200 ~ 12,000 Calories/second

Water Flow Estimated
The surface area of the Barrel Bore: ¢ 0.12mx rx2m L = 0.75 m?

If the heat Transfer Co-efficient of 12,000 Calories/second is achievable, then the

optimal water flow rate should be :

12000Cal*0.75
540Cal

=16.67gm/sec

Cooling Cycle Time and its Efficiency

Time taken to load the mortar bomb and for it to travel inside the barrel 0.8 sec

Time taken to fire, recoil until the cooling valve opens 0.1 sec
Time taken to dry the barrel 0.3 sec
Sub Total : 1.2 sec

The total cycle - 1.2 sec will be the time available for cooling the barrel,



optimal water flow rate should be 12000Cal xO. 75 540Cal = 16.67gn sec
Cooling Cycle Tine and its Efficiency Tine taken to | oad the nortar bonb
and for it to travel inside the barrel 0.8 sec Tine taken to fire, recoil
until the cooling valve opens 0. 1 sec Tinme taken to dry the barrel 0. 3
sec Sub Towel1/d279®2 sec The total cycle - 1.2 sec w |l beCIISE004es

avail able for cooling the barrel. WD 01/02790 PCT/ S&9/ 00065 -16 Rate of
Firing Rds/min 30 25 20 15 10 Cycle tinme sec 2 2.4 3 4 6 Cooling tinme sec
0.8 1.2 1.8 2.8 4.8 Cooling Efficientg 12,000 Cal/sec 36% 55% 82% 127%
218% 6,000 Callsec 18% 27% 41% 64% 109% The Blower and its sizing ' M

bl ower hag Raeef Firiy RE/MAiAt | et] ang onhe syctifon, ort. 115he prllrgary function of
bl owi ng  f—+— idture t6 cool tlhe hari e bdrrel after
cool i ng anfydedme t hesetal ve |sea . The2ductli o8 i s uséd 10 rermva t he

trapped a WEEelL tne bgrr gt T3 trom—ctor-ho—toadttng.
Conventimgp#)lmgqg}rl] F ext¥actin mg'éhan S 'i uséé D :ieém e &%isflired bonb
in the bafrel. The bl ower my@oﬁgggﬁidgnblylsed toInect ajet]of air

and/ or noOFstHH-e—to—expet—a—st+ed b—nthe barrel easily Jlas conpared
to conven{ibH% Calsenods. In dned6db bdisH@nt |oB2%he|i1a78n] i 8% hé Ri ng

Blover I sIRowRy€fisby 2 3- 7 KWIREOTT 979 | a1% | 64% | 109%

The Blower and its sizing
The blower has one blowing outlet and one suction port. The primary function of blowing
air is to carry moisture to cool the barrel, dry the barrel after cooling and clean the valve

seat. The suction is used to remove the trapped air in between the barrel and mortar
bomb during loading.

Conventionally, an extracting mechanism is used to remove a misfired bomb in the barrel.
The blower may also be utilised to inject a jet of air and/or moisture to expel a misfired

bomb in the barrel easily, as compared to conventional methods.

In one embodiment of the invention, the Ring Blower is powered by a 3.7 kW motor,

which will generate an Airflow of Sm3/min @ 0.24 bar.

The Airflow of 5m3/min @ 0.24 bar will become 6.2 m3/min after depressurization.

The cross-section area of the barrel 0.lim2 %1t =0.0113m"

3 .
Thus, the linear airflow velocity in the barrel will be 6.2m°/min o 14.icac
0.0113m %x60sec

The time taken for the air to flow throughout the barrel

will be : m

— . «(.22sec
9.14m/sec



which will generate an Airflow of 5M3/mn a 0.24 bar. The A rfl ow of
5M3/mn (D 0.24 bar will becone 6.2 M3/mn after depressurization. The
cross-section area of the barrel 0.12m 2 x7c =0.01 13m 4 Thus, the linear
airflow velocity in the barrel will be 6.2m3 /mn =9. 14nfsec 0.01 13m
2x60scc TReobisgeegt aken for the air to flow throughout thechkaceeseesn || be
2m " 0.22sec 9. 14nm sec WD 01/02790 PCT/ SG9/ 00065 -17 To ensure the
barrel is dry before |oading the next round, blowing of dry air for a

m nimum of 0.3 sec is required. Therefipgre, the 0.3 sec should be included
in the total tinme that is available for cooling. Systemfunction and tine
line SIN PeRsuen e basrel isndryDonferei loadings the neixt Founinglostigy 65d ai? fé 4N t he

firing pi migshn?Be0.3tLE isVRhYiRdPY 0.1 .0, i nal ul L .action of the
lever. 3 Timng .begi.nésa i} éh.mﬁgvent?cﬁ%fgrﬁbrd%aia'Ség)cng’%f"ﬁtb% ‘Pﬂg&gdﬁﬂéﬂmﬁhzzl e 0.3
0.3 and riscthatds avgileble derdtoatingrechani sm noves away, receives the next
nortar bonb and ready for loading within 1.7 sec concurrently.

System function and time line

S/N Function Time Line | Duration
sec
1 Firing starts 0 -
2 Arm the firing pin and open the valve by a -0.1 0.1
single pulling action of the lever.
3 Timing begins 0 -
4 Move the mortar bomb into the barrel muzzle 0.3 0.3

and release. The loading mechanism moves
away, receives the next mortar bomb and ready

for loading within 1.7 sec concurrently.

5 Time taken for the mortar to travel inside the 0.8 0.5
barrel
6 The mortar bomb pushes the valve to close and | 0.9 0.1

activates the firing pin

7 The mortar bomb fires off and recoil takes place | 0.9 0.1
8 Repeat S/N 2, blowing of air begins 1.0 0.1
9 Spraying of water begins 1.1 0.1
10 Stop the spraying of water 1.7 0.6
11 Stop the blowing of air 2.0 0.3

12 Firing cycle completed or repeat S/N.3 to 11 for | 0 -
continual firing

The invention described herein is susceptible to variations, modifications and/or additions

other than those specifically described and it is to be understood that the invention includes




5 Tine taken for the nortar to travel inside the 0.8 0.5 barrel 1 6 The
nortar bonb pushes the valve to close and 0.9 0.1 activates the firing pin
7 The nortar bonb fires off and recoil takes place 0.9 0.1 8 Repeat SIN 2,
bl owi ng of air begins 1.0 0.1 9 Spraying of water begins 1.1 0.1 10 Stop
the sprayiggophepter 1.7 0.6 11 Stop the bl ow ng of ai rpcayd&odocdes 12
Firing cycle conpleted or repeat SIN 3 tol I for O - continual firing The
i nvention described herein is susceptible to variations, nodifications
and/or additions other than those spgg.fically described and it is to be
understood that the invention includes WO 01/02790 PCT/ SG39/ 00065 -18 all
such vari aall wB variiving,i medificwionsund/ o radaiciohs wHBS fahwithin t&d dpirthi dnblisébpk he

spirit and ahave scription. A.though the preferre

enbodi rrentorgﬁé) & ‘l?efﬁ‘\:/ryﬁ? ?‘o%mr{r%uﬁgi%be crr ‘gBWB"“@F%‘t dhe igventigp megtioned ng
system t habovauelates kommoztyr firingyhiem Sthé irvehttonf iy 1616 suitdb1e For &Berf\l&e&' lery
syst ens. Q%ﬁ%g}gﬁ%anﬁﬂl SE9/ 00065 -19 PARTS LI ST WTH REFERE TO THE
DRAW NGS Far . ne of Part 1.0 Mortar System Assenbly 2.0 Breech
Assenbly 2.1 Breech Piece




2.2 Air Inlet Cover 2.3 Valve Seat Holder 2.4 Backing Plate 2.5 Bush 2.6
Seal Housing 2.7 Lock-Nut Air Inlet Cover 3.0 Valve Seat Assenbly 3.1 Seal
Body 3.2 Front Split Ring 3.3 Back Split Ring 3.4 Back Inner Ring 3.5
Inner Ring 3.6 Lock-Nut 4.0 Valve Assenbly 4.1 Valve Body 4.2 Firing Pin
Housi ng  4ycdorashoCap, Lever 4.4 Split Bush 4.5 Lever 4pgrk&yvaioodsi n 5.0
Firing Pin Assenbly 5.1 Firing Pin Extension 5.2 Spacer Rear 5.3 Spacer
Front 5.4 Spring 5.5 Firing Pin
-10-

PARTS LIST WITH REFERENCE TO THE DRAWINGS

Part No. Name of Part
1.0 Mortar System Assembly
2.0 Breech Assembly
2.1 Breech Piece
2.2 Air Inlet Cover
23 Valve Seat Holder
24 Backing Plate
2.5 Bush
2.6 Seal Housing
2.7 Lock-Nut Air Inlet Cover
3.0 Valve Seat Assembly
3.1 Seal Body
3.2 Front Split Ring
33 Back Split Ring
3.4 Back Inner Ring
3.5 Inner Ring
3.6 Lock-Nut
4.0 Valve Assembly
4.1 Valve Body
4.2 Firing Pin Housing
4.3 End Cap, Lever
4.4 Split Bush
4.5 Lever
4.6 Pivot Pin
5.0 Firing Pin Assembly
5.1 Firing Pin Extension
3.2 Spacer Rear
5.3 Spacer Front
5.4 Spring
5.5 Firing Pin
6 Ball
7 Cap Screw

8 Barrel



6 Ball 7 Cap Screw 8 Barrel WO 01/02790 PCT/ S&9/00065 -20- Cains 1. A
firing apparatus (1.0) for a projectile-firing weapon of the type
conprising a barrel (8) having a bore therein, the firing apparatus
conposing a breech assenbly (2.0) adapted to be secured to the barrel (8),
a firing npglpmssgn (5. 0) adapted to initiate firing of toegdeonibcesile from
the bore, and a valve neans (4.0) adapted to allow air within the bore,
between the projectile and the firing nechanism (5.0), to be expelled from
the bore during | oading of the projeckole through the bore. 2. Apparatus
(1.0) according to claim1, wherein the valve nmeans (4.0) is slidably

nount ed t &l18#E br eech assenbly (2.0) and the firing nmechanism (5.0) is
slidably nounted to the valve neans (4.0). 3. Apparatus (1.0) according to
claiml or 2, further conprising a blower adapted to suck air fromthe
bore durirlg | oAdfiriae apparates (3r®]fer aiprajectile-firggowearton of (e Gpe a&ﬁmsﬁh

claimil1, 2 or conpr i. ses a ody (4.
1) and a val vegg!;%?lh% Qﬁor\é"iﬁe‘{ @ﬁﬁnoéébé’%aﬁl)s CRUPRRE 3 Biey el"fh?)b and out
of engagenent {4-@radapies wdxe\secmehto t(xsbﬂjell(&),tarfh‘mg mahahsmes eﬁﬁhap@@w t he

I 4. r di claim4 wherein the
breech aeseni it Giind BPRE Bhditalcieim RCERE 405 vl oL HEERE % ¢ om ¢ he
bore can be exp@Weidwidnixamctbateebcmieen ta\projetiteeaid 1 6ifing ARchbals 5rmans (4.0)

gfrggggrrent i s su@%ﬁﬁégﬁr % ﬂ%Cbcog'f vlé" ltagd"((':&lo '% pmecﬁ‘g’v't\gf}’erel 5 agemant

with the valve seat (3. 0) by the. force

2. Apparatus (1.0) according to claim 1, wherein the valve means (4.0) is slidably
‘mounted to the breech assembly (2.0) and the firing mechanism (5.0) is slidably

mounted to the valve means (4.0).

3. Apparatus (1.0) according to claim 1 or 2, further comprising a blower adapted to
suck air from the bore during loading of the projectile.

4, Apparatus (1.0) according to claim 1, 2 or 3 wherein the valve means (4.0)
comprises a valve body (4.1) and a valve seat (3.0), the valve body (4.0) being
movable into and out of engagement with the valve seat (3.0) in order to close and
open the valve means (4.0).

5. Apparatus (1.0) according to claim 4 wherein the breech assembly (2.0) includes
an air vent (9) through which air from the bore can be expelled to an external

environment when the valve means (4.0) is open.

6. Apparatus (1.0) according to claim 4 or 5 wherein the arrangement is such that the
valve body (4.1) is moved into engagement with the valve seat (3.0) by the force
of the projectile coming into contact with the firing mechanism (5.0).



of the projectile comng into contact wwth the firing mechanism (5.0). WO
01/ 02790 PCT/ SG9/00065 -21 7. Apparatus (1.0) according to claim4, 5 or
6, wherein the firing mechanism (5.0) is novable relative to the valve
body (4. 1) between first and second positions, and wherein the apparatus
further cogploi§8sa bi asing nmeans (5.4) for biasing the fagrisweesveshani sm
(5.0) towards the first position. 8. Apparatus (1.0) according to claim?7,
wherein when the valve neans (4.0) and the firing nmechanism (5.0) are in
the first relative position, the firiog.rechanism (5 0) is capable of
initiating firing of the projectile, and when the valve neans (4.0) and
the firing nechanism (5.0) are in the second relative position, the firing

mechanism ks in abl i ni.tiati firing of the projectile 9. par at us
(1.0) accolr7'di ng‘g‘?"@“?isz?-m FeAmedp ﬁ{.;g? ﬁes\Pél%véVhﬁ@é{h@e(ﬁ!%ﬂé)me&hﬂu%@%i ring
mechani sm (5. 0)is messbldeelation @dhd vaba tolhe (4. i ¥ setwéed | fRéti @ sBedRd pbdifors Oarghe
second relativ Lt efore the valve nmeans (4.0)_ can be noved from
the cl osed pos‘lﬁﬁ?%ﬁh{egg éhﬁatezuso@%ﬁerﬁglgwﬁc%ﬁg'% rﬁs'dfé’r biasipe thediring (4. 0)

i s noved from tmechanige (5 Op&iwardsrthé first pesiidnosed position, the val ve neans

(4.0) and the firing nmechanism (5.0) are noved fromthe second relative
position to the first relative position by the force of the biasing neans

(5.4). 10. 8AppaAparatus((LODccording taltitigh 7, Gvtietedi Wheh the velve %ea%s%tdy‘iﬁ%ﬁﬁnpr i sing

i in the second

a retaining means for retaining the firing mechanism (5.0) t
posi tion agai n:ﬁ"qgh@e‘fh&?‘é’ga(éﬂ agh‘@ thy IA%‘F Ff'éaq’ﬁéd’ﬁ%m?‘?).th? firipg, meehgpismeBai ni ng
t he val ve body ®4s cab)bléﬂfiﬂﬂﬁﬁﬁ@ﬂﬁﬁ%oﬂh&*prqjéd&%,\éﬂ&%cﬁﬁétva(vén@a @th :
iring
t

arrangenment bein it:"ﬁth'that V\/r\en({t5 ? retai ning nmeans, retains the
mechani sm (5. 0)2 P nHE HE Mg REHANISE G fe 1n the segpnsoralativg position,) the diringpyabl e

rel ative to themechhniem semtaphBle OF iniddiitlg \MHRB of A préfedilei Ng Means retains the
val ve body (4. 1) in engagenent with the valve seat (3.0), the firing
mechani sm

9. Apparatus (1.0) according to claim 8 wherein: the valve means (4.0) and the firing
mechanism (5.0) must be moved from the first relative position to the second
relative position before the valve means (4.0) can be moved from the closed
position to the open position; and when the valve means (4.0) is moved from the
open position to the closed position, the valve means (4.0) and the firing
mechanism (5.0) are moved from the second relative position to the first relative

position by the force of the biasing means (5.4).

10.  Apparatus (1.0) according to claim 7, 8 or 9, further comprising a retaining means
for retaining the firing mechanism (5.0) in the second position against the force of
the biasing means (5.4), and for retaining the valve body (4.1) in engagement with
the valve seat (3.0), the arrangement being such that when the retaining means
retains the firing mechanism (5.0) in the second position, the valve body (4.1) is
movable relative to the valve seat (3.0), and when the retaining means retains the
valve body (4.1) in engagement with the valve seat (3.0), the firing mechanism
(5.0) is movable relative to the valve body (4.1) against the force of the biasing
means (5.4).



(5. 0) is novable relative to the valve body (4. 1) against the force of
the biasing means (5.4). WO 01/02790 PCT/ S399/00065 -22 11. Apparatus
(1.0) according to claim 10, wherein the retaining neans conprises a _
retaining menber (6),"a first recess (11) provided in the firing mechani sm
(5.0), aweehedey ecess (12) provided in the breech portipemsGdosibesand an
aperture provided in the valve body (4. 1) the retaining menber (6) being
di sposed in the valve body aperture and in one or the other of the first
and second recesses (11, 12), the ar2zngenent being such that: when the
firing mechani sm (5.0) and the valve body (4. 1) are in the first relative
position, the valve body aperture is aligned wwth the second recess (12)

I nj 1s. di d jn the valve bod aperture and
fhe second't ecsnarfRII skiad S RV T, whiseihndi inins posmsycomptisesine val ve
body (4. 1) arretaining membard6nch firsd atés)vellpgsdvﬁdeﬂnn tﬂmiﬂga{hgﬁha%g?X%_gggeirtsure is

| dwtht L, r L. a the retaining ne
di sposed 1 n t h’gﬁ%“{/“g|'€°ré“st§§§§’§§vﬁée°rdt% i porEoR (b sniascapgriyre providey
Appar at us (1. OR thgcvalye dpdyg(4t 10 thel mﬁamri]ﬁg]mcmlsmge) my@sp&%wgé ngﬁ‘t,pgwt é, g 1)
| I on, \Y;
firing meonant Begie ot Morick bl osd of kS B eierdionire Glr 2. Pecoss (11)
to be brought drangemght byingsnch thatt twhert the mmgm(cg?mgm @ggg)rgﬂdrtfﬁ? gdrjnq:t %dggszgg(r)lgd
12), Lning. menber can nove | 1
;ggg:: E 12) ) i n(tg'g) H‘}ghfﬂl&e?@rts{ &éa?igggo%ﬂ% rﬁ%p@ﬁ"eﬂ‘?gy a G SAligaed with thef orce to
nove t he val veetandyrededs ()2) and tinf rewgﬁgmmd'erf (rmgtib tdﬁg&g? glggﬁe‘{a%o%toﬁgsbg)eh
e eby N Yl TR oo S e Gsn s b oo e
val ve body (4 vb)ve tmdgl (81} ateainvibe S&zohd (elatf¥: pakiflon,thé REVOBEY BRFLL 9N,
moverent of t %gﬁ’eﬁlvbﬁ tgcoﬁlr\ét ée'ss 8‘ )11 ) and the retaining member (6) is disposed in the

valve body aperture and the first recess {11).

12.  Apparatus (1.0) according to claim 11, wherein when the valve body (4 1) and the
valve seat (3.0) are in the closed position, movement of the firing mechanism (5.0)
to the second position causes the first recess (11) to be brought into alignment with
the valve body aperture and the second recess ( 12), so that the retaining member
(6) can move from the second recess (12) into the first recess (11) upon the
application of a force to move the valve body (4.1) out of engagement with the
valve seat (3.0), whereby the valve means (4.0) can be moved from the closed to
the open position.

13, Apparatus (1.0) according to claim 11 or 12, wherein when the valve body (4 1)
and the valve seat (3.0) are in the open position, movement of the valve body (4.1)
into engagement with the valve seat (3.0) causes the second recess (12) to be
brought into alignment with the valve body aperture and the first recess (11), so
that the retaining member (6) moves from the first recess (11) into the second
recess (12) upon the application of the force of the biasing means (5 4). whereby
the valve means (4.0) and the firing mechanism (5.0) move to thc. first relative
position under the force of the biasing means (5.4).



I nto engagenent with the valve seat (3.0) causes the second recess (12) to
be brought into alignnent with the valve body aperture and the first
recess (11), so that the retaining nmenber (6) noves fromthe first recess
(11) into the second recess (12) upon the application of the force of the
bi asi ng MRpHe/d2Ded) . Whereby the valve neans (4.0) and tplag/sGodrec0ss
mechani sm (5.0) nove to the first relative position under the force of the
bi asi ng nmeans (5.4). WD 01/02790 PCT/ SG9/ 00065 -23 14. Apparatus (1.0)
according to claim1l, 12 or 13 wherepp-the retaining nenber (6) 1is
substantially spherical. 15. Apparatus (1.0) according to any one of clains
11 to 14 ifter eiApparsms @.Quaccotdingto claimh 15,21 200rr Kt Wheein ghd RAdRERS meberd6y anged

about the firi FRGhaN .5.0). 16. Apparatus (1.0) according to any one
of clainms 4 toﬁl , w%‘ril}l,e?ﬂnpe{lgaé' firing mnechanism (5.0) conprises a firing

pin (5.5) nounted on a support shaft (5. 1), the firing pin (5.5) and the

support shaft AN vahle relative to the val ve hody 4. 1), and
the firi ngghechgﬂ?réaﬁ? ?ﬁb) %f h“FBﬂé‘Py QBh L Flaims Ut ddsrherein thers) are ithreq|
secured to theolsiid ety methberd (6) astangebyboubite firlnig tgecRArisnt ?@) and the
support shaft (5. 1) are novable relative to the housing (4.2), the
housing (4.2) having an aperture through which the firing pin (5.5) can
move in orlfer Appaayadée.0) haecorgingjteciny | ohe df7claifBPA@t1SS wharefh tRCHgELI Ng to

claim 16, when on. any. one. o lains, 11 to 15, wherein the
first recess (E%m.ﬁg’qg?-gb‘?j"g@&'sﬁsﬁ fring pé‘h{?pﬁr“_?"ugﬁ‘éf’{‘ as8pport shaft (3-Ab the i 1 i ng
mec h?m sm (5. Ofiringlflin (ﬂﬁpmahwfxméoth Dt Q&L)Qiediggﬂov%ﬁlg FMive ﬂ?th@{v?]ﬁé Bodp 4bt o
, further co | S| ap. actyatin ns, adapt e 0 nove e _val've body
(4.1) out of n@agaéarg‘h"t H'{}\ﬁ‘gt et ‘Smaéira%“’é@étc°'(ﬂsf.liff 2 housing (4.2) fixedly
secured to the valve body (4.1), whereby the firing pin (5.5) and the support shaft
(5.1) are movable relative to the housing (4.2), the housing (4.2) having an

aperture through which the firing pin (5.5) can move in order to engage the

projectile.

17.  Apparatus (1.0) according to claim 16, when dependent upon any one of claims 11

to 15, wherein the first recess (11) is provided in the support shaft (5.1) of the
firing mechanism (5.0).

18.  Apparatus (1.0) according to any one of claims 4 to 17, further comprising an
actuating means adapted to move the valve body (4.1 ) out of engagement with the
valve seat (3.0).

19.  Apparatus (1.0) according to claim 18, wherein the actuating means is further
adapted to move the valve means (4.0) and the firing mechanism (5.0) from the

first relative position to the second relative position.

20.  Apparatus ( 1. 0) according to claim 19, wherein the actuating means comprises
a support (4.3) secured to the valve body (4.1), and a lever (4.5) secured to the
firing mechanism (5.0) and pivotally mounted to the support (4.3), whereby pivotal
movement of the lever (4.5) about the support (4.3) causes the relative movement
between the valve body (4.1) and the firing mechanism (5.0).



19. Apparatus (1.0) according to claim18, wherein the actuating neans is
further adapted to nove the valve neans (4.0) and the firing nmechanism
(5.0) fromthe first relative position to the second relative position.
20. Apparatus ( 1. 0) according to claim19, wherein the actuating neans

conprises waopbpwrt (4.3) secured to the valve body (4. gbiysc9desss | ever
(4.5) secured to the firing nmechanism (5.0) and pivotally nmounted to the

support (4.3), whereby pivotal novenent of the |lever (4.5) about the
support (4.3) causes the relative nowedent between the valve body (4. 1)
and. the firing nmechanism (5. 0). WD 01/02790 PCT/ S&9/ 00065 -24 21.
Appar at us X1. OY\PR¥aWS 41 Q) a¢cording, toany @k of |ckaims 440 20, MereitiE @hRe kb val ve

seat (3.0) 'S(SJOPi‘é'p?cﬁr‘i"de@rbntﬂ@b\%E%g&gefQﬁ Al y (2 0) 22, Apparatus (1.0)

according to any one of clains kin the val ve seat (3.0)
includes an el astoneric seal body (3-1) which is engaged by the valve body

4. 1) when th | _ 1 th | bod
(3 1) “barng 28‘3%‘%‘?“?8?2%3@;9& sork D clfiny 4 06 27 BBl BRsbtieat ()

upon firing of G enchpﬁe@)ja@eltaswr@emzseal Pslya(B ) menichlis @hgaged: by chengmq,og,t aim 22,
wherein the vaie shal uede @wn%gg? TR ﬁ,ggdeﬁ,é{“%#' od phap a8 (2. %)

adapted to retain the seal enga (8).
24. Apparat us beinp3dagied o énahggatmst amymptr Bu:facb ofjthe baxreh (8 Udn"ringCeM@OSi NY
cooling neanspgfagied to cool the barrel (8) after firing of the
projectile. 25. paratus (1.0) according to claim 24, wherein the cooling
neans i s adapted to deliver cooling gas and/or coollng liquid to the bore.

26, Aopargus wplafqres didube 'kl 20, 4D densndent, upgn any one of

clains 4 erelntecollngrre sand/or
cool i ng |i qui dcomprises a retaining member (2.3) adapted to retain the seal body (3 1) in

engagement with the barrel (8).

24.  Apparaws (1.0) according to any preceding claim, further composing cooling
means adapted to cool the barrel (8) after firing of the projectile.

25. Apparatus (1.0) according to claim 24, wherein the cooling means is adapted to

deliver cooling gas and/or cooling liquid to the bore.

26.  Apparatus (1.0) according to claim 25, when dependent upon any one of claims 4
to 21, wherein the cooling means delivers said cooling gas and/or cooling liquid
when the valve means is in the open position, said cooling gas and/or liquid being
delivered to the bore through the gap between the valve body (4.1) and the valve
seat (3.0).

27.  Apparatus (1.0) according to claim 26 wherein the cooling means includes a
cooling gas inlet (9) in the breech assembly (2.0) through which the cooling gas
can be pumped into the bore when the valve means (4.0) is open,

28.  Apparatus (1.0) according to claim 26 or 27, wherein the cooling gas inlets (9) are
arranged at an angle of between 40° and 60° to the longitudinal axis of the bore
and tangential to the inner surface of the bore.



when the valve neans is in the open position, said cooling gas and/or
liquid being delivered to the bore through the gap between the val ve body
(4. 1) and the valve seat (3.0). 27. Apparatus (1.0) according to claim26
wherein the cooling neans includes a cooling gas inlet (9) in the breech
assenbly (Jdbinkfepough which the cooling gas can be punpggridcdsmedsse bore
when the valve neans (4.0) is open. 28. Apparatus (1.0) according to claim
26 or 27, wherein the cooling gas inlets (9) are arranged at an angle of
between 40 * and 60 * to the |ongitudi ndb-axis of the bore and tangenti al
to the innergsurfgce . Of }he bore. WO 01/02790 PCT/ S&9/00065 -25 29.
Appar at us (f 0) acBRATPH ! O acqoxding o7 clgim 28 axhizsh witerp depaddnt wpe claindism 5,
wher ein the cool whgeidithie doolit aif Blet (S5 i SR inl _vent and the
cooling gas is air. 30. Apu%tar at tfétg?ftg§saccor‘§|§ﬁféh't%5ta(lg§1§“‘§ﬂ8cé‘ﬁknélgéfms 26
to 29, wherein tRéooling gas is punped into the bore by a high-pressure
bl ower. 31. Apparatus (1.0) according to any one of clainms 26 to 30,
wherein the cooling means includes a cooling liquid inlet in the breech
assenbly (2.0) through which <cooling Iiquid can be punped into the bore

when the vabBoe nBRpgasanisA1 Q) ad dRRER- r atus .0) according to any
one of clainms 26, t?%hs??‘ls« w?]gércgf n eacaﬁygc%g%ﬁ?ﬁg]%l#cfﬁi(zé’ ?"}]Fg{“ tﬁ%"%ﬂ“P&ﬁ&‘ed so
that it alternatSPuPedhinko tsdoraby @ highipngseure bywern the breech assenbly
(2.0). 33. Apparatus (1.0) according to any one of clainms 26 to 31, wherein
the cooling_,gas .is injected first to forma cyclonic airflow foll owed by

i nj ecting tHR& cobPRaseius (L) accordiug toanyi orienaf chyimar2atto 30( wh@deir D cBoliygapon

adapted to fire pefkesdidees codl Eeh Fre@ln LGty RE of Bk Sipad @

barrel (8) having a bore thg?el 1“@%@%}?‘,‘?}8%’5 ?Séi%tgy?fo) &%gh th%
Cooling liquid can be pumped into the bore when the valve means (4.0) is open.

32.  Apparatus (1.0) according to any one of claims 26 to 31, wherein each cooling
liquid inlet is arranged so that it alternates with a cooling gas inlet (9) in the breech
assembly (2.0).

33.  Apparatus (1.0) according to any one of claims 26 to 31, wherein the cooling gas

is injected first to form a cyclonic airflow followed by injecting the cooling liquid.

34. A firing apparatus (1.0) for a weapon adapted to fire projectiles, the weapon being
of the type comprising a barrel (8) having a bore therein, the firing apparatus
composing: a breech assembly (2.0) adapted to be secured to the barrel 8); a
firing mechanism (5.0) adapted to initiate firing of the projectile from the bore;
and a cooling means adapted to deliver cooling gas and/or cooling liquid to the
bore after firing of the projectile.

35.  Apparatus (1.0) according to claim 34, wherein the cooling means includes a
cooling gas inlet (9) in the breech assembly (2.0) through which cooling gas can

be pumped into the bore when the valve means (4.0) is open.

36.  Apparatus (1.0) according to claim 30 or 31, wherein the cooling means includes

a cooling liquid inlet in the breech assembly (2.0) through which cooling liquid can



conposing: a breech assenbly (2.0) adapted to be secured to the barrel (8);
a firing nmechanism (5.0) adapted to initiate firing of the projectile from
the bore; and a cooling nmeans adapted to deliver cooling gas and/or
cooling liquid to the bore after firing of the projectile. 35. Apparatus
(1.0) accowdigigaso@ cl ai m 34, wherein the cooling nmeans i ngdyysdRswdes cool i ng
gas inlet (9) in the breech assenbly (2.0) through which cooling gas can
be punped into the bore when the valve nmeans (4.0) is open. 36. Apparatus
(1.0) according to claim30 or 31, wheggein the cooling neans includes a
cooling liquid inlet in the breech assenbly (2.0) through which cooling
liquid can WO (t/m0@pedinROEEREY OR6the valé meenshUeopelif © t he bore when the
val ve neans (4.0) is open. 37. Apparatus (1.0) according to any one of
claims 25 to 36, wherein the cooling mneans is utilised to inject a jet of

gas and/ or31.i qLAptatamseédpml acaorﬂingftbraﬁyl ORE Of Rtrhd 25 td B@”%vhé}ﬁntlﬂé @odﬂﬁg” the
val ve neans (41'9‘:) on conprising a barr el (8) havVing a

bore therein for “ﬁ@s"g‘ tBr‘Wf'@(ﬁJieT 833 apd/on liqyid f%amsbbavsétrwspremcm;
according to aﬁympﬂedmdiwgmcmawmw@hﬁmudﬁd»Qﬁqkhe barrel (8) at one end
thereof. 39. A weapon according to claim38, conprising an artillery gun.
40. A weapon according to claim 38, conprising a nortar gun.

38. A weapon comprising a barrel (8) having a bore therein for firing a projectile, and

a firing apparatus (1.0) according to any preceding claim provided on the barrel
(8) at one end thereof.

39. A weapon according to claim 38, comprising an artillery gun.

40. A weapon according to claim 38, comprising a mortar gun.



