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This invention relates to an artillery firing systemfeaturing a nechanism
whi ch e the firing systemto attain a high and pro of
fire, WR?CEJ"Z&B% lt-in cooling system in order to sustai ni)ﬁﬁ/g%rggéé@%%f fire.
The invention is particularly suitable for use in a nortar system Prior
Art/Problens The traditional and sinplest way of firing a nortar is by way
of muzzle loading a nortar bonb. However, such nethod is unsatisfactory if
a high firing rate is required. For instance, a typical single barrel with
automatic nuzzle | oading system Turret Moirtar Under Arnour System (see
S/SN1in Table A), can only achieve a rate of firing of about 12 rounds
per minute. This occurs because when | oading the nortar bonb fromthe
nmuzzle into the nortar ARIHLLERY FIRIN( MISM, pet ween the nortar bonmb
and the barrel inside the nortar nechanism As a result, the tinme taken

for the nortar bomb to travel inside the barrel wll be about 3 to 5
seconddngvdutctiers wi || 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
conventTiaf alvefiod Allatéy ol &Bredlesy fsing QY st@wSfeatbring ReméshdaRfeRhivhehatlesSy st em
(see S/IN 2 in Table A) which has twn barrels wth an automatic breech
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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.



-2 2. The Multiple Mortar System (see S/IN 3 in Table A) which has four
barrels and uses an automatic nuzzle | oading system has achieved a rate

of firi rounds in 20 seconds but with extra prep i joe. The
SHailade PEfne

wei ght of the whole systemis substantially increase

vehicle for carrying the systemw ||l be constrained by the weight and -
subsequently, will degrade its manoeuverability and mobility. 3. The 82 mm
AM 2B9 Vasil ek Automatic Mortar (see”S/IN 4 in Table A) has an autonatic
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wi Il have no difference conparéd with other nortar systens. WO 01/02790
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Firing and Bﬁr r?egi. stem Rounds/ m nute Manufacture 1 Turret Mrtar Single

Mizzl e 12 Stem Loadi ng 2 Advanced Twin Breech 14 Mortar System
Loading 3 Multiple Four Miuzzle 12 rounds in 20

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.
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Another problem faced by conventional ways of firing is that, for each round of firing,

the barrel 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,



high rate of fire. Summary of the invention The present invention involves
the incorporation of a valve assenbly, preferably |ocated towards the rear

of the r he val ve assenbly allows the air trapped igesisteolodbssbarr el
to be esgéwﬁéamgut of the barrel when the bonb is descendﬂ%?é%%o t he

barrel to decrease the travelling tinme. It also allows the systemto-
function in a dirty or dusty environngnt and under high tenperatures and
pressures. Additionally, a cooling systemassociated with the firing

system B&fﬁ\éhﬁﬁ? thb18 ForRiofthid! SnaRwilfreRlitaYy redtickaht fo %me fieRRd
i ntroduced 1nto the barrel to cool the barrel. Further, tHe valve assenbly

al so pemgeraase thejrate offficgi r or any ot her suitable propellant gas to be
forced into the barrel to dislodge or expel any msfired bonb | odged in
the barrel. According to one aspect of the invention there is provided a

firing apgeasmi dbectios ofthepedsen invkeadt Bdo tpeovide £ s¢lf-e¢adiag ivabBe, schth@sabipon
being of the type conposing a barrel having a hore therein, the firing

appar at W0y Viihsipd 2 dishet AUty SEWEPYME A9 dugh srasaireeant BINRCEAIFE
barrel, gag:idtéd Wm%%%ﬁﬁﬂ%@%ﬁﬁmtts%g elthd bifBltRehidsS Iof hePbarbd sl fbrfd. | |
fromth and a vafv I

ore; neans adapted to allow air wthin the bore,
between the projectile and the firing mnmechanism to be expelled fromthe

bore dur,i oadi ng of .the proj.ectile through.the bgre. 1t is ef erred
that thé @%‘{/83%3‘%3 Of Q‘esPﬁeg%{‘g|1§}V%lﬁﬂtlég°thg¥lﬂ8 HFQAWE HSETHI Qpcgeﬁamt hat
the firbRGeiBES &R tefTrbom rehdndBive BRYel Pénpératuie while Raifilaihsy a\EFfectve2790
PCT/ S&9/ 00065 -5 In the preferred enbodi nent, the val ve neans conprises a

val ve bdbigh midoffiteal ve seat, the valve body being novable into and out of
engagenment with the valve seat in order to close and open the val ve neans.
The val ve body is preferably slidably disposed wwthin the breech assenbly,
and t he Sunihay ofethednvaitiors preferably slidably di sposed within the valve
body.

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.



It is preferred that a suction blower is provided to suck air fromthe bore
during loading of the projectile. This helps to further reduce the | oading
time of vﬁel/ ecti | e. The breech assenbly desirably incpogssownooss r vent
t hr ough a| r fromthe bore can be expelled to an external environnent
when the valve neans is open. The air vent is arranged so that it is in
fluid conmunication with the bore wheg the valve neans is in the open
position. It will be appreciated that nore than one air vent may be
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and that the apparatus further conprises a biasing neans for biasing the
firing hani smtowards the first position. The biasing nmeans nay be a
spring, such as a conpression spring. Wien the valve nmeans and the firing
mechanismare in the first relative position, the firing rrechanlsmls
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for retaining the firing

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



mechani smin the second position against the force of the biasing neans and
for retaining the valve body in engagenent with the val ve seat. The
arrangenent is_such that when the retaining neans retain ol h 30
mechani s W%HE second position, the valve body is nnvagliéeﬂg%sfs’édtb?d\%e to

t he val ve seat; and when the retaining nmeans retains the valve body in
engagenent with the valve seat, the firing nechanismis novable relative to
the val ve body. The retaining nmeans 'ﬁr‘eferabl y conprises a retaining
menber, .a first reces rovided in the spring nmechanism _ a second recess
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being such that when 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.



-7 1t is preferred that retaining nenber is substantially spherical, and
nost preferably, there are three of said retaining nenbers arranged about

the firi nism The firing nmechani sm preferably co IR LR
pin muﬁ?‘ga{}@ﬁg‘g support shaft, the firing pin and the g&%portwg%d;?t bei ng

novabl e relative to the valve body. The firing nmechanism preferably
further conprises a housing, fixedly secured to the valve body, whereby

the firing pin and the support shaft @are novable relative to the housing,

t he hopsi ng.havi n_aperture through which the firing pin can nove in
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val ve ngangred shidGrefaidihg) therdBRE PN 3b6ut the Mgl hb&Hanfshi. at i ve position,

the firing pin is disposed in the housing aperture and nmay be struck by
the projectile, thereby initiating firing thereof, and when the valve
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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.



an inner surface of the barrel upon firing of the projectile. The val ve
seat may further conprise a retaining nenber adapted to retain the sea
body in nt with the barrel. WO 01/02790 PCT/ SG9/Y0&% In an
advantadggﬁgggﬁgodinent of the invention, the apparatus furthergggﬁgrises
cooling mneans adapted to cool the barrel during and/or after firing of the
projectile. The cooling neans may be_adapted to deliver cooling gas and/or
cooling liquid to the bore. The coor§hg gas woul d usually be air

(typicall mospheric ai.r), and the cooling liquid would wusually be
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breech s@tsenbly through which cooling liquid can be punped into the bore
when the valve neans is open. It is preferred that the cooling gas inlet
and/or the cooling liquid inlet are arranged at an angle to the

| ongi t ulti o engbodineit, thé €odlE nedié GRILUSs 4 Bodliy gARNARL fDtheltRe®f assenflyl Whi ch
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sur f ac e thpughyghighy poling as,fan be EPsd e dheabase usinge highy pressheenblower #dori ng gas

inlet apfy 9five 3tan89s | dpBh! Fht Woblind™4s fet 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



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

i nj ecte i o forma cyclonic airflow followed by inj eetidtDonhdis
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I nvention should now be clear WD 01/02790 PCT/ SG9/00065 -9 fromthe
foregoing. Prior to | oading of the prgj ectile, the valve neans is retained

in the closed position by the retainrng nmeans, and the firing mechani sm
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the firelbsedelositibly By [eSretairdily in@arish énd 8R0MGng Rledidnyeh RAS el Wilve megRIfst the
force of the biasing neans. This may be done by a human operator, or the
processihis e relptiypposigon b actHatingameansnis hesi wsed to meoviei the ivglvauudaasi sm ar e
in the | frat RVA-¥ It an, ¢ Wl rmts..the val ve
body toaﬁrgngrz f}rg ai?xfe{:/ﬁeﬁ?us{ﬂg?ﬂ[o eﬁ@aﬁu%g&sk{etgieaqogh%gé%§CC§§¥V§§§th‘§a%°§?tl%i l e the
val ve nagaisstitee force be thepkinsipg sudanonThis ey beetonenbyng Huamnsopsrdtdr, @tth@er m t
any rel ative rmsllrz)mantt betcneg,rﬂftzhe val ve neans %nd .the firing mechani sm
Wien t hBFQFETSBanD5 A qmadet ey IER eolﬁf’gﬁe Btsans aghthe fire,meehanisgt gigyin the | oaded
into t heirQeativepeNiidh, the réthiatlgemeinst ity Patif! the Afivk HodP 10 nfel tefatigk OPS
towards the firing nechanism the air trapped in the bore can be expelled
t hr oughto the valve seag i open the Nalvpmesass Whilewhd yalvevmeans isdn s openapusitionf t he
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cl ose t the firimgunechiition. Wienvat velveemass réachésOme dpél BodiGbii A1profeciiRomay _
permts_the bjasi means to force the val ve nmeans and the firing mechani sm

back i nP%03efeinq he boreeeueh dhg surele o thenparel Kissh aEgpestide drops 9Wang pin
pr o] eot Lo Erar ey T T St agrrd 1 A6 tafe Bl Bt e R Ty ot
pr opel | thetbreach assethbiy, With thegassistanéreofpthejpactp. | Fhd prdjetsilaipveatyaily Ssipacs

the firing mechanism 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



wi thin the bore which presses the val ve body agai nst the val ve seat and
presses the valve seat against the breech assenbly; in order to prevent

| eakage h ases through the air vent. The cycle is thgi ed.
Furtherﬁgég}Bgﬂgn the val ve neans i s opened the cooling neané‘%?mggﬁivated
to deliver cooling gas and/or cooling liquid to the bore. Furthernore, the
bl ower may be utilised to inject a jﬁé of gas and/or liquid to expel a
msfired projectile fromthe bore whéh*the valve neans is open. According

to anot f the invention, there.is provided a firing appar.atus
for a V\%?%ﬁ ’32‘%‘5}6‘@& /fgf;é’é?lﬁﬁtgé% the l%eaRB’éﬁ’SH‘ggﬂng}eeﬁ'pF ¢FOfIPrigt r‘bjgglﬁ?li | es,
the weapavinpei bige dhertin the/Afing @ppurates B6mPrifiag ! &/bredd \kiehtly B@Ipted! 3e8eLi N,

the firing apparatus conprising: a breech assenbly adapted to be secured
to the B8 to the parely H@%&WP@W%&%@M tooinitifte fising of jthe prejestile; frem
proj ect ithepdrk OMd 4 & gnggg [ Pgﬁﬂf d el.l ver cooling
gas and/ or crool I ng; ﬂ‘?g% to ?ﬁ%‘%&ggﬁ‘;e}gg ter ?sr%%&g?éoﬁﬂg iﬁ udj‘d:é% I'1e. The
firing dpparbticusiriag odritie pgojeaiile.nThe fising cdppafatisheccording nd itlds asgeyt bheleude any
conbi nat.ion,.of the fegqtures of.the firing apparatus, according to the first
aspect dRVEHan ir?ﬂye’ﬂﬂuaﬁ .anﬁg%‘}’maﬂ%“ f’t %@m@% ‘gas'%%%crm@fappﬂ’é‘tqsrﬂ%?ﬂj%n t here
IS provitgerk frspasHeenoCenhventiof, @ barrel having a bore therein for firing
a projectile, and a firing apparatus as descri bed above provided on the
barrel at one end thereof. The firing apparatus may be secured to the
bar el Aol SRS lpebl 5 B hheng B SHERIE o B, ASRRBRy BipAReR | Y
dr awi ngshasted\Wavingreborer thbreire fdrfinnea rdiectileemid offirinyeap { asOfiescribe@ur € 1
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is a side view of a breech assenbly having an, opened val ve according to a
preferr @gxom(gmdﬁ% QR the barmkel 3t ope ﬁpg Shereof. q‘he ﬁrin% apparatus may be secured t%

the barrel or may be integral therewith.

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 2 is a side view of a breech assenbly having a cl osed valve. Figure
3 is a cross-sectional view of a valve seat assenbly. Figure 4 is an

enl arge i the part of the breech assenbly contai ni e seat
assenbl ;j‘”bli’?)gﬁ?g 5is a side view of the breech assenbly srlﬁ:olf/m%gy@ﬁéé air
and water inlet holes of the cooling system WD 01/02790 PCT/ SG9/ 00065
-11 Figure 6 is a cross-sectional vi e\/){ of the breech assenbly taken at
Section B-B of Figure 5. Figure 7 is dA i sometric view of the breech
assenbl y F gur - oFl: e.8 is.an isonetric view of a split ring found
Th the vipue 68 &ggséseeﬁ%ﬁg‘%i vigy aﬁms%ref@ asserpbly JakanatSspuion Bri2af Figuze spl i t
ring fouhd in the valve seat assenbly. Description of the Invention
I[l'lustrated with a Preferred Enbodi nent The firing cycle Figures 1 and 2
show one preferred enbodi nent of the invention, nanely a nortar system
assenbl yf; 1M i L ively.stationary as conpared
to the fflr%fiﬁleg) 1%‘%]{%3@55%{55&(%@%3Wgéueﬁﬂﬁgs%ﬁ@ﬁfir:}gﬁéé’gr ocess. The nortar
system (1.0) has a lever (4.5) at the rear end, and a breech assenbly
(2.0) that hojds_a.val ve assenbl 4,0). A firing pin assenbly (5.0) with
a spri ngﬁl@gr.%% 5 ?Iglsgglgmcegex{voor}?%é)lé5}115‘3{03% Hhiheyvalve ssat assemblypal s (6) are
adj acent to the firing pin assenbly (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)

| ocked i HigHES: Yiseh Crastrseclignaleview @f a(split ying faundhin the shive2est)asséhitdy e ar e i nner
and outer grooves (11 and 12) |ocated towards the rear end of the valve
body (4.1), whereby a pull on the lever (4.5), wIll result in a resilient
f or ce beDesgriptiohtofithe dnvdntipnsilustrgtedbwith OPrdfba-edliErhbediRieat assenbly (5. 0),
such that the firing pin assenbly (5.0) retracts until the inner groove
(11) is aligned

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).



with the balls (6). The balls (6) will be forced rearwards by the cocking
novenent, allow ng the valve body (4.1) to nove forward to an opened
positio [ ring pin assenbly (5.0) is coupled with 6) and
wil | re&%?gbﬁﬁgihis | ocked position. Upon releasing the Fggggﬁ%gﬁ%§, t he
retaining force of the valve body (4.1) generated by the spring (5.4) of
the firing pin assenbly (5.0) wll fqgfe the balls (6) to sit on the bush
(2.5). WD 01/02790 PCT/ S&9/00065 -12During | oading of a nortar bonb, the

| nbl 4.0 || ' dinth 1ed Siti when th
ror t ar - BUE a8 { g B b RARF avseently (+ff vl eBA lockaiboeal r t o
be suckegesudt pesiady when ithe n’mrﬁh'ﬂéhﬁﬁﬁuﬂiﬁveﬁlhrlfgf‘ﬁéwngitﬂt_eﬁar@ao&)fs aighRat are

connected through pipes to the air inlet holes (9) in order to reduce
| oadi ng Happad ailotodsouckedpusvardlydnydbe hightpsedsnre blowat pipes Kmairstiewn) théi areng per

m nut e. : 1S 1l onptact w th e firing.pin housing
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body (401 sécondsy aléowing abuer300roantef fieihgipei Rgndtor Oace e hedarbonith & inbal | s
is then pushed towards a closed position with the

6). Th | ve. 4.1).
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andthebglpr'ngﬂ%SA) Wi force the firing pin asse rd
whi ch wiballs (os The welve dbdys (4. B) is themvpaishedi towards lheclased @osionovith the balls (Pnce t he

| lv (4.0) is closed firi ' nbl 0) wi
o ver d 1 AVBIER i an opfes Hs- AP Re 7 5 Tl by .8 w1
resul t iAt thisv@kitiohAwe Valveg(d.OheilPbotlosed @iy e dphing f(514) ReilIfofte(the Ftingr om t he

firing piin housin &?.2) Wil in_turn strike the prinmer on the nortar bonb

causi ng Pt"héSSPmPIYné“- forwardywhish wilepushtheballs(6) gutveard|igioTthe opiee g5eave and
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wi | | be forward in full force. The momentum of the firing pin assembly (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.



propel l ant residues and alum numclips remaining in the barrel after firing
which are formed frominconplete burning of propellant charges. Figures 3
and 4 show a valve seat assenbly (3.0) adjacent to the val i ch
encorrpas‘ggg”g”?é body (3.1) as its main conponent, whi cﬁﬁéﬁ&%@“ﬁ
reinforced El astorrer-based material. A front split ring (3.2) is adjoined
to the barrel (8) as well as wth the val ve body (4.1). The front split
ring (3 2) and the back split ring ('ﬂ 3) are in contact with the barrel
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val ve bl@(d))su{g4(433) Thy biflg sﬁppdrﬂ@hat e agamst e %%§ PfRside bardié %Fbeéﬁ sidags bar r el
side acts on the valve assenbly (4.0) and the firing pin housing (4.2).
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(3.1) is conpressed and subsequently defornmed to seal off al the cont act
sur f acesomprassed arshiubsggnently defarmed 8o sopl pifratthe nentaetisntfgcaso 'Eira)fremt splihe seal

body (3 er.ature nd.t.0 prevent
e scafith i) EaaE eldy KERHRSL ¥ {ch Bocbegs, bOHRR i & Rl Whnihg
flexibl mpetrﬁufmgdimnd)fo pieléntrhé sétﬂ tmtigre(etteetr&ﬁ lﬁ:i@ éxtfude@] Jrhepsvatingl es
that may _be tra I n- between the sealing surfaces. This_ self-sealing
action Sirface being x1 l5ais preration will not be affected by small foreign particles that may
be trapped in-between the sealing surfaces. This self-sealing 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 system

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 frompenetrating the valve when the valve is in the
cl osed The cooling system Figures 5 (Side View n Vi ew
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on the breech piece (2.1). In Figures 1 and 2, the air inlet cover (2.2)
is secured onto the breech piece (2 by the lock-nut (2.7), and they form
an air inlet chanber and a water |nI T groove. The air inlets cover (2.2)
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arrangenment. Mbst he Water-m st will remain as droplets unti isin
the barsusface |96 he barrplodee &7 the centrifagal filmd bé theacyaenic siinflow . diTheawater  When
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The wat RIgce ’&r Ting pndyduring plling; effeqtively cook the batiet (Bt 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
duri ng Inddnieregbodinfent of the lipvental, shet ingectiam o€ khe(8) 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

st age ofwﬁra@,oygbi ng cycle and further, a mcroprocessor Ggar/dt90e6d to
control the solenoid valves to regulate volune and frequency of air and

noi sture to be injected. Exanple A below illustrates the cooling effect
achi eved by using the cooling systemql the present invention. Exanple A
Heat generated per Round fired Tenperature increase per round fired assuned

to be 3 C Hd gWarRhizhitsh Hehhet ag§m§4é Ealfie ggdﬁg Therefore, ~80kg x 3

C x 0.11 = 26,400 Cal ori es Anount wat er requir or conpletely renoving
the heat generated WO 01/ 02790 PCT/ SG9/ 00065 -15 Heat of Vaporization of
wat er at | at %érepgg Cal ories/gram Therefore, 26,400 Cal ories =540

Cal ori es/ gram- i 'gram (theoretical) Convection Heat Transfer Coefficient

5,000 -- 50,Q@,@omriesasmgelmﬁbggrmimsgx@ﬁp@ﬁe@wrcﬁndiffer ence) 1 kW=
239 Cal ori es/ second; Round-off to 240 Cal ori es/second Therefore 1,200 ---
12,000 Cal ori es/second Water Flow Estinmated The surface area of the Barrel

Bore: 4§ THEt Teansfor logetflcidey ™ | f the heat Transfer Co-efficient of
12, 000 Ca%ér[i%es/secon I's laccelf@(\:/lé e, 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: ¢ 0.12m x # x 2 m 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 x0.75 540Cal = 16.67gn sec
Cooling Cycle Tine and its Efficiency Tine taken to | oad the nortar bonb
and for ywb dif® -M,avel inside the barrel 0.8 sec Tine takerpdmsdIonedossr ecoi l
until the COO?I ng valve opens 0.1 sec Tine taken to dry the barrel 0.3 sec
Sub Total : 1.2 sec The total cycle - 1.2 sec will be the tinme avail able
for cooling the barrel. W 01/02790 P%I’/ S@9/ 00065 -16 Rate of Firing

Rds/mn 30 25 20 15 10 Cycle tinme sec'2 2.4 3 4 6 Cooling time sec 0.8
1.2 1. 8284 8—CooHng—EHjeclenrey32-000 Cal/sec 36% 550 820 127% 218%
6, 000 ChRatecef Higing Rdxmims 64p6 130% | ThaSBI ower2tand| i tiS si zi ngo The| bl ower
has one O g ouT T et anmgd—oe suctonm-porti— e prtetyHunetor of
bl owi ng é’ﬂmﬁntfrgeto ci%y moiktufe tp cdd the Barrfl,4dry thé barfel after
cool i ng : an theg.valve | s . [The;suctjo S US TQ repgve | he
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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 0-12m” x1 =0.0113m"

6.2m3/min
0.0113m %x60sec

Thus, the linear airflow velocity in the barrel will be =9.14m/sec

The time taken for the air to flow throughout the barrel

will be : m

—  =(0.22sec
9.14m/sec



which will
5n3/mn @0.24 bar wll
Cross-s

airflowq\g}

2m 0. 22sec

.th
Jisgs e
rel ease.
and r eadg/yst

tgslzyvgil%g or{o' teo 1

generate an Airflow of 5nB/mn @O0. 24 bar.
becone 6.2 nB/mn after depressurization.
é%g@,@aea of the barrel 0.12m 2 x-n =0.0113m 4

Y@y in the barrel be 6.2m 3/m n =9. 14 sec
2x60sec The tine taken for the air to flow throughout the barrel
9. 14m sec WD 01/02790 PCT/
is dry before |oading the next

will

round,'1

the 0.3 .sec shoul

399/ 00065

-17 To ensure the barrel
Towng of dry air for a m ninmum of
be included in the total

. 3,20 10 AR e Gy, BL2krd 5B B, Ao bl

tinme that

Funct i ormifiimemlofr(e3 Be¢ &t feqbired € Thedefdrie! 100 3t Rk tshodld be iRk
and ope

| oading wwthin 1.7 sec concurrently.

PR

)\
single pulling action o

$RO®Er t ar bonb into the barrel
The | oadi ng nmechani sm noves away,
for
em function and time line

The Airfl ow of

ik

R e 57

muzzle 0.3 0.3 and
recei ves the next nortar

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 Tinme taken for the nortar to travel inside the 0.8 0.5 barrel 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. JPC’I?S@;% S/'N 2,
bl owi ng ¥P %% ™Begins 1.0 0.1 9 Spraying of water begins 1 "1 10 Stop
the spraying of water 1.7 0.6 11 Stop the blowing of air 2.0 0.3 12
Firing cycle conpleted or repeat SIN.3 to 11 for O - continual firing The

i nvention described herein is suscept'i1l§re to variations, nodifications

and/ or a%gi tions. ..ot her .{Jan.thos& specifically described and it is to be
under st o84 SY AT BHENS, H\’/‘é‘h 1F251905 AR/ qH eddifipnowhish Aalh within Srospiniogsbscope 8 al |
such var pfahé absve deRgiptibs atail A ' %‘]‘%‘? | It e

spirit and scope ofipt he abtg%hgﬂgg(??‘igfg??(g'ﬁgb t %Sﬁmﬁg%@é&{%@%ﬂe@wf
embodi mefhove relatereto) aymerian ringreystemo ribel invaitioremay lalsbds: suitablerfor beher fyipes ng
system 5{;@%%99@{; may al so be suitable for other types of artillery
systens. 02790 "PCT/ S@9/ 00065 -19 PARTS LI ST W TH REFERENCE TO THE
DRAWNGS Part No. Name 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 Sez;t Assenbly 3.% geal
Body 3. lit Ring 3.3 Back Split Ring 3.4 Bac EP‘R’Q =3

I nngr ng‘ﬁ(gﬁg&%mfgck- Nut 4.0 Valve Assenbly 4.1 Valve Boggw_}.bg | _r?ng Pin
Housing 4.3 End Cap, Lever 4.4 Split Bush 4.5 Lever 4.6 Pivot Pin 5.0
Firing Pin Assenbly 5.1 Firing Pin Efg_ensi on 5.2 Spacer Rear 5.3 Spacer
Front 5.4 Spring 5.5 Firing Pin

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
5.2 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

conpri si rrel (8) having a bore therein, the firin ,ﬂp@

conposin ‘88§?’B?§§ch assenbly (2.0) adapted to be secured tgPo the @arrel (8),
a firing nmechanism (5.0) adapted to initiate firing of the projectile from
the bore, and a valve neans (4.0) ada @rgd to allowair within the bore,
between the projectile and the firing chanism (5.0), to be expelled from
t he boreCqu%g ng | oading of the projectile through the bore. 2. Apparatus
(1.0) according to claim11, wherein the valve neans (4.0) is slidably
nounted to the breech assenbly (2.0) and the firing nechanism (5.0) is

sl i dabl % m)uxlt ed to the v& ée means % 3. Apparatus (1.0) according to
claim 1 Jor ATmenhPaEasHs, aaP’[ﬂl‘i‘}\Réﬁ’ 15 preapon §f tha blpe omptisioga he

bore during Itﬁﬂgl hey { 0, r i

claimil1, 2 or vé:?grelnrl]é ?%gg}gu\égl Irtrﬁee:%rsmdg(%%ﬁ; saéé}n%?ésgn sg g?e\%glfags %gla'y (4.1)
and a val ve 5@&9 adapteg)to hekﬁecmadi\t@thmbme(h(SD)a ﬁﬂnglglechmuﬁhKﬂO)IQﬂiptéﬂ’ld) out of
engagenment W, seat 0 rder ose an p t he val ve
nmeans (4.0). '@Ra(kpr}ﬁm IyEle(pfojﬁﬁtglﬁcf{:%? 5O pa ﬁi PAV& it gi‘ QD Pﬁ@t@r ®ech
assenbly (2. Qllownail within thabodé, 'bewwetn tﬁ@)préj@étﬁé‘gﬂd‘fﬁk‘ ﬁﬂn?'rﬂecflixﬁiﬂx (5@ oore
can be expelled to an external environnment when the valve nmeans 4 0) is

open. 6. Appdf 2EFIPgled offoraé%baﬁer@lrm lepdingnof] ther projestiler throughtthe boneangerrent

is such that the valve body (4.1) is noved into engagenent with the val ve
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 vaive 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, V\hereﬁ,?%&? firing mechanism (5.0) is novable relati Vepélt?%éﬂ%(ﬂél ve

body (4 ®en first and second positions, and wherein e apparat us
further conprises a biasing neans (5 4) for biasing the firing mechanism
(5.0) towards the first position. gp aratus (1.0) according to claim7,
wherei n when the val ve neans (4.0) an firing mechanism (5.0) are in
the first relative position, the firing nechanisn1(5 0) is capable of
initiating firing of the projectile, and when the valve nmeans (4.0) and

the firing neapparassy(.6) ScoRfiy io\cihiessscRY x{rﬁérﬁh'd{@fm 'rﬁ.«}cﬂ%sﬁlh@ d)! ring

mechani smis incapable of initiating firing roje ratus
(1.0) accordi ignevable iglafivatoghe valve bOd}h@ wabamecreﬁm a(ldséx)ondr]nismbns fandl ng

Cecond rel ai g ot APrREE e Bilpifer o bEiok fuctha, 5908 hias R shS £8RE: o

the cl osed pomchinism (5.0} kevargethepfsi posion.and when t he val ve neans (4. 0)
is noved fromthe open position to the closed position, the valve neans
(4.0) and the firing nechanism (5.0) are noved fromthe second relative

t to t t
(5:4). 16, Apperaris (|17 BOKE o7 Qheplin MiEn GF 0 G LOPEIT TS

a retaining mb&ing m¢ct15\ﬂn1$@t(ét0)|alig in Hee fiist relativeepdsititns nhe ﬁnﬂg nnemhmhﬁns(econd

posi ti on agai ce. sin ans (5,4 for ret | ni ng
the val ve bodgﬂszfza 3%1??2 t t&’i&érﬁg Q/é"?ﬁ pr‘%ﬁ‘gq?/’a‘l“\pewggg he ‘@)meet‘ﬁ

arrangenment beadghs Uiringt fiethaskken (505 ak€tiRith RECoNB AR fative %o@itl'aﬁ ftﬁbeﬁi'lhé' ng
mechani sm (5.0) jin . the second position, the valve body .1) 1s novable

relative to t Rechanism ismsapaple Qf)lnltﬁlﬁ&g\ﬂi&g afithe peajeqtilé 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
bi asing neans (5.4). WO 01/02790 PCT/ S&9/ 00065 -22 11. Apparatus (1.0)

accordi im10, wherein the retaining nmeans conpri %%/&99;0?;@ ni ng
?g?fl’?/gﬁg@ 5

menber Irst recess (11) provided in the firing nechanism(5.0), a
second recess (12) provided in the breech portion (2.0) and an aperture
provided in the valve body (4.1) th etai ni ng menmber (6) being di sposed
in the valve body aperture and in orfféor the other of the first and second
recesses (11, 12), the arrangenent being such that: when the firing
mechani sm (5.0) and the valve body (4.1) are in the first relative

posi ti ohl. t hAppahme (bOYynceapdingUbeliim 20, WRGEinhE Retaldn ﬁﬁ&%&:ﬁﬂ%@éﬁ (12)
and the retaini.ng nenber %6) I.s disposed in the val v_e_goo y aperture and
the second rEARIEmMember QY 4, HEs regess flilr)ipﬁ@VIﬁ%bWaﬁhbsfmrl(gme%hagmm ¢h@), val ve
bod 4.1) aggec ; ' LELLon, ~tRe val ve bo aperture is
aIOi én((ad vm) t hﬁ '?er?gﬂc% i}ér&ggtss(?%gﬁgggﬁ?dl%ﬂlg%?%?%gbﬁg@ é?hq}naé‘&r?gn@gpu(%grogﬁe%i sposed
in the valvintbodgivapedyt 4B thmbvt\z;:hmgfrhemberlr(émgiag( ﬁ)seld)lgl. mﬁp?ﬁeq;og§l (1.0)
di to_claimi1l,. wherei n t val ve body an e valve
ceat (5.0) apEeriitiad i/ B Pstifriot hechiian seen e i, o <
5.0) to tharagemnss i Sublp tha AHE@SthE MRink e650)( ught
i(nt o) al i gnrrentra%ieth b{éﬁ% SvaI v_g body aper!tnfl%rrﬁeéégﬁ ltq%@sos)e%léntgg ?g@ﬁs‘}?&f 12),
so that the PeDaArsimgheiisheslativegrosition, e, ealve bodyt dperwec oraligned edth thd2) i nt o

he first | i Qn a f.orce.to nove the valve
Logy I(ElS 1) rgﬁ{c%g(fl Gé%%g%ﬁ?h@metrﬁa%g%ﬁ%ﬁ@e&5'(‘%986‘} ,mﬁfe?'%lﬁ?/ bod val ve
neans (4.0) smnutzeandubestconbracedse(12);amadviien thé figingAEChARSM! (500) and3he

t 1, [ to claim1l or 12, wherein when the valve body (4
25" and the valteEOELP e Shelsethnd beisciotise: theowaivembodsmanertnt i ho

val ve body (4lightd with the first recess ( 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 the first relative

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



into engagenment 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 that the retaining nenber (6) noves fro i recess
(11) in%&bﬁgﬁg%cond recess (12) upon the application OPPFEgSC{Qg[P%SOf t he
bi asing neans (5 4). whereby the valve neans (4.0) and the firing
mechani sm (5.0) nove to the first relgtive position under the force of the
bi asi ng means (5.4). WO 01/02790 PCTr 9/ 00065 -23 14. Apparatus (1.0)
accordi toclaimi11,.12 or. 13 erejn the retaining nmenber (6) 1is

subst an{1 igal I fxpgﬁ'ﬁg*’sl](iﬂ ac 5‘.{1“%&?13‘( ﬁis 12101013 whersinythegretaining, yesther ¢6) cl ai ns
11 to 14 whengepubstdnfisiley sgheritdlr ee of said retaining menbers (6) arranged
about the firing mechanism (5.0). 16. Apparatus (1.0) according to any one
of claims 4 to 15, wherein the firing mnechanism (5.0) conprises a firing

pin (5. no S : h 5, .the firi i 5.5) and the
supportqéhaft Epdﬁgn gg(l))n%&ﬁ@\rl/ﬁagoroeﬂr%?rget ?ééla%s f hie il/él"&’greglbgﬁe (‘IZ??thBe, and
the firing nethaidirsminifg Menfbers (63 aransedr AleRs e HAwS mtehdrsn? )5 by xedl y
secured to the valve body (4.1), whereby the firing pin (5.5) and the
support shaft (5.1) are novable relative to the housing (4.2), the housing
(4.2) haei ng Apparaperlo b et {nhd Q9P ein
order to enggg@ t he ( rg%g%(%}??feg?tbl\ém %gga(?:%%islﬁé( % Sﬂohg’cg@F%}%gﬁ{o clPai m 16,
when dependemiechanism n0) enmprises z fisingpinl(5.5)tmoubfed athe sepport dhaftf(5r19] theecess

11) i i i t shaf 1) of th han 5.0).
(57 popala 1R SCa R Y D inChail bt HlFGla 0
conpri si ng an4. 13 bdtienfrin® atehaiani(S.0) ferh@VenpiRey 8 no8siap . 2§ fixbaryout  of

engagenent with the valve seat 33. 0). )
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 ferH‘oi/Hﬁe(lfi rst relative position to the second rel gidy&dRohds! ON-

20. Apparatus . 0) according to claim19, wherein the actuating neans
conprises a support (4.3) secured to the valve body (4.1), and .a |ever
(4.5) secured to the firing nmechani §§g{_(5.0) and pivotally nounted to the
support (4.3), whereby pivotal novenent of the |lever (4.5) about the

support 2q4. 3 t ' t. .betweern. t he val ye bod 4.1
o Che 2171 PPRHAES (1. OF adeBrind VE AP BRRSS StpilS 1 G ks e yaRgsedi’
Appar at us (1.(%})) iscprovidied gntthe hreechassenfblyc (B0ys 4 to 20, wherein the val ve

seat (3.0) is provided on the breech assenmbly (2 0) 22. Apparatus (1.0)
according to any one of clainms 4 to 21, wherein the valve seat (3.0)

i ncl ude22an elppat2one(i.0) SRAIAIROW afip ohd ot 4St0egagReidVint ?}élv\é% e body

(4. 1) when the valve neans (4.0) is in the closed position, e seal body
(3.1)  bei ng fhipcludes #n elagipmariaisealtbodyi (B ridevhiguisfengegelf byt the \adver Body( 8)

upon firing phQj j 23. par.at u . 0)...accor di to glaim 22,
wherein the S‘g'llégﬁ}sega{hg(‘%w&) }n??f}st é(r))Aﬂclgnt‘g? i ogéc}goglg?%i ﬁf" ﬁﬁgg'éqpéfe&' )2. 3)
adapted to réemgradapted sesdal hgalyst (ad iheri surfaed opERMBARel (B) dpdnEril@of fle (8) -
24. Appar at uié&é“dﬁ% according to any preceding claim further conposing

t

cooling nea ed to cool the barrel (8) after firing of the
projectile. 25. Apparatus (1.0) according to claim?24, wherein the cooling
neans i s adapted to deliver cooling gas and/or cooling liquid to the bore.
26. App@fat udnparaws fbBbragdéardingotoc chaim 225, whirein tepeaideneatu®0) daghene of

Cool Tog 11 qorcBmpritheh Selitilf Hafhd"&. SPah"td YEIR 38 Rl B8ly W 9% 2" "
engagement with the barrel (8).

24.  Apparatus (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

(4.0 ar\q,ﬁ)teoflg%é%l ve seat (3.0). 27. Apparatus (1.0) accor 'ﬂgcgsﬁ)é,g sai m 26

wherein ing means includes a cooling gas inlet (9) 1nt reech
assenbly (2.0) through which the cooling gas can be punped into the bore
when the valve neans (4.0) is open. 28;2§pparatus (1.0) according to claim
26 or 27, wherein the cooling gas inlets (9) are arranged at an angle of

bet ween 4Q9. and 19) | it b A - axks 0fothe bore ~and tangentjal to
the inner surfacl:xgggﬁ‘atn?shtehg)oral gdwwgg%gggb %é%eg‘gpo%(gggdeng 2goBgraim 5,
Appar at us (1. 0)Vharsiothgicaglingoaic inkétrP)2iE tur sadfe wheie e paide ind/henoslif gASS
wherein the cog!&pg air inlet (9) is the sane as the air vent (9) and the
cooling gas is air. 30. Apparatus (1.0) according to any one of clains 26
to 29, wherein the cooling gas is punped into the bore by a high-pressure
bl ower. 31. Apparatus (1.0) according to any one of claims 26 to 30,
wherein the cooling means includes a cooling liquid inlet in the breech

nbl . 0 ' : i | Qui.d. ¢ e, punped. into the bore
assertly 68 0 Aphsatal Wkeranl LA B S0T, ReapRed i e bor
one of cl ai ms Z6pumpegilintartherboire b ackigit-peadssurg bldweui d inlet is arranged so

that it alternates with a cooling gas inlet (9) in the breech assenbly
(2.0). 33. Apparatus (1.0) according to any one of clainms 26 to 31, wherein

the cool i Bg. gagpphfath( EOf Gekoréing tro tady f B Pc1SMe 98916 381 Wiy, 0l Lowed by
injecting the cggl i ng IKi qLi d. 13% Olﬁ.yidr?llreng apparg(?us ?1. (.l)])e x3)|ﬂ_lea.c lé’ﬁon
adapted to fir81ppronebides asookingliquidpuat inetha grarch tasentbyy €2.0p Mpougi WHich

barrel (8) hav 'c&glr@ ll?cﬁlric? 8L Sixﬁ]lpeci pn?o fttiler ti)onr gL tvgﬁ/e 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
t he bore; cool ing neans adapted to deliver cooling

coolinggwpﬁﬁﬁgﬂﬁb the bore after firing of the projectile. : Apg%ratus
(1.0) according to claim 34, wherein the cooling neans includes a cooling
gas inlet (9) in the breech assenbly (2.0) through which cooling gas can

be punped into the bore when the val vi Bneans (4.0) is open. 36. Apparatus
(1.0) according to cLain133)or 1, wherein the cooling neans includes a
cool i ng |i quit¥ PYRRad nfp theboge when the alye, mean(499) isippegh whi ch cool i ng
liquid can WO 01/ 02790 PCT/ SG9/ 00065 -26 be punped into the bore when the
val ve neans (4.0) is open. 37. Apparatus (1.0) according to any one of
claims 23/t o Apparamer@i®) ackerdingold agy oneafisldims @5 toi 3% dwhereinnthe alooling et  of

gas and/or ligqud:tq.. | .a.mstired projectile fromthe bore when the
val ve neans (Ig%? 1|§ gtlg%é‘aﬁtp @g@} J?Xé’ip% agéfﬂbﬁlﬂ'é’l%rfa %P aarF’é%fgf‘%Pr%%F&‘il%g a
bore therein from the boregwherpthe] vablei heansqad) is?io%éd'.i ng apparatus (1.0)
according to any preceding claimprovided on the barrel (8) at one end

t hereof. 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.



