10

15

20

WD 2005/ 024334 PCT/ US2004/ 006980 | N BORE AR

REGULATI ON SYSTEM Reference to Rel ated Application The
w@e@sems3appl i cation clainms priority to U S,  PCT/US2004/006980

Provi sional Application No. 60/452,785, filed March

7, 2003, and U.S. Provisional.jApplication No.

60/ 520, 419, fil egn HdpreslrerREGH . AZ008.SYRTEM dent i fi ed

provi si onal applications are hereby incorporated by 5

reference in their entirety. Field of the Invention

This invention provides a weapon systemfor firing

REEMALSe RMAR ARlitdiod! arly, the present invention
relates to a weapon systemthat uses in bore air

regul ati gfe &&eﬁagﬁﬁ%ﬁ%ﬂdclﬁkst &‘?orft}m\f@ ny. 'Sorl\’rcw?s%rﬁ[ Application No.

rounds, which normally are used wth nuzzle | oadi ng

cOMBRA0RR FYt RiMRoh 7C30032laR8 (8. ﬁiﬁoev% cLQl %gﬁ&'ﬁoh‘%@xﬂ'ﬁﬂizo,mi filed

weapon’ systens enploying a snoot ore gun tube

NQV er "i"ﬂe'}oé?e g3 Y Ed%nt@@édﬁr%@m%g 'lus,atl%t'ls atgce hgxléﬂy tlH&%‘f‘porated by

horizontal Is positi Iciently large 1
f gravity to assure the round is in
m&%&gépﬁg%g%gg§gnt with the breech block of the gun.
Wt hout such engagenent, the percussion primer in the
nortar round will not be activated causing the gun to

thsﬁurq TEe probl em of hol di ng the round agai nst the
s aggravated with the addltlonal system
require t .of firing nortar syste r.om no
bl at f or m MisimYraKeR PORdE eWP%%Sﬁwﬁaéﬂna R for Baricutarly, he
a(gles belﬁﬁlhorlzontal g?r tho circ nBtances,
HBYAntgR Frlaterdg Ao syLep thahpses iy “? JUIEH AU d be
urged by the force of gravity to nove down the gun

tube away fromthe breech. WO 2005/ 024334

PCT/ US2004/ 006980
Background of the Invention

Mortar rounds, which normally are used with muzzle loading weapon systems,
can also be used in breech loading weapon systems employing a smooth bore gun tube, but only
when the angle between the axis of the gun tube and horizontal is positive and sufficiently large
for the force of gravity to assure the round is in proper engagement with the breech block of the
gun.

Without such engagement, the percussion primer in the mortar round will not be
activated causing the gun to misfire. The problem of holding the round against the breech face is
aggravated with the additional system requirement of firing mortar systems from mobile
platforms at negative elevation angles, i.e., at angles below horizontal. Under those
circumstances, without some means of restraint, the round would be urged by the force of gravity

to move down the gun tube away from the breech.
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-2 To conpensate for such problens, the prior art has
enpl oyed devi ces, such as stub cases and clips, which

wae®sargached to normal nortar rounds. An exanpdBUS00€006980

stub case is shown in U S. Patent No. 6,257, 148,

wherein the stub case is nmechanically attached to the

base of Tdeompuntad fdrGUEtproblamsams ipgibeert Ghs tMpldydiadies, such as
is known to also attach a stub case by elastic 5

séibcaRRs afDBIGE] WBick efehtthéiRd 3¢ HinGRBBraANduldeAh exsnf of HGub case is
round. When stub case weapon systens are fired, the

sBIHPInARSEPSER N 025 057, 140WHERE thOSE case THBEGRELATY athaBiRd to the base
stub case nust be renpved fromthe breech. Because of

of iR h&tAtbMRl Y¥ndhGtined SMRRIARHN Rkn8ORSS & diaurd 88 LRE by clastic
firing process, there are also issues relating to

s%}ﬁd?ﬁ%kng@otﬂ th@ stull)'] Qatse §ﬁd'me ﬁﬁssﬁ,ﬂiléqroancﬁ afe manner. 10

er ordnance manufacturer is known to utilize a

clip ont ' - ' nd.
mt | ng 1 ont e R e U SBe s BTGETd e rownd
ﬁlgxlé%r,a&"é“sﬂﬁ)t cats{]%uatbﬁeefe%v&?%m I%Q;Gc}?ee@fé.' Yecst of the relatively high
arrangenents i1 ntroduce conplications of loglstics,
n r i Qn, [ ,a.and_installation
optrayret ERORRATA B 80 rBb AR, w8l 1% Befhdhe 1BRposal of the
hardmarg associated with themfor use in breech

ne
hpEESh Al AR nARSIC! . . . .
Pod |%g %ys S, "Whi | e i ncreasing the 15 conplications

and cost of wusing such specially configqured.rounds. in

Cradi t§ orfaTou 9 PaE SapRESFis i & uigh a Siip g e Tins O the mortar
addi ti.gn, such prior_art arrangenents do, not vide a .
rfh e finedtis & o Bt spERORD PorurcRRaR el i aSffeains e
bor e %f b rq%ng.enbers, or for forced conyection .
beesdt i ee og“‘t PRI t YHEECHPISY € ofomnligatiang et i lggistics. e.g.,
The in bore air regulation systemof the gresent
trappattionnStagesy aed inplallatiopimng peditigral gest singgdth cyros pif future rounds
art weapon systens, while additionally providing a . )
nerdaligdwage agsefiated Wity em; i use i Weschdgading pystafiisy Moile increasing the
requi ring handling by personnel and w thout noving the ]
complfcatiens and 6pe ©of upieg FyrhoprerdlyriegAgyrerbroynds lﬁéraéélﬁ’ﬁglf’éQZZle loading
for clearing the gun tube of any residual '
mortar systems. In addition, such prior art arrangements do not provide a means for safe misfire

ejection, for clearing the gun bore of burning embers, or for forced convection cooling of the gun

tube.

Summary of the Invention

The in bore air regulation system of the present invention solves the problems
associated with prior art weapon systems, while additionally providing a means for safely
ejecting a misfired round without requiring handling by personnel and without moving the
misfired projectile into the magazine of the vehicle, for clearing the gun tube of any residual

burning embers, and for convection cooling of the gun tube when required by frequent firing.
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gun tube when required by frequent firing. WO

wWQOBsHD34834 PCT/ US2004/ 006980 -3 The i n bor ePei/uS2004/006980

regul ati on system of the present invention holds the
round in proper position within the breech by

creating phel AVHdRE 88 SHERatAGY B | IT the) gregérﬁﬁﬁxl‘bnm)rpﬁ!ﬂds the round in
., reducing the pressure in the breech bl ock bel ow

i.e
pAIpEPSRBNI Withis thet Biech bl Q:réﬁfiﬁ‘%§ 4@ pelis§uk €L RANIN the breech block, i.c.,
created thereby will cause the round to be pushed and

rc?@!:iﬁ% fiﬁgﬁﬁr@%hret NGnd BReBctOblol el @EERpRIRCY that fﬂe\’;ﬁ‘%ﬁlﬁe differential

open to connect the interior of the breec

c%’ghtte@ tk@re%gl&fifsf €a é the\é&fsﬁg ? e }gmdinﬁ_tl@lld%%?ﬁétt %{é: & Jf i H?&ah block.

[
€
e valv cl ose e integrity reech an

chanmber Idé f\’rﬁgjeni 6H.eniegpena'fa ohl&t YRS HIMTF YLD SRS i a source of

protecte m danmage as the round I1s fired. Even

vé%ﬁ}ﬁghlrﬁxggql%@gw ?%)ﬁlnﬁg,gtlhp vtalee 3§ ogéds Q) fie V\]?%?&?'Z(ff at?lt?] Breech and

ve | S C_ . rtl_a _an rl_ctlon
cflah eoe¥ &Y ngntlfanltecli,ta%d Ql%eo &P ggrlu%c;ngn S grl?l:;plrgtgcttecp ﬁo%!'h%ﬁlta ¢ as, the round is
|rrllferva 0 I'nme etween val ve Cl 0sl ng an |r|né of

foF round. The in bore air regulation systemof the
bfesent invention achieves the attributes of enber

clearin nd for convectiqn coolj. ng. sel ectj,vel )
connect |g < ﬁ%oulgﬁ Z]gechacfugn 3% gﬁlgl&'eto é#’mg?sﬁqyﬂﬁ naet a8 thé Sake is closed,
.posi ti re re.thro .the sane aforepmentioned . )
1rs}gfallaé{dvi'§1§t?c[%§ﬁ]ﬁewr} glﬁ r(gl.?x {1 &S B?Oé)\% P@gloﬁi (g_?lng_ Itl'ress?lgrt interval of time

partial |y broken away perspectjve view, of weapon
bg%?rbmlvéwﬁ@g o fipp o5 Shecroln Péegla?@afq %hreg@gwh&tﬁwgqf the present
2is a gartiallﬁ,broken amay perspective view of an .
inyeRtEnAsis ViR B R ibeles obfnbey GTeArRg #YY farsed ponygstiongppling by selectively

regul ation system Fig. 3 is a partially broken awa i
cg@,egtr;@cthq véeci{;it%gvsq}gcea% Srvader ey SPresyEe dhrpugh the same aforementioned

valve.

Description of the Drawings

Fig. 1 is a partially broken away perspective view of a weapon system having an
in bore air regulation system.

Fig. 2 is a partially broken away perspective view of an alternate weapon system
having an in bore air regulation system.

Fig. 3 is a partially broken away perspective view of another weapon system
having an in bore air regulation system.

Fig. 4 is a partially broken away perspective view of yet another weapon system

having an in bore air regulation system.
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having an in bore air regulation system Fig. 4 is a

partially broken away perspective view of yet another
wowe@pom3system having an in bore air regul atip@r/US2004/006980

system WO 2005/024334 PCT/ US2004/ 006980 -4 Fig. 5a

is a perspective view of a braech | oading gun havi ng

an in borggak{ is 5%%&{3@&1\/9'%&:%/ 8t §MBrdedh dodd ?I having an in bore air
posi ti on. % 5b'i's a perspective view of fhe gun

SO bydeel 19ab§@er¥"g¥>§n$rhe gun in a full recoil

posi tion. Is adrawing illustrating the
breech bl }qgksbu§ ed%e&sﬁse&ng VW o thé W Etﬁa‘i&%din'lﬂg dal With th8%un in a full
and 6b. Fig. 6a i's a perspective-view of the air
%%ﬁ §Midd I ustrating a break away connection in the
ery p03|t|on where the air systemis |n
communi Caﬁl o4, 1‘@4 t &/Fﬁ 1ﬁﬁs%1gﬁlgthglb9&% bilogk tlﬂe dn flustrated in
perspectlv Vi ew of ‘the air sten1| ustratlng f fre
y connection in full recoil position where
F?sé%apa%gysten1ls di sconnected fromthe breech bl ock.

Slr gsezt I ISFn%en% Permt IFI‘%%C%{IVC Vlegv (c))I" the glre{gftg%mt Ini?us&%tmg ansreak away
tiliz

rating |ts app
gqﬂ%gfopelggg%ﬁgt]%e%g tgon E% hl&ehalf ﬁ\ést n‘é‘ ésulﬁl ggn cagon with the breech
roLnaIIy connect ed through a manual |y shiftabl e val ve
a poppet 15 valve in the breech bl ock. The manua

val ve can_.be selectlvel shifted to.connect the K
pressure SEdED dd 3 PRESPEPBECHEWHENtE K DosRLdirgRing fhg break away
opened tq eject a n1sf|red round, to evacuate b

cefsERa ip fulkigeqiipgsitioparh wﬁhetwstﬂp.l disggnpesie g‘ﬁﬁ egh block.
drawing, simlar to Fig , .of anot her enbodi pent of

the invefigi énsi ans‘ihﬁmé'i‘f’ flﬁév"pfbﬁﬁ@ﬂe vEIbOEMER R i Ricerqt invention

Wth the breech through the side of the barrel o
illustrating its application to a gun having a sliding breech block utilizing a unidirectional pump

in which the vacuum side is normally connected through a manually shiftable valve to a poppet
valve in the breech block. The manual valve can be selectively shifted to connect the pressure
side to the breech when the poppet valve is opened to eject a misfired round, to evacuate burning
embers or to cool the gun tube.

Fig. 8 is a schematic drawing, similar to Fig. 8, of another embodiment of the
invention in which the poppet valve communicates with the breech through the side of the barrel
rather than being incorporated into the breech block.

Fig. 9 is a schematic drawing, similar to Fig. 9, of another embodiment of the
invention in which a reversible, positive displacement pump is connected directly to the breech

through the poppet valve.



10

15

20

20 rather than being incorporated into the breech
block. Fig. 9 is a schematic drawing, simlar to Fig.

w@2008f02880t her enbodi nent of the invention i nP@YUSIv0£006980

reversi bl e, positive displacenent punp is connected
directly to the breech through the poppet valve. WO

2005/ 0243131% RGEA LERAEA¢ BARABQT andthdreBbodifiehtSof @he invention illustrating

schemati ¢ drawi ng of another enbodi nent of the

iisapBNLAteR w lal st hAidghg slidihg bRt bfodk iapd eﬁ@lc@nr@uﬁl reversible, positive
havi ng a slldlng breech bl ock and enpl oying a

&ﬁ%@&ﬁ&@bgn positive displacenent punp. Fig. 11 is a
schemati c representatlon of the forces actlng on a

nortar rogj ?dli st schénzﬂfc'r@ reéegtaflbr{ bf'@e ‘féﬂ'@& dcﬂn%gn a mortar round just

arrangerren according to e present I nventio

i Il JRRR B drflclaferthy séasrdlargwgor el R RS Nt

Invention is dire to an | alr regulation
system for a weapon system The in bore air
regul ati on system of the present invention is

il ‘b‘é&%@tié(n Stthd gﬁer{tf% use 10 wth breech |oading
ML20 nort ar systen1 The in
bore air {"l%%[y CS%I}ltnl ven%X? ecmea% tooargll 1X b]:)r%callr re%ﬁ tlon s st 111 for a weapon

Ioadlng ro posI t but
r
Sgﬁ"*%*ehiﬁaé PG Eat%zes% Ef By fnve%twﬁdgB?%Fl&aﬁ!yosu“ed for use
bore air ti temw th al
ﬁﬁ’e R SR S %t% ﬁ%ﬁﬂm{ DS{Rg s Y B i regulation
stemena aonsste to ori ented
¥R ant Onl&?a Fitsdrdieiopie TR G PopRer B i cnatigempifunctoning
bore air r. ulat on system al so operates in a highly
PR e nie P Ghrbaredsron theMeaRmsystetct or s such” as
t enperature, hun1d|t dirt and dust. Another
advant agelt &fPossile ﬁ%sg distin bors @ CFIRtipR sysifan Wih glb pgesgficonventional
ul ation systen1of the present invention enabl es
ft’lﬁg swdihg i befe aihseylatigiorysisyisinables Bepecaporypystent nbgq griented without

reduced conpared to conventional breech | oading
rgapegh o theyanglerad théyharralt (The zebere gh regidaion usterm sdsot gperafes in a highly

reliable manner regardless of external factors such as temperature, humidity, dirt and dust.

Another advantage of the present invention is the in bore air regulation system of
the present invention enables the weight of the weapon system to be significantly reduced
compared to conventional breech loading weapon systems that utilize stub cases because the in
bore air regulation systems do not use stub cases and stub case ejectors. Since stub cases are not
required, it is also possible to use shorter magazines.

Fig. 1 depicts an in bore air regulation system 10 incorporated into a weapon
system 8. The weapon system 8 in this embodiment generally includes a gun barrel 30 with a

first end 32 and a second end 34. The gun barrel 30 has a bore 36 formed therein that extends
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20 bore air regulation systenms do not use stub cases
and stub case ejectors. Since stub cases are not

woemsiozee4 it is al so possible to use shorter PCT/US2004/006980
magazi nes. Fig. 1 depicts an in bore air regulation
system 10 incorporated into agweapon system 8. The

fORPIAO BecBNS bRIM 4B oivirds MleSir& R IR BB a0RERA #Mck W0 lideLHEE SThe bore 36
a gun barrel 30 with a first end 32 and a second end

is3Haptdd® Besveabiugd 3830 has a bore 36 formed therein
t hat extends WO 2005/ 024334 PCT/ US2004/ 006980 -6 from

the seconfh.epdy,3é aﬁ@%@ﬁlgﬁ"ont teﬁi §tis gRoRAunREES: @uth the bore 36
breech face 40 is |ocated. The bore 36 1is adapted to

t}{rgﬁ‘g%' a‘ﬂ%pa‘turrp Pﬁfémﬁ&j m-ghﬁrrélr\vﬁlolue A@{/z{lvg ROy bﬂ)tvidgﬁl ﬁa\f(gﬁeﬁmhe aperture

IS in conmunication with the bore 36 throu

199(? rbﬁgtghcl% bfopere{fpiggl%]ﬁlo% sgﬁ&ﬁ ?b dWﬁLg fir%n : OA valve 16 is

pro proxi mat e erture protect the

in bore qlt fs Igrgigfﬁlbﬁttb Abu S ngrjegsugeuéén@gtlgﬂ [)&'agn 26 tof lt}% m bore air

preferable to nount an air ssure“generation port

St 5 W%@%@@%@%@@ ik Sy per e,
fi t t 20
air gre@sure %errrlTer%Hlo% g?rltlgrh bd\;\/}sﬁ{l} g(?xﬁrgglru%:{c efnﬁré t eza Rl?rre 15%@1{156 tube 24. The

ﬂﬁosr%p@iefﬁfg{)ﬁygﬁ s Eufng LSl B, ° 311??&5&%%%8"%% tat allows the tube

I lows th be 10 24 to, ]l engthen when the weapon
gy%ltﬁ‘égweél nfﬂ?er‘ﬁ??porﬁyéteng s%Ir trates use of the in

bore air ulation s OWIth .Screw breec.

weapon Sx}ég %m lj}%ﬁites §F&%;ﬁt tg? 1 1[35)“7: ﬂéreﬁl" %‘H?)ﬁﬁm {1% Wlla'l a screw breech
enbodi nent, the weapon system 122 includes a un )
NSRS B0 2R N RRT 40 B ECCE 8 GRORETRl herEseBeh tigh |22 includes a
that is adapted to receive a round 138, In this

eWhPBEH rishiavingrs baprel 6 g ending thersthreyefndlpt jsridgptedipaggoive a round 138.
breech 118. A valve 15 116 is provided in the screw

breech 1118 this epbediment, phapartyrep2ds prped dgyasgrevdmeech 118. A valve
system 110 duri ng flrlng Simlar to the enbodi nent .
116 jsusevidadeig thayscriwgbreach k1R do grotecpthedn bere agangrattonsiistem 110 during
system
firing,
Similar to the embodiment illustrated in Fig. 1, the air pressure generation system
120 is connected to the aperture 112 with a tube 124 having a sliding configuration similar to a
trombone.
Use of the in bore air regulation system 210 with another weapon system 222 is
illustrated in Fig. 3. The weapon system 222 includes a gun barrel 230 with a bore 236
extending therethrough that is adapted to receive a round 238.
This embodiment utilizes a sliding wedge breech 218. An aperture 212 is formed

in the sliding wedge breech 218. A valve 216 1s provided in the sliding wedge breech 218 to

protect the in bore air regulation system 210 during firing.
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120 is connected to the aperture 112 with a tube 124
having a sliding configuration simlar to a tronbone.

wQ@0ooskei3ef the in bore air regul ati on system 2801/vW1004/006980

anot her weapon system 222 is illustrated in Fig. 3.
The weapon system 222 includesy;.a gun barrel 230 with a

bore 236 Ae&xdeendi ddgndchemedinpesaR dchahtidrSsyaldaPiRtoltRe aperture 212.
receive a round 238. This enbodi nent utilizes a

Tk bl RELFARAY Basl SR c8difburafion BRELkitiRr lPrdmibdner med
in the sliding wedge breech 218. A valve 216 is

provi ded %tnl !éulﬁﬁhéleinfyoai%eﬂ?ggﬁebd’rgs%ﬁthingéﬁiohorela%§ to mounting the air

protect the in bore air regulation system 210 during

p%éé%f.rég genne}élt?og Q}Qynp gf@@é‘f’nn@@@ H@&Q%é %@ 9 %onn' s}st@fntz?%g,eats C%llustrated in

nects an alr pressure generation system

%%64 aRgE L orf tjsﬁsé?m EBQ II'IHQ S Par g{l)r? hRRLY3 %aﬁav%g;% :t{é}'é’] 936 extending

nfiguration is simla a tronbone.

t%@%%@?%hgtﬁgﬁggdgp}réﬁtto QLeitdWEroRfiFSRNL 1 nvention rel ates to

pressure generation system 320

behi nd t reech,..318 a n_syst .322., . a .
T st  at Bt gresEd, @ ofeeEP AN RS G T e yB8 wall 314, Tubing

Lncl udes un. barrel 330 havi ore..336_ext endi .
sehBpbiReds M Pirafisr e sinipedl i RARIE o PofithPasMy notudes
In this enhodi nent, an aperture 312 is provided in the
UBHPP%Tﬁﬁﬁﬁgmgfgﬁﬂ$ﬁﬂpﬁg 324 that connects the air

pressure generation system 320 with the aperture . :

D of or abl SIET Her 608 650D Shald Sttt 1R AR YSiem 500 into which an
configuration. 10 {iﬂf' 5a-5c and 6a-6b show a brgﬁﬁh .

af PRI VIRAPOHSE st 8rHAE BEF; IRTEPIUMFE h AU Fir BHEBSGP ds carried by
vacuum syst em 510 has been jncorporated. A vacuumair .

ths gy 2BBmpss of drerguB @ndhgonneqied tathe bigsel drppghie Yyeakiayey gappection 550,
and connected to the breech through a break away

whésirie eestetradp glustrated @Figss6a®ist clearly illustrated in

Fi gs. 6a-6b. The breakaway connection 550 reduces the
mass to beheabredapay cpynetia wnreguces the mass to be absorbed by the gun’s

recoil mechanism by allowing the mass of the pump 520 to be attached to or otherwise carried by
that portion of the weapon system 500 that does not move in recoil.

Since very low pressures differentials are involved and the flow is relatively high,
this connection has negligible impact on the system performance. Thus, the break away
connection 550 may be a cone shaped male member 552 mounted on either the recoil or movable
mass engagable with a complementary shaped female member 554 mounted on the mass that
does not move in recoil.

An O-ring interface functions as a seal between the two members when the gun is
in the battery position. Using such a configuration increases a contact surface area in the

breakaway mechanism 550 to enhance the performance of the in bore air regulation system 510.
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15 recoil nmechanismby allowi ng the mass of the punp

520 to be attached to or otherwi se carried by that
w@ooosiopi3of the weapon system 500 that does noPCTIOSB®O04/006980

recoil. Since very low pressures differentials are

involved and the flowis relagively high, this

connect i ang PMSshoRg kHe%o@t& vaRB360 iPthe AR cE BRLRBY2. This valve 560 is

perfornance Thus, reak away connection 550 may

ulRd By G RBRpREARESrNBRLE4 RARES 16528 poRHSY i%dV}QEh @k it} Bethe breech

recoil or novable 20 mass engagable with a

af PR RARBYr 3¢ nambARAnA Qﬁ@dnﬁné@ﬂ%%p@@ﬁowﬁe\ghl&p tHeBamber is in

mass that does not nove in reco

cbrﬂﬁqﬁﬁlﬁﬁﬁﬁ Withed VRS 88 pAmp 580, betWeen the tWO member s
when the gun is in the battery position. Using such a

conf i g ur altﬂngﬁﬁﬁé? 951@@%@@15%111‘1"19&? iRk tﬁ)léroff 5T e fdrréxﬁenl and intake

br eakaway ani sm 5 to enhance the performance o

oh 355, Ao ST E B V2005 RRES, s
%@gg tlﬂe éo r«?sr B %Bn%r %k %g% ft-glalo§f éliallt 0§§}p a cgm %&Bgﬁgam may be

eSS|on omard ac posi

guﬁa¥@ c(ﬂmwglhg%ggn ty of the breech and the_chanber
i Red and i's caroned to an open position in

mh h th t

A purp 1590718 Pronid e PO RBLH R ol G it The in bore
I f d f haust d

aﬁfﬁ?@%m@a‘%ﬁﬁﬁ“ e sy a0 8 Porad 5T Sty dhe in bore aiv
560 . t t th

i Eeaean A gresalys 92hdt § SPeRaisationpinp oot sZat

b whi ch hifted b I d, .
eiaﬁpfgm%aaégg ﬂl%%glﬁ%eg the vaRn &b eTeETes P dabs gﬁgilwa (o4t gfr or into the
various configurations for the in bore 10 air

bargd 38t | 6nbr§§}"§‘t"é}h‘38fmetcﬁ‘§l prdenteiaaRiemravited hgqween the air pressure
particular, Fig. 7 depicts the in bore air regulation

r@y@fl@myetm @Q.an@th%én #rel&3620 with a single direction
punp 624. Changi ng the position of the valve 620
enabl es & plidieg sral ef0aigmrederablp progide heyeehgun barrel 630 and the breech

642 to enable the breech 642 to be removed from the gun barrel 630. A valve 650 is provided in
the breech 642 to separate the in bore air generation system 610 from the bore 652 when firing
the round 654.

Fig. 8 illustrates the in bore air regulation system 710 using a valve 720 with a
single direction pump 724. Changing the position of the valve 720 air to be drawn out of or into
the barrel 730. A breakaway connection 734 is preferably provided between the air pressure
regulation system 710 and the gun barrel 730. A valve 750 is provided in the barrel 730 to
separate the in bore air generation system 710 from the bore 752 when firing the round 754.

Fig. 9 is similar to the embodiment illustrated in Fig. 8 but the in bore air

regulation system 810 includes a reversible pump 824. A breakaway connection 834 is
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barrel 630. A breakaway connection 634 is preferably

provi ded between the air pressure regulation system
woi@sang34 he gun barrel 630. 15 A sliding seal PGH0S1084/006980

preferably provided between gun barrel 630 and the

breech 642 to enable the bresach 642 to be renoved

pldtaBLY PR VEHED bBRVEEER theGBOpredué abat@atiBR Qydtdin BI®WhABE guf barrel 830. A
the breech 642 to separate the in bore air generation

v§w§ & 8Ts 1 idel AMKk BErORBE (BRParB B ih bk AG gehd?RidnQYHEhn 810 from the
654. Fig. 8 illustrates the in bore air regulation

béaé%tsﬁmhleﬁnygsﬂhegoﬁd%@i ve 720 with a 20 single
direction punp 724. Changing the position of the valve

720 air t9 bﬁ) W QO th@fenﬁfodfn{ghp 1llutslt9ﬁe<pﬂ{ Fg;l 7788 thé\in bore air
br eakaway Connection 734 s preferably provi

r&ﬁia%x?% B A" i g%lﬁéssbﬂrr% er&ﬁ%%ﬁ'ﬂ{p‘ 95k, Sy&gﬁ%QkZ%Qy %glqlectlon 934 is

e gun’barrel I's provi
PRACHE) phiied BepnBRAL B Prel B olufiRh S S?%“%aﬁfﬂﬁ”ﬁg fififparet 930,

754. Fig. Sll(#lg% % am)Jl(ﬁ {) &?regergbn?/ p%j’g]%g bnt%’g:% Sr};eti ?B(? gnd the breech

in Fig. UG P on

9?%%%: Lkl @Beé%@eﬁ%"g? N N
RGeehdroh %%%%%TSDO&?“%??# R5of St ERT G thepbors, 473 hen firng

850 %F QrOV|ded in the barrel 830 to separate the in
disdPundf generation systen1810 fron1the bore 852 when
firing the rqun simlar tao the

enbodi merft&i %gwaélf%lkr el 9 theofies Aqtfls Op dhayghRs o gree created by
5 regul ation system 910 i nc] udes a reversi ble punp

PESHIe 1k e SHICHHESS BORIEVFT B B84Tqason Khigh é*i»eamevure acts. Atmospheric
provi ded between the air pressure regulation system

PRyl 2t agube sl epdpt t@gwunskcr@ﬁtw fogcesqud! t@tb@ crags sectional area of
preferably provided between gun barrel 930 and the

ther woret timg$ thet pyesswg i 4o thah doree Brgeh thgaporias rpendr ieraidethe right. ie., the
fromthe gun barrel 930. A valve 950 is provided in

breeh ¢ndeé 81§ 298 ubeo separate the in bore air generation

system 910 fromthe bore 952 when firing
The pressure in the breech PB creates a force acting in the opposite direction.

Since the areas on which the pressure PA and PB act are equal, the two opposing pressure forces
will be equal when the pressure in the breech PB is at atmospheric pressure PA.

Another force acting on the round is the force of gravity G, which force can be
resolved into a force GA acting along the axis of the gun tube and a force GN, which is normal
to the axis of the gun tube. The force GN creates a frictional force F, which is equal to the
coefficient of friction times the normal force GN.

When the angle ¢ between the centerline of the gun tube and horizontal is
sufficiently large, the force GA will be greater than the friction force F causing the round 10 to

move into engagement with the face of the breech block. Since the coefficient of sliding friction



10 the round 954. Fig. 11 schematically illustrates

the forces acting on the round. Force created by
w@emsen3gs i S t he product of the pressure and tPer/asma4/006980

on which the pressure acts. Atnospheric pressure PA

acting on the left end of thejg.ound creates a force

f@GH&mateRalt R oBE® $SlessaRin BP 3befASiER 0PEtatid RR1EN WAL the F&d begins to

the pressure PA that force urges the nortar round

sh@a i duheuve! @Rt mbveall thé Ry lniéenfgé%ﬁﬁht Witdihefack BE I BReech block.
t ube. e pressure in the breech reates a force

acting i &R eORPORI dngledh i€fdctealed, thel REE c&xﬁﬁor@ﬁ@@?& the force of

whi ch the pressure PA and PB act are equal,

99@3‘ W9 DSReMh & 4@ rt}%eﬁlctlcm i‘okceqewﬁﬂfﬁaleas%%&ug@&le normal force GN

pressure 1 n the breech PB iIs at atnospheric pressure

5 \&H’f\alsm%egger \Ié] (f]o%? oﬁéﬂc@ Gyith tﬂéqeﬁlfgoéjﬁqqfﬁlehﬁfsnr{ugf, g}% c%tnponent GA

gravity G rce can be reso

v&%l‘?ﬁ&ﬁs%@l&t&) g%m@ ltl%r}guﬁdﬂﬁ? magﬁ'g%?%eﬁlientt \Dl%l & ?acg Ept%e %H—:gc}?block.

orce I'S nornma e axis o

tube. e(grtd%{ %&h%cﬁ%%‘%c%? c%aft ?é %r vag ufx Pl grel::c’h ?Jbucmg the

is equal coefficiéent o I on tlne
nale O bet
prCegSL ?a ]?rg?\lcﬁ Q{%c“?(nbe:l ) eg%o%.aheﬁlg,r w1Z R aetF a. pressure differential on the

e Y }i?fe' s %f@reeh#lh‘?uio?%%ee i Pistah %%igr?%%%d B ol force GA,

n ment with the fac ch bl ock.
10 wills FRARHITED £piieten: Srndfi Brey t‘%ﬂ?‘?rsﬁcﬁiﬁ) bo
2005/ 024334 PCT/ US2004/ 006980 & e mat er i
i nvol ved ‘PsCREELENt Hign ™R ‘éo‘@fq‘ﬁe
rictio once, t he rou hegins to slide in the. g

Tgifsaeﬁer’. ¢ Biepsh iroiksed: nd an I AhicgularRiaystent AT to draw the
the face of the breech bl ock. However, as the angle O
rquad ggainsh e SEeech he axi al component GA of the force of
gravity Gwll also decrease and the friction force F

tgmug}bft & tbLgech en of the barrel.

wi |1 i ncragshefese dalsstesiradetonbienthe WeapQiesysigm, shain porg|agroregulation

i ncrease. As a consequence, when the angle o is

15 systemg is disepnmiegteds fram|the m}@gobqfﬁb@bpém witaa velve.| Ifgkee round fails to correctly

insufficient to assure the round is in engagement W th

firey, thefdgtestivsf ropdempy begjbctpd fiem the weapon system by injecting air into the barrel

with the in bore air regulation system. The force of the air is sufficiently high to eject the round

but low enough not to cause the round to be fired.

It is contemplated that features disclosed in this application, as well as those

20  described in the above applications incorporated by reference, can be mixed and matched to suit

particular circumstances. Various other modifications and changes will be apparent to those of

ordinary skill.
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Under such circunstances, creating a vacuumin the
breech, i.e., reducing the pressure PBin the breech

whbmek2438d ow at nospheric, will create a pressuPEr/us2004/006980

differential on the round, which pressure

differential will create a nefj.force, which when added

to the force GA, 10 will urggMde round into

engagenment with the face of the breech block. In

1.0Per AlyjeRbn sgﬁ&n%%%iﬁé i nserted through the breech

end of the barrel.  Thereafter, the breech is closed

and ' Il =1 j [V

vt R r O ang sLREE, Pl § e R e e Bl s o bore

desi red thmIeifgﬁer&iH thﬁ\%ﬁt@g(g; 5 W irst %ﬁlf tioG/aRiQ e &ic{md end, wherein

regul ation system s disconnecte romthe

i n.t erior tﬁJbotryl%taP@[[Jdﬁ%)FégieitV?ﬁe u(Y}a,la\ﬁg' . I'f the round

fails to correc efective round may be

ej ected.from iniecti i . .
e SR 00 BB B A e e e
The force q@ th i.s suffi.ci.entl

feg ation § s?eimr is 11 communication wit: t}I%i M & Qedthats Sir {)rre]:sesure in the
round but OM/e%oug hot o Cause t'he Tound 86 ve

fired. It i | hat. f di scl osed |
thi & appltPhST o oago s e et b S S5 BET ARG o

t he above applications incorporated by reference, can

be m xed and matched to suit particular

ci rcynst ances. Vhripu;wgtper nDdificatLons.and hanges .
Zyi |1 Th5e V598 Biitem: 8T (FdB el o herginginfialy bYR 4] regy@tion System is in

2005/.024334 PCT/ US2004/ 006980 -11 CLAIMS 1. A weapon
CQURBIMIFAIER Pt hege thepughiResuR P¥Tehaving a first end and

a second end, wherein the gun barrel has a bore

formed therein that extends fromthe first end towards

the second end, wherein 5 the bore is adapted to o
3r ecellite Waanopungiemapfl climi h wheteinathe nebuif Al sgulpiien eystem is in

operably attached to the gun barrel so that the in
cqmypenieatipn with the bore through a breech plate that is attached to the second end of the gun

l%h tQ ej

barrel.

4. The weapon system of claim 1, and further comprising a valve that selectively separates

the in bore air regulation system from the bore.

5. The weapon system of claim 1, wherein the in bore air regulation system comprises an air

pressure generation system.

6. The weapon system of claim 5, wherein the air pressure generation system is mounted to

a portion of the weapon system that does not recoil when the weapon system is fired.



regul ation systemis in conmunication with the bore to
regulate air pressure in the bore and thereby contro

wo besposss i on of the round in the bore. 10 2. AdEUS2004/006980
weapon systemof claim1l, wherein the in bore air
regul ation systemis in commmication with the bore

71 hr on@hwéapen G¥btenbaf Elgim 5 3whelif tNLAP PR ssuYS bédBtafbn §)s@inills operably
1, wherein the in bore air regulation systemis in

atCRRIIUD iAok in¥ dnRdfubEblb Rhgthtiyeough a breech plate
that is attached to the second end of the gun 15
barrel. 4. The weapon systemof claim1, and further
conprising a valve that selectively separates the in

gbor erial Weah69 ' s@dni Qﬁcl%)ﬂast’ e\{)ﬂefrcfng’ el 1@%}99}: Bre tAG 1§crez-1rs]3§ in response to

weapon system of claim I, wherein e in bore a
5 rdo&O Aldrdh SR RGP TRE| ndfk kdpon Ws?eﬁﬁ?‘
generation system 6. The weapon syst'emo ?a|n15
mhereln the air pressure generation systemis nounted
a portion of the weapon systemthat does not

S T S Y ——

aé%ﬁ#ﬁwhwbomtwlggﬁkm$h§% ﬁm%? air pressure generation

emis 0 the bore usi ng an
adjustable Iength tube. 8. The weapon system of claim
7, wherein the Iength of the tube increases in
nse to 5 rec ort| n.of the weapo
0 gyt ‘O(ﬁaé’ﬂ“t e Ry ST 6B pRa S, P spgdes maine
5, mhereln the a sure generation
spesdit ity Hhry e Hevme Reten @C?}Ffeﬁ i ng
breakamay mechanism 10 10. The weapon system of claim
9, wherein the breakaway nechani smincludes mating

surfaces that disengage when the weapon systen1re00|ls
1Lt t f method lap&retammg a found in a weapon system pI’lOI‘ to firing, the method comprising:

forming a gun barrel having a first end and a second end with a bore that extends from
15 the first end towards the second end,
operably attaching an in bore air regulation system to the gun barrel so that the in bore air
regulation system is in communication with the bore;
placing a round into the bore; and
activating an in bore air regulation system that is in communication with the bore to

20 control the position of the round in the gun barrel.

12.  The method of claim 11, wherein the in bore air regulation system is in communication

with the bore through the gun barrel.
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11. A nmethod of retaining a round in a weapon system
prior to firing, the nethod conprising: formng a gun
wharseb43Baving a first end and a second end w p&T/ES1H04/606980
that extends from 15 the first end towards the second

end, operably attaching an i.p3-bore air regul ation

13SY STRMkMod BEcIGN 1 DavHeR)in & it Balk atlBgltidAQK&ediif in communication
regul ation systen1|s i n communi cation with the bore;

w1m| tREHRG thougR Y Bekebmpite i€ ish@hdhed & Wle 8&bhd/@ldi o the@hin bitrel.
bore air regulation systemthat is in comunication
wWth the bore to 20 control the position of the round
in the gun barrel. 12. The nethod of claim 11, wherein
14! h eThé"' er@l'bg o‘?'c[alrfl qgqu Luﬁf fu?tﬂers&ﬁﬁy%g]ng %el'e&lxﬁégg%gg%@%{hg Mn bore air

with the bore through the gun barrél
4 The nethod of claim 11,
rqgﬁgétgégghé&?ﬁgﬁgpgwéf?%ﬁgbulatlon systemis in
communi cation wth the bore through a breech plate
that is attached to the second end of the gun barrel.
14 T1-1r %GHF)EI I'B?dcla%-l !, %h%e#thquqjot‘eugﬁ‘ I?ggrulaglgmgét?r{l N mprises an air
selec vel'y separating elnboreair regurati on
Lom f he bore with a valve. 15. The nethod of
I”%¥Je%fﬁT &réin the in bore air regul ation system
conprises an air pressure generation system 10 16.
The nethod of claim 15, wherein the air pressure

169N atign.s s em.is nounted to ortion of th
e adtshicteg e g e AP rieheoe el mounted to o
mis fired. The netl of claim 15, an
po‘f“%i?f’ e vegRassYLFR é“‘&ﬂ%eﬁ A8 geosl qﬁ&ﬁ‘?en‘ﬁeaaf’? sysfeass gfeé‘-
generation systemto the bore using an adjustable
| ength tube. 15 18. The nmethod of claim 17, wherein

the length of the tube increases in_response to recoi
175f The method of claim 15, and further comprising operably attaching air pressure

generation system to the bore using an adjustable length tube.

18.  The method of claim 17, wherein the length of the tube increases in response to recoil of

a portion of the weapon system when the weapon system is fired.

19. The method of claim 15, and further comprising operably attaching the air pressure

generation system to the bore using a breakaway mechanism.

20.  The method of claim 19, wherein the breakaway mechanism includes mating surfaces

that disengage when the weapon system recoils after firing.



a portion of the weapon system when the weapon system
is fired. 19. The nethod of claim 15, and further
W@ o0vpnesB8ang operably attaching the air pressureCT/R282004/006980
generation systemto the bore using a breakaway
nmechani sm 20. The nethod of.;j&£l aim 19, wherein the

21br eakANBMoABEOR SIMWIREAHASSatIRBUhB HoW iR E@8latib@fstem retains the
di sengage when the weapon systemrecoils after firing.

rou\ﬁ@a%Q&'éé PR3 Bl hddSd 04t AREARHA endldk tRelgunTtagerret hod
claim11l, wherein activating the in bore air
regulatlon systemretains the round adjacent a breech
positioned adjacent the second end of the gun barre

2222 le@ﬁeﬁ{s& GPQlaﬁﬁ lplﬁﬁeﬂ%lﬂ- %ctww @1[3 r"n ﬁ&re'a*/rqregln&mtn@?stbrﬂ urges the

bore air regulation systemurges t round out

rodndSuf Rl f§a Ok e I@ﬁn i barrel .



