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-1 I N BORE Al R REGULATI ON SYSTEM Reference to

Rel ated Application The present application clains

priority to U S. Provisional Application No.

60/ 452, 785, filed March 7, 2003, and U. S. Provisional

Application No. 60/520,419, filed Novenber 14, 2003.

The identified provisional applications are hereby
incorporated by 5 reference ifl-their entirety. Field

of the Invention THNSORBAIRREGUIATDONSESTEMeapon

systemfor firing rounds. Mdre particularly, the

present invention relates to a weapon systemthat uses

in bore air regulation. 10 Background of the Invention
MoReference i Relafed dprlisgtiopor nal |y are used with nuzzl e

| oadi ng weapon systens, = can al so be used in breec

| oadi ng vvea'B‘?? P@i@‘t &?@C@%IW?]@“Q‘% B dt-f- BH’P’@‘OQﬂ}nApp"cat'O" No.

tube, but onl when_t he an et ween the ax 51 419, filed
QUIDABEES, 0 ey o2 i g?o%lfi’?‘(}%”ﬁh&l’gkﬂﬂfl?’b neplyfars, fie
Iarge 15 for_the force of  gr sure t r ound

i sNPRMBFTo b r 208 g a femidRrtifigd tﬂ’i"‘i‘ﬁ’l‘ﬂyb F@’é‘&ﬁmB’f 88 n?f?byt fgorporated by
gun, Wth%t such engagenent, the percussion primer in

t W HBFAMFSBMEYW | T not be activated causing the

gun to msfire. The problem of holding the round

agai nst the breech face is aggravated with the

ad%i Iti ggal sgst emrequirenent of firing nortar systens
fr IR | atforms at negat i ve eI evation angl es,

[ ., at angl.es b rizo r{g:}%%
' (! s. More particularly, the
CI r cunst anc s '“"'e“?% v'scgﬁéw gﬁ%se r estral nt, Eé’ 4

(rj o%%sg%t%lérlitgonq 5 tg § qr Eﬂﬁe tﬁ!t cflgcr o Ccﬁé /Y IICLIM atloho nmove

U € awa rom

Backpround of the Invention

Mortar rounds, which normally are used with muzzle loading weapon systems,
can also be used in breech loading weapon sysierns 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, ie., 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
are attached to normal nortar rounds. An exanple of a
stub case is shown in U S. Patent No. 6,257, 148,
wherein the stub case is nechanically attached to the
base of the nortar round. The assignee of this patent
is known to also attach a stub-%kase by el astic
straps engaly rrymsownts fonhauch prblesss e prier ‘thasfei“ﬂ’?yﬁ devigss, such as
round. When stub case weapon systens are fired, the
stiHd e @nds dlipsr whighsare pishediia npignsh mortarrpde Af P REa stub case is
stub case nust be renoved fromthe breech. Because of
{ HRBOVRIng SuBISPt N gh? s I RpeleisiL e S eRe s Y et e s
firing process, there are also issues relatin
di § fersmpras o eTherpstionce 9h tusaten f7 '%W%foea'%ﬂﬁa} a styp case by elastic
Anot her ordnance manuf actur F known to utilize a
iz of

c | SUAPSSABasHS beihike b icand Hie G whi ch engages a

mating feat chined into the to hol d
round agai n @Le”tsﬁg’ Caffrveeéﬁ?? e ar%ﬁ?ﬁ b? §g caxf yeparates I { 6 the round
ahgmm gent s hntroduc

r RSB T §?’8 5 4oL A e areabiec, g feivel bigh
C{grap% rail\%ﬁp%rated urmg%? On% r{r?]cre%sﬁ h%realt}:dalsol'{ésldés%elst?n r}ggc?lsposa] of the

use

qugﬁ&g asHjsmnm:rle i ncreasing the 15 conplications
na ¢ ? usrng such specially configured rounds in

traditional 8 od 2L B DU e s of o morar

addltlon arrangenen 0 not "provi

or 4 O»{Qh‘?{%auer?.gipﬁgs mﬁ{)aég[ Eatu@n%?ﬁnh%ntoftﬂ%guﬁln%rtb Hoid ttﬁkero&}&rhgamst the

or forc onvectl on

c %Q:J:ehlp g%QJ she PHEr aye Ran rggget%‘ n'ﬂﬁ&bﬁcéjfcol;ngﬁcahaﬁée R RBistics, e.g.,

ore alr regu atl omnm system of the present

I rﬁéﬁ{b%h%nss%?{ Sard st G, %ddﬁ%ﬁa@%s%ﬁ& bmhténnmﬂam future rounds
art weapon systens, while additionally providing a

NBROP hir@ard s6lidted GiitR Gitenl) Sor lemrﬁsﬂeécﬁqoefdﬁl‘érb?s%§ Rtk increasing the

requiring handling by personnel and wi thout noving the
complications and cost of using such specially cenfigured rounds in traditional muzzle loading
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
gjecting a misfired round witheut requiting 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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msfired projectile into the nmagazi ne of the vehicle,

for clearing the gun tube of any residual 25 burning

enbers, and for convection cooling of the gun tube

when required by frequent firing. -3- The in bore air

regul ation system of the present invention holds the

round in proper position within the breech by creating

a | ow pressure vacuumin the bréech block, i.e

reduci ng t hdhprirbergey regrlatige smtf@eeﬁthblmmtbeveov@n holds the round in

atnospheric, so that the pressure differentia

cr SEpEoPositiar aHYinie breeeh [y sreating & owrraestye pecupmdn &g tagegh block, 1,

hel d agai nst the face of the breech block. 5 A val ve

i s TSR B st Eohnbtec tﬂ%ck. hﬂoeyr frt@raspbfms B that @é@ﬁessure differential
with a source_of vacuum Y prior to

t h gregied therebyswill causs ghedepnd I‘fbbel H‘ff‘@@ F’th}g‘? dgeaipgy éhetfi‘cé é‘E Hle 8{”?8‘5" block.

chanber is nalqtalned and the vacuum co ents are

pr ot ect ed f le }{Faﬁa}gi@ gpen ip Lonmect the jimderor | - bgeech with a source of

thou

ma in to dim soon. as
varom s TEmsdai bs e RBf M HEF £ s REER L ] brocch and
th und in osition durin
| e el B R aaR ey alo it LRGN Rt the ound i
th round. The in bore air regul ation systemof the
present i nvention achieves the attributes of enber

l car! 19,20 LAEGH EDNGE LA BOPLIORR 3 G50 L i co

connecti ng

10PO ﬁubrttlh \éﬁqo_ﬁ'[ggl?ﬂq Hf]f“retam A gﬁ\ﬁ] E)eia’spgémgér gésﬂ"glﬁ 'Eﬁmlé {8 @ﬁon interval of time
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scription o

paEJn!vé%UlevQ Eﬁﬁﬁaaﬂ%'% REMERGRE! Yhe 1\‘.' toW¥ A re@n%ﬂ@%'@em of the present

system having a ore air regulation s

2 inVenBioR Whievel thy afbKE0r Wcl@iﬁﬁ% E}Q%fcwCo\‘;\r@cWoPéooﬁﬂg by selectively

al ternate weapon system 20 havihg an in bore
r e&’ﬂh@hh@(ﬂe B248dhQ8h source of air under positive pressure through 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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Fig. 3is a partially broken away perspective view of

anot her weapon system having an in bore air

regul ation system Fig. 4 is a partially broken away

per spective view of yet another weapon system having

an in bore air regulation system -4- Fig. S5a is a
perspective view of a breech | oading gun having an in

bore air regulation systemin-a battery position.

Fig. 5b is Egperspepdripedtiveiviay of atoreclyinadin: gum hpying-pgy. in bore air
6a with the gun in a full recoil position. 5 Fig. 5c

| segulaipmuisteqn in ko bertery gositing t he breech bl ock used i n the

gun illustrated in Figs. 6a and 6b. Fig. 6a is

per spect i veFigi Bvis apersprativg vievs githe gy shope i Big; ﬁang{h the gun in 2 full
break away connection in the battery position where

t Hrecodippsiigist em i s in conmuni cation wth the breech

bl ock. 10 Fig. 6b is a perspective view o E %ﬁ " d4i
system il | u‘%ﬁ r3%tif AgiraHes BP@QQ“%HE)PT&eQbH]ﬁ@%TﬁC AP 1§ gugijlustrated m
recoi | p03|t|on where the air systemis disconnected

f riden $am@dPeech block. Fig. 7 is a schematic draw ng

of one enbodi nent of the present .i nventian

illustrati ang| f3 lsaﬁplfqrstgsclilesryletw 05 t}éeuﬁlr I‘ng?rﬂ lllustrafm%a break away

breech bl oc tilizi n a unidirection
© HOT AR B BRADSPHOPRAMES R Stgh o R A gHol L
m%guglly shiftable valve to a poppet 15 vaI ve in the

%C¢h bl ock. The manual val ve can be sel ectively

shifted to connect the pr.essure t €. < break
when the pddbe \fai‘ J’m?e% 5 Bt Corr b Gl b ACIRERALS g bresk avay

tr SU g‘geb?ﬂnd“ ?'éla e z53051 %n W e{eqlhe zapgrgt!érﬁ 19513&3191(3?{9@ I’rorklﬁ‘rae bgéé@h block.

8, of anot hPe]g. Nt gdéc%}}ilc oc{ravslnf of one embodiment of the present invention

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.



invention in which the poppet val ve comuni cates with
the breech through the side of the barrel 20 rather
t han being incorporated into the breech block. Fig. 9
is a schematic drawing, simlar to Fig. 9, of another
embodi nent of the invention in which a reversi bl e,
positive displacenent punp is connected directly to
the breech through the poppet val ve. -5- Fig. 10
schenat i c drEaslfds asthenabie ﬁ‘@W“’ér‘?ﬁWFWb%‘Fﬂeﬂ‘H@thﬁ invention illustrating
invention illustrating its application to a_gun haV|n%
a gisiagphirgtion et rswblha)w aﬁbdlemgresw He-karndermni e & reverst le, positive
positive displacenent punp. Fig. | | is a schematic
r eﬂ@@é@ﬂe@fﬁ’%‘w of the forces acti ng on a m)rt ar round
just 5 prior to firing when in an rﬁgg d iust
accor di ng tdﬁ$Hé‘b?@?@ﬁ?m'ﬁV@ﬁP?wﬂl F%ﬂm“gona'"mmr“mnju
Description of the Invention The [ es sent .invention is
Hi rreier @ dinpg Whep ipAn HEEeTREN 2 U‘Eé‘? POREPLPERYDr a
weapon system The in bore air regulation system of
the present invention is particularly suited for use
th reech I d'qgiﬂpapon systens such as the ML20
nor i e air regulation system not

onty ractll el et A0k, LAz ofth G Bd dif fe aam%&pma weapon

but al so ena unc I'oni ng roun e eas

gggsgﬁ %’Iﬁ 2 e glb%?ehar gu(?aufog @écwgf M@@t@ Ft 1§¥E§Bm g!urtlcdlﬁly Sﬁlted for use

OUSG alr ation sytemvvl

1061 w;fh@e%%h B];dzg ORYA %Q& !3' {31% such QHéﬂgﬁme mgrtzlr @ym eI'h@'u{ bore air regulation

regulation system en e weapon systemto be

or I ?s@{n? ngn‘MH&taw}%ﬂlﬁggﬁ%s ih@ atfﬂﬁlg @Mko‘ﬁ R altdGhables matfunctioning

ore air regulation Systemal so

0 pq{)lﬂﬁi?‘% bfe Rasy Qﬁ(gﬁl’e\& di&hi-add FonBE Qedpoh %Qéﬁldl ess of

ext erna actors such as nperature hum dity, dirt

and dust.  ApRLAGHIAE h’@rﬂliqu Bor@bir bd3BlatnRS &8 with Wi BipésUT conventional
is the in bore air regulation systemof the present

| Nv&iL Ofne RAkY-e ir ‘i’%ﬁ‘laﬂﬁi RlemOdnabIBehyReRRA sPYé @b Griented without

be significantly reduced
15 respect to the angle of the barrel. The in bore air regulation system also operates 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
20  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



conpared to conventional breech | oadi ng weapon systens

that utilize stub cases because the in 20 bore air

regul ati on systens do not use stub cases and stub case

ej ectors. Since stub cases are not required, it is

al so possible to use shorter magazines. Fig. | depicts

an in bore air regulation system 10 incorporated into

a weapon system 8. The weapon-&ystem 8 in this

enfien thesatong exbitowyrds the ﬁﬁﬂ@'@ R vd@w aggeech facatp gilegated, The bore 36
first end 32 and a second end 34. The gun barrel 30

hals agapsdteregave pwisdst herei n that extends -6- fromthe

second end 34 towards the first end 32 where .a bree

face 40 is Tercim bere arHeeuidion sygem 10 lad'aﬁ?ré'awilsaﬂf”ée*@ﬁw@e bore 36

a round 38. The_in bore air re ulatlon ste gﬂ gl
c othrAyeh Wl@ﬁeﬁfwwéaweéws% 4tfhf'ﬂt® Pf°‘531 Ef&’f‘@a‘f ¢ aperture
formed in a barrel . A val ve i's provided

pr BXPREIE! PRE b&ﬁeﬂ"trﬁwtm%syftfmt ig dﬁ?‘@ﬁ “the in bore

orefer abl 6 18 S%W@'%Enﬁ %*gwguab AR BRI Bon ) ¢f i bor ai
20 of the j t
po&eﬁlﬂwngﬁ%g ity dRerPeTHaEH G o pB[ iy yhen rine. The

an' Ii;]resg ﬁﬁ%neral-o? F)or?l on ZODIIE;] lelf’cﬁllil'lrmeunget r\\?‘ {h ]El% pprglrré Il?usuéD tube 24. The

nica OnWIt e aper ure

o ofrl_.]l fi'- %ﬁ rg{efaglﬁ l}aﬁ a?]roe ; eéo%ﬁét%‘ é?gt%hoa?g sirlljlgalrrm%gantéor{l%one that allows the tube
I 4 wh h
10 2 AW RenliEn bR 0t i s SR T e e ot TR i

bore air 1 egyl zag;%&ag?x&to@memgorm DegBaET SR8 2 scrow brecch

weapon syste mlar to the precedi ng

228 RehtU 68 Sve@pon®Yfem 122 includ
barranﬁg%nhgelﬁ%ﬁgpg£$€¥§%§ﬂgéﬁgﬁg|ng thefg¥ﬁrgu3n includes 2

t h bhﬁcl@?@ﬁ’atvﬁ'@ altBre 186 SltMRin3 tNeRltiRbugh I islalaplelitS receive a round 138.
odi nent, an aperture 112°is formed in a screw

br eech 118.1,AnN@m¥&Iimdm, shlPerlue PI20N fSIRRd ina §dnév BREAW 18. A valve
breech 118 to protect the in bore air regulation

15 SYBll6@iprdli@edinthd\@rewf brédcR ¥18 to protect the in bore air regulation system 110 during

Lh

firing.

Similar to the embodiment iflustrated 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.

20 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 is provided in the sliding wedge breech 218 to

25  protect the in bore air regulation system 210 during firing.
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Simlar to the enbodinment illustrated in Fig. 1, the

air pressure generation system 120 is connected to

the aperture 112 with a tube 124 having a sliding
configuration simlar to a tronbone. 20 Use of the in

bore air regulation system 210 with anot her weapon

system 222 is illustrated in Fig. 3. The weapon

system 222 includes a gun barret 230 with a bore 236

ext endi ng tAeret2R4 cerghcts hmsir pssactogeneadion systeae 320/t the aperture 212.
round 238. This enbodi nent utilizes a sliding wedge

bribe otbe peSrablinhaap eliding eonfigi@ation tiabis wierdtar tpnrrpmgorgl i di ng

wedge breech 218. A valve 216 is provided in the ) .
sli di ng wedydl nothet mburignan of I8 pyesentaiprentionorelates|jg mapunting the air
air regulation system 210 during firing. -7- A tube | .
2 Pesgn eraetatiomsysigin 32 behird the b@@%éﬂ & ef Heapyn eXsipm3EE. g5 dllustrated in
the aperture 212. The tube preferably has a sliding )
c&ﬁs-i‘guﬂaﬁwp‘tm@tﬂ%%’i iFidgs 4 gum barFeh B avingsp) ope 336 extending
anot her enbodi nent of the present invention relates to
nobgiethrReEh tha 1sadapted i Eeceiys 1B at i on syst em 320

eI 1E 250, 45 1 HERPED SUELA 8285088 v 1. Tt

includes a gun barrel 330 having a_ hore 336 extendi .

| 21 ST ThaE PG AR CO b0 U (B PISUNG PAFgRLTy ncludes
In this nb9%inent, an aperture 312 is provided in the
baFPEPISLte shS g corfigypiRs- 324 that connects the air

gner at | 32Q with t.h : :

o1 of o a5 T O EOR i ] RaEBEh W 500 intowich
af i tion. 10 Fi - D d 6a- : - :

" Rl aget o B FeRlin e el heBR0 b camed by
t L0 h ' ' on

\rgﬁﬁeué’lqg%ﬁy Sm:?srsno? t:l‘lg glgla%'lf}%g ncétaled;ﬁ%%%e gﬁlgouglﬁh }él?ﬁ?ﬁ?ygzhﬁnnecno 350,

s carri evatin
ang..Go t through a break away
cgﬂﬁéﬁ?ﬂ@%°§gﬁ%ﬁ“&ﬁﬁgﬁ{ﬁggﬁ%§¥ clearly illustrated in

Figs. 6a-6bp, breakaway connection 550 reduces 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 zir regulation system 510.
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The breakaway connection 550 reduces the nmass to be

absorbed by the gun's 15 recoil nechanism by all ow ng

the mass of the punp 520 to be attached to or

otherwi se carried by that portion of the weapon

system 500 that does not nove in recoil. Since very

| ow pressures differentials are involved and the flow

is relatively high, this connektion has negli

i mpact on tHe ysbewnihp apapst YRYsc0 imthgdreeghblogl gﬁék Hjsayplve 560 is
connection 550 may be a cone shaped nal e nenber 552

OTRRRY BT o6 ¥R SPOMBSHARBH 2 GiosSIgrosiBILIn AGrelbsintegity of he breech

engagabl e with a conpl epnentary_ shaped fenal e [ .
55"21!‘ ﬂ%?h?’@aerdﬁ meiaingd aud isieammed; f0-an opsR PRRRAR 11 rﬁ;ﬁgéﬁq ghamber is in
An C>r|naﬁgqmﬁg%:ce functloqépas a seal between the

t WS YRETHUPT® > the battery positi on
Usi ng such confl ration i cre ses a.cqntact
ar ea in the 6%%‘?1’3 rdtn E?G’e of vVal¥sdRe f%’f ﬁ‘é’a““ and intake

E)l on Ejrc:g% bélﬂ%%gnglﬁeé B’gﬁsg é}{% ]{?g]fe\?/ gull aBéO 1n n?n%né': !Bﬁ%lgi:ﬁhtly against a
(0]®

5 i s valve e npress
spfry e el Stont T i B8 o cm oy o
t th and the chanber is maintained

gﬁﬁéb Xﬁﬁe t%rgﬁ% pen position in which the chanber

s in commgq. 63} b@g,d%&anstmue/se@wghmaaomm?g% nsor the in bore

The poppet Vv Is simlar type o ves

u t [ u Nthe in bore air
eﬁagxﬁﬁglﬂgnoﬁﬁ%%% rlg%ﬁemf‘hx\?e ti\E}g SI@BD%IKHEQ%{(’)? . ée&ah:% the in bore a
ti n I ng 564,
by @??E{Fib#? : 9%‘2@8%ﬁé§ﬁ§“8§%&bﬂﬂ"ﬁ‘ﬁﬁzm may

be shifted-yeide SO })&ﬂ%%ﬁ' tHeQaIvE 8B R aBles 41t Bbe dfawhbut of or into the
provi de schematic illustrations of various

Cofbigghoat Woneakhdy tdiRedibn B4 Qs plerdily plo9Wed Bktweth the air pressure
system of the present invention. In particular, Fig. 7

dapdudiion HRRm 610 RS Be ﬁ]nrbaarn!‘l%gtl)lI ation system 610 using
the valve 620 with a single direction punp 624.

A sliding seal 640 is preferably provided between gun barrel 630 and the breech
642 to enable the breech 642 to be removed from the gun barrel 630. A vaive 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



Changi ng the position of the valve 620 enables air to

be drawn out of or into the barrel 630. A breakaway
connection 634 is preferably provided between the air
pressure regulation system 610 and the gun barre

630. 15 A sliding seal 640 is preferably provided

bet ween gun barrel 630 and the breech 642 to enable

the breech 642 to be renoved frfmthe gun barrel 630.

A wrefepdly @B0ided befwesni e dit pgssuterfesuhtion evsiepBl Otagd ghergap hargel 830. A
the in bore air generation system 610 fromthe bore
652Mg§ehispravided in theearsebiddo sparate thedn bee pif gepempiion yerm §i0 from the
in bore air regulation system 710 using a valve 720

wi Rope 852 whep Bringdherodnd 8¢t i on punp 724. Changing the

position of_the valve 720 air to be drawn out of,é or,K . .
into the HEgrH isppilar fo Wheeembadiment Blystated 18 g 3/ bytthe in bore air
preferably provided between the air_pressuyr . .
r JGRHIEEPD GHEIEY) b rirehS anir o I TP ot Sogekaway Gaprpgtion 934 is
750 js provided in the. barrel 730.to . s raje the i

D FEeahY POUHER SEPY G TSR PSR PSR O PRI B MR 950

erbod: mont 4 P P40 et Sevidhh Seieih B 53 gna e reech
é 29415 ?c’%elilmlg Eee ItahI% rl])re%ghséﬁ rp) el %mhpe%g:%%e I es gu_nré)_ea Ve ?2(? . 211? g%‘% 5@) is provided in

IT
away connecti on P

j .ai : l.aki .
DrB LA RELAERLLIR 1ol SRS HERHLTE ORI BT when e
10 1 Npd RERRLrel 830 to separate the in bore air

generation system 810 fromthe bore 852 when firing
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illustrate e in bore air
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reakaway connection 934 is preferably provi

belraeROPA BRinBloh tefIEPSH08 he Rl ek BXEERM 18 4R RRbsdclidhal area of
gun barrel 930. A sliding seal 940 is preferably
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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
20 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 o between the centerline of the guﬁ tube and horizontal is

sufficiently large, the force GA will be greater than the friction force F causing the round 10 to

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



the breech 942 to separate the in bore air generation
system 910 fromthe bore 952 when firing 10 the round
954. Fig. 11 schematically illustrates the forces
acting on the round. Force created by pressure is the
product of the pressure and the area on which the
pressure acts. Atnospheric pressure PA acting on t he
left end of the round creates a%orc
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e angle a between the centerline of t gun

t uh&nﬁ{@%mgﬂegﬂ{étdﬂjﬁr ﬁal withl drdafed £ 0kcd 1R wheh @dde@1t€ the force GA,

reater than the friction force F causing
10t PGl Q14Pthe Wl o B5a ERR e RELAGRITRAN KN L e face

reech Since the coefficient of sliding

friction -1Q; J@htidnGhd ReRl 8| RsehtBy Ghrv@M the BréRh dnbast the barrel.
t he coeff|C|ent of static friction, once the round

begihfRatte) thSbiebld it RodehAnd i ih %Q@,alﬂ fegititioh syseeisalkclivatddac draw the
way i nto engagenent with the face of the breech bl ock.

HoWGM@ hgaidBthk BRedhNgl € 0 is decreased, the axia
conponent GA of the force of gravity Gwll also

decr ease angudthgfofer ik ¢4 d@Mted @ fiR the Wiehgonispgengabe in bore air regulation
because the normal force GN 5 will also increase. As

158 GERTHER dRBGRIccRIM thi titaiogbfthobane! Wit 4 vaivee i theyrogndifalls to correctly
t he conponent GA
fire, the defective round may be ejected from 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 sject 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 o those of

ordinary skill.



will be insufficient to assure the round is in
engagenent with the face of the breech bl ock. Under
such circunstances, creating a vacuumin the breech,
i.e., reducing the pressure PBin the breech bl ock
bel ow at nospheric, will create a pressure differentia
on the round, which pressure differential will create
a net force, which when added to the force GA, 10
will urge the round into engagenent with the face of
the breech block. In operation, the round is inserted
through the breech end of theAigigel. Thereafter, the
breech is closed and the in"bore air regulation system
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ust b I's desi e meapon Sys em

the in bore a| ulatio temis nect
fromthe ih#&t ?ﬁr’gg?avﬂge gﬁﬁlreélfl aé/hatahsegog%'eg Oﬁ?relfl htgg gin
round faj|s to correct . fjre, the_ def ive round

may b‘@rré} 8t 2eBere formed fwe Frigpds @WPBE@ %‘hﬁt gad ron%e gpqond
into the barrel wth the in bore air regulation

syst ed; The force of the air is sufficiently high to

ej ect the round but |ow enough not to cause the round
to be fir exdbreech dispasechalenmbhet ssdordhend dfethe guebarrel, the breech
disclosed in this application, as well as those 20
descrhavég donopeheosibion andp mldsechpd)mim, ithecloorp ar thieesdcdmg end of
reference, can be m xed and matched to suit

par t i hbllgad beird QUESEEiIBIRAE Soad VR the HsundtwiRh thebliebdiciatin eiRsopen
and changes w Il be apparent to those of ordinary

ski | Iposfilet! M5 1. A weapon system for firing a round,

t he meapon systen1conpr|5|ng a gun barrel having a

first end gng b%resgi?g%@éaﬁf‘&ﬂ’s $Bfibh R BmdiGHbEith the

has a bore orned t ten rom-t I rst

%81% 11' ?e atlgnlr eys%grﬁ qn&%&ﬁﬁ%%ﬁglraﬁgyshret Ee%eratlon

system, a valve system and an air tube, the air pressure generation system

end t9 rt g

secon
mounted on a recoil-free portion of the weapon system, said air tube
connecting the air pressure generation system to the valve system and the

valve system in communication with the bore, the valve system independent

of the position of the round relative to the breech.

2. The weapon system of claim 1, wherein the in bore air regulation system is in

communication with the bore by means of an aperture defined in the gun barrel.

3. The weapon system of claim 1, wherein the in bore air regulation system is in

communication with the bore through the breech.

-11-



havi ng an open position and a cl osed position, the
bore at the second end of the gun barrel accessible
to | oading the round when the breech is in the open
position; an in bore air regulation systemoperably in
conmuni cation with the bore, the in bore air

regul ation systemincluding an air pressure generation
system a valve systemand an air tube, the air
pressure generation system nounted on a recoil-free
portion of the weapon system said air tube

gonnetid Weapoh Yydbh d?rc@ﬁﬁtur VHIRDE Bl SYRhEMIdcAvEY uidly
val ve systém and the val ve system i n conmuni cati oh

Mbibfds H3Gn 'B?lret%ﬁrexre?vgat\f eﬁb’é&ﬁ e lﬂ;‘?ﬁpe”de”t of the

position o e ative to the breech. 2. The
weapon systemof claim1l, wherein the in bore air
regul ation systemis in conmmunication with the bore
y ns_of an re, defined.i the un.barre
Py coRBRopt LR r Thgi s B A egIaEon, pystem
gul ation systemis_in connunlcatlon with the bore
ftefﬁcem%ﬁ deapes dsvagin in the bore andtigencratanamhoy pressure fn e hpie
1, wherein the valve systemselectively fluidly
i solates the in bore air regul ati on systemfromthe
bore. 5. The weapon systemof claim1l, wherein the in
kor e Hierweapgubystanonf elyist Brwhesah €wtainvta by isdhuidly uacompbad from
in the bore and generates an over pressure in the

dportion 6f thEveeap@bpBRnshat duts abt rb6il Whén thelvada ?mn sysken & fired
tube is fluidly uncoupled from a portion of the

WeRpas of ¥ biamwiiadond@®pnnot recoil when the weapon
systemis fired by nmeans of a breakaway connecti on.

7. The weapon systemof claim1l, wherein the air tube
is operably attached to

7. The weapon system of claim 1, wherein the air tube is operably attached to
the bore using a multi-piece trombone mechanism, so that the air tube extends and

compresses during the recoil movement.

8. A method of retaining a round in a breech loaded weapon system prior to
firing, the method comprising:
forming a gun barrel having a breech end and an opposed muzzle end
with a bore that extends from the breech end to the muzzle end,
operably attaching an in bore air regulation system to the weapon
system so that the in bore air regulation system is in communication with the
bore;
placing a round into the bore at the breech end;

12-




the bore using a nulti-piece tronbone nmechanism so
that the air tube extends and conpresses during the
recoil novenent. 8. A nethod of retaining a round in a
breech | oaded weapon systemprior to firing, the
met hod conprising: formng a gun barrel having a
breech end and an opposed nuzzle end wth a bore that
extends fromthe breech end to the nuzzle end,
operably attaching an in bore air regulation systemto
the weapon systemso that the in bore air regulation
system i s dcflyRRgNHE it Bére Qi 1obiBtidrEysteBPiRL ishihashiunication
round into the bore at the breech end; -12 activating
the i g Hethopd Betﬁv@ﬂ‘% ﬁfe'egpancti)’ b ¢8ndN8 mdiftainthe position of the
conmuni cation wth the bore between a breech gnd t he
roun b [ . pgsition of the round agai nst
t he g?é%%%ghgkgwggﬁhﬁfggting an in bore air regulation
system i di at el riaor to. firing the round framthe
neapon sy<IeasHvaEne dn s 3l tsRalich SYSEm ARITegiaely o to
ﬁﬁ b%re ai.r, regulation systemis in comunication

g the Fung $fomn ths ragen ¥8Hpert ure defined in the gun
barrel adjacent to the breech. 10. The net hod of
claim8, wherein the in bore air regulation systemis
in comunication with the bore through an aperture
Yef i nBe methadbefedeim (B, arherein the T doreerinodgwlatian aysterd is in
including selectively fluidly isolating the in bore
a@immurtiexgioh atitiothe Hpsd throuizh amapéreurb defenddyin nisapgen bdrred adjacent
val ve.
to the breech.

10.  The method of claim 8, wherein the in bore air regulation system is in

communication with the bore through an aperture defined in a breech plate.

11.  The method of claim 8, including selectively fluidly isolating the in bore air

regulation system from the bore by means of a valve.

12, The methed of claim 8, including selectively drawing a vacuum in the bore or

generating an over pressure in the bore by means of the in bore air regulation system.

13.  The method of claim 12, wherein the in bore regulation system includes an
air pressure generation system, a valve system and an air supply tube, the air

pressure generation system mounted to a portion of the weapon system that does not
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12. The nmethod of claim8, including selectively
drawi ng a vacuumin the bore or generating an over
pressure in the bore by neans of the in bore air
regul ati on system 13. The nmethod of claim 12,
wherein the in bore regulation systemincludes an air
pressure generation system a valve systemand an air
supply tube, the air pressure generation system
nounted to a portion of the weapon systemthat does
not -13 recoil when the weapon systemis fired, the
r

A0 BREDBA B Sh Al A6 £ JAEEAIsocrbon syt opertly
tube and alve )
it ari st Sa Ba Tt T e ity ES, S oGl g,
creating the VaCUUH1MAth the air pressure generation
systemto hold the round to the breech when the
prosed nmuzzl e end is bel ow the e|levatiopn of the

eechhecmgthed of k|3 incliding actuatmg the yalygi!A G Qpen position
claim 13, including fluidly uncoupling the air
mdaenting theyeasanmiwithnthe pispesssyre ganasatimrayptem tosholdse round to
weapon system that does recoil when the weapon system
the bfdeciewvhbry thvemppesedfmuzzter endiiaelgwdbmelevatiopref thecbrediheend of
met hod of claim 13, wherein the air supply tube is an
hxpandakdle tronbone tube for expansion and
conpression during recoil of the weapon system 17.
The method of claim8, including generating an over
pressure in the bore by neans of the in bore air

[goul fid %él-f&ﬁs bEMARd 14T Hicﬁﬂlrfgg Aufd®H e 1n%f6thE hr pressure

nmuzzl e f the gun barrel “by n¥ans o
é’en%faﬁoﬁ %?é‘férﬁ front portion of the weapon system that does recoil when the

weapon system is fired by means of a breakaway connection.

16.  The method of claiml3, wherein the air supply tube is an expandable

trombone tube for expansion and compression during recoil of the weapon system.
17.  The method of claim 8, including generating an over pressure in the bore by

means of the in bore air regulation system and urging the round out of the muzzle

end of the gun barrel by means of the overpressure.
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