1 0 REGULATED GAS SUPPLY SYSTEM FIELD OF THE | NVENTI ON The present
application is a continuation in part of co-pending U S. patent

application Ser. No. 10/631,944, filed on Jul. 31, 2003, entitled

"Regul ated Gas Supply System " DESCRI PTI ON OF PRI OR ART Because snal
pneumatical ly operated devices require a supply of pressurized gas at
constant pressure, current technology requires the use of external tanks or
conpressors in conjunction with a sepprate gas pressure regulator. In order
to supply the regulated gas to the device, either a hose is required from
the regulated supply to the inlet port of the device, or the tank and
regul at or nust be ext er naREGULATEECGAS SUPRLYSVYSYEMe. Thi s requirenent
limts both usability and portability. For devices that only require a
smal | volunme of gas, a mniature, self-contained, regulated gas supply is

desired. C#IE;f|§@jF-ﬂﬂggm\Em§§Nre regul ators are large and bul ky, and require

a neans of—é aching 0 a high-pressure gas reservoir. Further,
current t es gr r with
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mcorporat% - pressure gas regulator assenbly to regul ate gas

di stributed from a pressurl zed gas reservoir. The systemis mniature and
sel f-cont d ny nunmber of small pneunatically operated
devi ces. Fh L..c'f ORL(BFFEI%B'KR?I ated gas supply can be designed to
facilitate rapld relpl acenent of the entire assenbly in order to, replenish
the gas s eoteall preyimatisaliv,eparated d@é'ﬁﬁ%f@&'m@nﬂmﬁp%" ESUIERG 983 r i s

easily repﬁteqﬂn§wnww¢ssg@s cifrest teclnplgge rpayiees. thBRu%FObes‘@mabwtam eF THE
DRAW NG Arfoappessaisuld @W?Pfh%'\"tl‘\eatﬁﬁpé@t%fgaﬁ HhsessHEg rRaylaterv dntorder ke
depi ct ed isuppliéhe seguintedasd togthd davice,ithii 8 hoseisrrequirask frona fhe fegulated
di scl osur esugply tottke tﬂ'let:pormeGhe]deNse,aorslBettaldnarhd vagelataf musteba edernaled gas
suppl y sy sttedhebimophe slevige.arhis gpquirgmerddinnits bodis asabiity asah podatilityanced
regul ator assenbly including a piston and piston chanber; 2 FIG 2 is a
secti onal PForelavioés thae onbgrdquirech gaall solppleyofSyss, @mmigatuld, uelficabtathedn FI G
1, with theguatetogasbaipply fsotesmedp Carbmahighipressararditilatoreadre 1ar@ and
bulky, and require a means of attaching them to a high-pressure gas reservoir.
Further, current reservoirs themselves are too large to be practical for use with
portable and small pneumatically operated systems.

BRIEF SUMMARY OF THE INVENTION

The present invention is a regulated gas supply system incorporating a high-
pressure gas regulator assembly to regulate gas distributed from a pressurized gas
reservoir. The system is miniature and self-contained to fit inside any number of
small pneumatically operated devices. Furthermore, the regulated gas supply can
be designed to facilitate rapid replacement of the entire assembly in order to
replenish the gas supply once the reservoir is depleted, and the gas reservoir is
easily replenish with gas after being emptied.

BRIEF DESCRIPTION OF THE DRAWING

An apparatus embodying features of the claimed invention are depicted in the
accompanying drawing which form a portion of this disclosure and wherein:

FIG. 1 is a sectional view of the regulated gas supply system comprising a high-
pressure reservoir and a balanced regulator assembly including a piston and piston
chamber;



FIG 3 is a sectional view of the regulated gas supply system of the
present invention used in a firearmsimulator. DESCRI PTI ON OF THE
PREFERRED EMBODI MENT Referring to FIG 1, the gas regul ated supply system
100 of the present invention is illustrated. The gas regul ated supply
system 100 is a mniature and self-contained apparatus. In particular, the
gas regul ated supply system 100 i ncludes a body 1 or cartridge containing
a pressurized reservoir 4 and a gas rggul ating assenbly 20 to control the
di spersion of gas fromthe pressurized reservoir 4. Looking to FIG 2, the
gas regul ating assenbly 20 includes a piston 3 positioned in a piston
chanmber 6.FIGhe ipiasdettiordl vieal ofdde ragiatet @as sLipplg eystem aniflustfateddinskIGn 3 i's
housed in ihﬂtrpth‘étgjmoﬂbé’iﬁ%%rcéﬁw ke $HY ¢Haghber sddteadd st on chanber 6
i ncludes a chanber seat 6a and an upper nost surface 6b opposite said
chamber segp, Gis W dditiorhl q}wnﬁrthwebu@&dc@w%ewmyg@ﬁ\ ehapdgeseppt 6a and
t he Upperqﬂﬁﬁmﬁﬁnkéﬁﬁﬁgﬁear RenGiRoENG S Is”positioned between the piston

c

fl ange 3a an er seat ba (as shown in FIG 1). The force of the
spring 5 will tend to push the piston 3 away fromthe chanber seat 6a,
t hereby all .o sage 8 to piston channel 10,
and t hen otr et 2. Corrparing FIGS. 1 and 2,
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2). Wien the piston 3 abuts the chanber seat 6a, piston channel 10 within
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6 cont ai nihogsedan gerpistgn Shamberehwitlh & eprirge5. Biapisiwnethambler 6ungdiudasre
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further | FedWdRS cRarfB&ORGR16Y, Bierby aIWIRG o866 #RIV FomNflet Ipassage@paed by one
end of the,qhstRdhndt 10, %neé%ﬁéri 64t @Fthe bO&® PHrirbQdh dad dltletidles a piston  body 3b

and a piston extension 3c, wherein piston exten3|on 3c engages the
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gas reserv%bér cavity 11 increases, a force develops on the piston 3 proportional to the
pressure in upper cavity 11. This pressure in the upper cavity 11 offsets the force
of the spring 5, and when the pressure in the upper cavity 11 is great enough, the
piston 3 will be forced against the seat 6a (see FIG. 2). When the piston 3 abuts
the chamber seat 6a, piston channel 10 within the piston 3 will abut the body 1,
thereby blocking further gas flow from the gas reservoir 4 through the piston 3.
Furthermore, the piston chamber 6 containing the spring 5 is vented to the
atmosphere through vent aperture 7, thus maintaining a constant relationship
between regulated pressure and atmospheric pressure.

In order to counteract the force of the high pressure against the portion of the
piston 3 that is constantly exposed to the high pressure in the gas reservoir 4, the
present design further includes a secondary or balancing chamber 9 that is
engaged by one end of the piston 3. In particular, the piston 3 includes a piston
body 3b and a piston extension 3c, wherein piston extension 3c engages the
secondary chamber 9 in a substantially snug connection. A secondary channel 12 is
employed in the body 1 to connect the secondary chamber 9 with the gas reservoir
4. This secondary channel 12 allows the high-pressure gas to flow directly into the
secondary chamber 9. The area of the piston 3 acted upon by the gas in secondary



4. This secondary channel 12 allows the high-pressure gas to flow directly
into the secondary chanber 9. The area of the piston 3 acted upon by the
gas in secondary 3 0 chanber 9 is equal to the area of the piston 3 that is
constantly exposed to the sanme high-pressure gas. This arrangenent causes
the piston 3 to be balanced, so that changes in the pressure of the gas in
the reservoir 4, such as when gas is wthdrawn during use, or due to
tenperature changes in the gas, do noj caffect the regulated pressure at
the outlet port 2. The gas pressure at the outlet 2 is therefore
proportional to the force of the spring 5. If the force of spring 5 is

i ncreased, chhh®ef 998 lealigidoPthe e ©f itie PlsEdh B NRAtCI8SRAstafBNYGIcsEd Yo thd t he
force of tdme ﬁi@lﬁJpP&s@e'g?asdﬁlé%ﬁ%ﬁgemér‘i\:ecarug&uih%t[ﬁﬁo@B%% Salériced)

decr eased. i GORSfEE M ke ﬁJreLb‘feche 53R tBe tosdiiien s ih dhRnergabliessure at
the outl etyg, ig %ﬁhﬁg? fed B dbBdo ¢ rb&n‘r' Bharfdids ROBR g, B8 RoPafedt ol at ed

| |
zygfe)r/n % gl%'?o prek urésat e ﬁ?ﬁ%&e ! ‘%ﬁé Bﬁggs §su9éasdtrt‘ﬁ %&k@dz SréJIOIO y

il ARG
devi ces th 2 ?@e Bps §: ol et e .?qasf %rb& %9%3§ant
Lo

pressure f
§Cﬁ"- Syt & 668 ”%?8 thy 206,
erbod! TNty rsdzﬁ‘a ﬁ“eFP ﬁﬁaﬁ B OFHFS ol ai en

si mul at or & §b |s § hto ﬁg'nSn

the gas rer’ﬁq'%'faéd’ug?.?ﬁB éﬁgtiat@ sgpgmsgs ¢0 1|9 ovi de the necessary gas
at the desired pressure |level such that the release of the gas a

outl et 2 vilig forgsaenrthpt theePresenl) gaseteotEERE S¥RPlY AYstem 109y NS Penye dﬂ 30
bei ng shotmultiplg designagf Prieymalieallyminsiated devieesibalaeguirg a portelle supplvek t he
firearm sipressutizad 9as RF GaNStant pssuUrepfer LonwEIeNt Huperationt efothen pariwlar have
been descrdevied. farn¢ enbadimamnbotiengast @gdlﬁtﬁdw@inmesx&ﬁm 10QvaeHlidi b usgd a new
and usef ulWiREGEATERIMBASoBURD, YsusSagEMhei pneé sillusitatéchtienBiéd 3t Hat thisich

r ef er enceseniimdonent} theeghsasgulated tsapplgrsgstamolt ih@bkedoproddie the mecessagnt i on
except as gaetat thoe ddsired ptdssurk dévebsuahgthet thienrsleastOof thik 4hdvE das oltlgad véluppl y
syst em f orcoflirslt tHebsibiufgedifgrod Yof the Srdarnz setingater f30r beifig shota apasit maser voi r
at a desi rfgahd SH9dE &he hatebssySiord® ROIBEK itisd Aesar® fadigtonaB0 frgmafugther i nl et
in comunigpatdteA. Wi th the gas reservoir and a gas outlet; a gas regul ating
assenbly defined in said body between said gas inlet and said gas outlet,

sai d gas g%léﬁduga (AEBOERL Yoe2A VAcaEritRl parfiul R EnBSAHERBLS? thaipesaas i Nl et
and a secqRilnaBd of Bl JH GseRAIREGURATEY AASISUPPRY SYETEM! it &btIntenast ends
defini ng acﬂatagﬁcﬁ referéicRE BB construed as limitations upon the scope of this invention

except as set forth in the following claims.



positioned internediate said first end and said second end, said piston
sliding along a second axis parallel to or coaxial with said first axis;
and a bal anci ng chanber defined in said body proximate said second end of
said gas regul ating assenbly, said balancing chanber being in

comuni cation with the gas reservoir and engaged by said piston. 2. The
regul at ed gas supply systemas defined in claiml wherein said regulator
assenbly conprises: a piston chanber glefined in said body, said piston
chanber havi ng an uppernost surface; a seat opposing said uppernost
surface; and a chanber wall between said uppernost surface and said seat;
sai d pi stanAi®ei dably positioned in said piston chanber, said piston having
a piston flange engaging said chanber wall; and a spring between said

pi ston flange and said seat, where said spring urges said piston flange
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4. The regulated gas supply system of claim 2 further comprising a vent
aperture through said body, said vent aperture proximate said spring.

5. A discrete gas regulator for distributing highly pressurized gas at a desired
pressure, said regulator comprising: a cartridge defining a high-pressure gas
reservoir and a gas outlet for dispersing gas at a desired pressure; a gas regulating
assembly positioned within said cartridge between said gas reservoir and said gas
outlet, said gas regulating assembly controlling the pressure of the gas dispersed
through said gas outlet from said gas reservoir; a piston chamber defined in said
cartridge having an uppermost surface, a seat opposing said uppermost surface,
and a chamber wall between said uppermost surface and said seat; a piston
slidably positioned in said piston chamber; and a spring between said piston and
said seat, where said spring urges said piston away from said seat.

6. A gas regulator for distributing highly pressurized gas from a gas reservoir
at a desired pressure, said gas regulator comprising: a housing having a gas input
and a gas output; a piston chamber positioned between said gas input and sad gas
output in said housing, said piston chamber having a first surface proximate said



communi cation with the gas reservoir; a piston positioned in said piston
chanber, said piston having a channel therethrough, and a spring

positi oned between said piston and said first surface of said piston
chanber. 7. The regul ated gas supply systemof claim6 further conprising a
vent aperture through said body, said vent aperture proximate said spring.
8. The regul ated gas supply system as described in claim®6 wherein said

pi ston chanber conprises: a seat opppsing said second surface; and a
chanber wall between said second surface with said seat. 9. The regul ated
gas supply system as described in claim8 wherein said piston conprises: a
pi ston bodyas iyt #doa skionagsirfibelprdxigateadaitl pas batpuboslgecondary dpamben f1ange
engagi g spbmatasdie sedidld! surfabsl of @il Pistoh akkgnbt! sditl GBcahdhgNEHaRtbef irPm sai d
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regul ate the pressure of the gas distributed through said gas outlet. 12.
The gas r&gul atlde ragulaled ger seRPly Aysteniamdescribga & elrin §avhergin seid Riskeanber
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The gas r gugidrabody iato thesecorsiady chambleai m 12, said piston conprising: a

pi ston body; a flange abutting said piston body and engagi ng sai d chanber
wal | ; and 18. piTheogesercgalating rassentsiy @f reipirh r® wheedinl spidsspringlbis psitionehgage
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wher ei n sakegk. bi asi ng means conprises a spring.

11. A gas regulator for receiving a highly pressurized gas from a gas source and
distributing the gas at a desired pressure, said regulator comprising: a housing
having an gas inlet and a gas outlet; a piston chamber defined in said housing
between said gas inlet and said gas outlet; a secondary chamber defined in said
housing proximate said piston chamber, said secondary chamber connected with
the gas source; a piston slidably positioned in said piston chamber to engage said
secondary chamber; and biasing means for urging said piston flange away from
said seat to regulate the pressure of the gas distributed through said gas outlet.

12.  The gas regulator as described in claim 11, wherein said piston chamber
comprises: an uppermost surface, a seat opposing said uppermost surface, and a
chamber wall connecting said uppermost surface with said seat.

13.  The gas regulator as described in claim 12, said piston comprising: a piston
body; a flange abutting said piston body and engaging said chamber wall; and a
piston extension extending from said piston body to engage said secondary
chamber.

14.  The regulator as described in claim 11, wherein said biasing means
comprises a spring.



