REGULATED GAS SUPPLY SYSTEM BACKGROUND ART [ 0001] Because snal |
pneumati cal |y operated devices require a supply of pressurized gas at

const ant ywoessuwse4escurrent technol ogy requires the use etraxb@snaisis anks or
conpressors in conjunction with a separate gas pressure regulator. In order
to supply the regulated gas to the device, either a hose is required from
the requl ated supply to the inlet port of the device, or the tank and

regul ator nmust be externally attached to the device. This requirenent
limts both usability and portability. [0002] For devices that only require
a small volunme of gas, a mniature, self-contained, regulated gas supply is
desired. Current high- pressure reuI ators are | ar and bul ky, and require
a means of attaching themBEGULATE 2 SURPL S Sag%rvmr Furt her,
current reservoirs thensel ves are too Iar e to be practical for use with
portable and small pneunaticall ﬁiﬁﬂé@%@&&i&ﬂem DI SCLOSURE OF THE

| NVENTI ON [ 0003] The present invention is a regul ated gas supply system

i ncor poi08@ilng Bedaigghsmrllepraunmatiendly apergtadadeyicen semirblaysupplyr efgpressitizegagas at
distributed froma pressurized gas reservoir. The systemis mniature and
sel f - cosvnsthmtepressurd, | qurients itetbnclogy megqubres thef useradlf| extereal ntabk< ak | spmppessas ed
devi ces. Furthernore, the regul ated gas supply can be designed to

faci |l it @nhmnctigi with £Epaeenme presdfurd tagnlgot iIn erdes ®esupply therregriaded gasdo thedbend, sh
the gas supply once the reservoir is depleted, and the gas reservoir is
easi |y ¢igpl £hdbghis wedulted) &dmatht esgubdddrgpplnmib itledinlet port of the device, or the tank and

regulator must be externally attached to the device. This requirement limits both usability and

portability.

[0002] For devices that only require a small volume of gas, a miniature, self-contained, regulated

gas supply is desired. Current high-pressure regulators are large 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.

DISCLOSURE OF THE INVENTION

[0003] 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

[0004] An apparatus embodying features of the claimed invention are depicted in the

accompanying drawing which form a portion of this disclosure and wherein:



BRI EF DESCRI PTI ON OF THE DRAW NG [ 0004] An apparatus enbodying features of
the clained invention are depicted in the acconpanying drawi ng which forma
portion okotbec4cisscl osure and wherei n:[0005] Figure 1 ipeTAisa@siossdiaal vi ew
of the regul ated gas supply system copprising a highpressure reservoir and
a bal anced regul ator assenbly including a piston and piston chamber; [0006]
Figure 2 is a sectional view of the regulated gas supply system as
|Ilgstraéed0i087i:i I%_ure 1, with the piston being forced proxi nate the chanber
seat; an _ igure 3 is_a sectional view of the requl ated .gas I
Syot emW0SE he Fighesob o & FkSR Siovg Sbds FEUMEN 16 WY ARG SPIPREGH S\BEE FOR
CARRYI NG QUT THE | NVENTI ON [ 0008] Referring to Figure 1, the ggs regul at ed
suppl y peysitenseroor ald atihtangrdasgrator assearhly BAUMEe ppIStand PBPD oPHBYYas

regul ated supply system 100 is a mniature and sel f-contained apparatus. In
parti cyods] t Feugad isregatianbucwnftioregyaedsassopply srtenas Thstsel/n Figye 1,
cartridge containing a pressurized reservoir 4 and a gas regul ating
assenbiwithZhe Iﬁiﬂpm:bmgﬁ)kceﬂlpmxithapﬂieshmbanﬁeaga@df romthe pressurized reservoir
4. [0009] Looking to Figure 2, the gas regulating assenbly 20 includes a

pi st on [@opPpsi Figuaedl id o saxtipha tview chtheroeulatd ghkeunplys systenBo] the predent inveptian on
flange 3a, and the piston 3 is housed in the piston chamber 6 with a spring
5. The ypidsh @firehagieilatér. i ncl udes a chanber seat 6a and an uppernost surface
6b opposite said chanber seat 6a, with a chanber wall 6c connecting the
chanber seat 6a and tBESTMEDATSHR CARRYDGG QT THE INVENTJON i s positioned
bet ween the piston flange 3a and the

[0008] Referring to Figure 1, the gas regulated supply system 100 of the present invention is

illustrated. The gas regulated supply system 100 is a miniature and self-contained apparatus. In
particular, the gas regulated supply system 100 includes a body 1 or cartridge containing a
pressurized reservoir 4 and a gas regulating assembly 20 to control the dispersion of gas from the
pressurized reservoir 4.

[0009] Looking to Figure 2, the gas regulating assembly 20 includes a piston 3 positioned ina
piston chamber 6. The piston 3 includes a piston flange 3a, and the piston 3 is housed in the piston
chamber 6 with a spring 5. The piston chamber 6 includes a chamber seat 6a and an uppermost
surface 6b opposite said chamber seat 6a, with a chamber wall 6¢ connecting the chamber seat 6a
and the uppermost surface 6b. The spring 5 is positioned between the piston flange 3a and the
chamber seat 6a (as shown in Figure 1). The force of the spring 5 will tend to push the piston 3
away from the chamber seat 6a, thereby allowing gas to flow from inlet passage 8 to piston channel
10, and then out of the body 1 through gas outlet 2.

[0010] Comparing Figures 1 and 2, as the pressure in the gas outlet 2 increases, pressure will also
increase in upper cavity 11 of the piston chamber 6. As the pressure in upper 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



chanber seat 6a (as shown in Figure 1). The force of the spring 5 will tend
to push the piston 3 away fromthe chanber seat 6a, thereby allow ng gas to
fl ow fronyponb&tospagssage 8 to piston channel 10, and themcouts2ak/osfses body 1
t hrough gas outlet 2. [0010] Conparing Figures 1 and 2, as the pressure in
the gas outlet 2 increases, pressure will also increase in upper cavity 11
of the piston chanber 6. As the pressure in upper cavity 11 increases, a
force devel ops on the piston 3 proportional to the pressure in upper cavity

11. This pressure in the upper cavity 11 offset f i
and whervughdhgpisien Jrellibe fpwgd gAYt ﬂ’&%@*}ttﬁﬁ (iefsﬁ?@ﬁakggwg’%’g erP?StP%E%B‘?tE %%2935’

wi Il be forced against the seat 6a (see Figure 2). \Wen_ the piston,3 ab
t he chelmpder scetfia, gistonsharmehl & iHA @re(m@ow Wﬁi abut H’)é LS i o‘hefsbioﬁP‘?lﬂ%Eo@fth‘?fhgt >
body 1, thereby blocking further gas flow fromthe gas reservoir 4 through
the pi gisdiovBfrorkictdas ravenveir 4tilireughi the pistor Rafitvehermoreoihe RISt thambrs 6CHRPIYSS | s
vented to the atnosphere through vent aperture 7, thus maintaining a

const attte speingtd Bnedniqd toethwedmospberal thioagh yemsaperiere ahdhist FEEIARPE @ PMeilddiur e.
[0011] In order to counteract the force of the high pressure against the
por t i ofel@fonttigbgrivednangdatediptssues and astoaplickly pesposed to the high pressure in
the gas reservoir 4, the present design further includes a secondary or

bal ancigy1rhambemedo thatterhs tiengmg efithe frighmeeseue agiinst the ppitonofi e pistn 3 that
particular, the piston 3 includes a piston body 3b and a piston extension

3c, Whey @hftaltiyTkpike@1d 00 HighHradsure hUBEes redevolrel; drdassyntatesigh &rthdr inpludes a
substantially snug connection. A secondary channel 12 is enployed in the

body 1.48n&RNBEGhladdly SRRBBAN DAL G By Yhd éndt Sthg distareS.ely articdlar, T s
secondary channel 12 allows the high-pressure gas to flow directly into the

:gggzggfs}’on BIR8Es DpisthRBodF 98 af a pRONRIxELAON 3c,aeteadn YRMA dRentibe 3¢ atgaies

ry chanber 9 1s equal to the area of the piston 3 that is constantly
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. T;his 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 chamber 9 is equal to the area of the piston 3 that is constantly
exposed to the same high-pressure gas. This arrangement 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 withdrawn during use, or
due to temperature changes in the gas, do not affect 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 increased, the regulated pressure is also increased; conversely, if the force of the spring 5 is
decreased, the regulated pressure is also decreased. Consequently, the user is able to determine the
gas pressure at the outlet 2 as desired for the particular purpose of the gas regulated supply system
100.
[0012] It is foreseen that the present gas regulated supply system 100 can be used in multiple

designs of pneumatically operated devices that require a portable supply of pressurized gas at

constant pressure for convenient operation of the particular device. In one embodiment, the gas



exposed to the sane hi gh-pressure gas. This arrangenent causes the piston 3
to be bal anced, so that changes in the pressure of the gas in the reservoir
4, such agowh&m4gas i s Wt hdrawn during use, or due to pemgBeakuwssishanges
in the gas, do not affect the regul ated 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 increased, the regul ated pressure is
al so increased; conversely, if the force of the spring 5 is decreased, the
regul ated pressure is al so decreased. Consequently, the user is able to

det er niregalatddesugply spsten 409 eoudd be pred aiith frpar sirgulaiers e siohcs thenelpsrpted oy,

pur pose of the gas regul ated supply system 100. [0012] It is_foreseen that
t he pr &mme 3gds thiegubalieehtsthp phsyregylate@ mppbosysigmldbis i OYidR the prees®Bsi gns
of pneunatically operated devices that require a portable supply of

pr essurgy edthgakesiatd woesssteaatel pnes that thefroleassorftbhicamet gasequdlel drviBfcontrad the
particul ar device. In one enbodi nent, the gasregul ated supply system 100
coul d Benulsted foabd df thid fireanneimiliator 30 beisg S0, asd tmaySurthes provideithd nesessary derce n
Figure 3. In this enbodi nent, the gas regul ated supply systemMl QO is able to
pr ovi deo IR tiefresmainulges3@foh fetdesparadnpr essure | evel such that the

rel ease of the gas at gas outlet 2 will control the sinmulated force of the
firear mgispul afiRs, 3osithge BAvebeeradidcritied payicilur dnftedinpmovifde frbsentievesear y
force to lock the firearmsinulator 30 fromfurther operation. [0013] Thus,

al t hougly otR& M4 havs RECDLATEDIGRSSUPRL Y SYATEM, anrRadi fmestied tht suble rqferement
invention of a new and useful REGUJULATED GAS SUPPLY SYSTEM it is not

i nt ended dhatued Us NinkiBlishenmasmbd ecdpe et ashedsor bitehtodd @B FortBNtE Tell@dape of
this invention except as set forth in the follow ng clainms. CLAI M5

claims.



What is clainmed is: 1. A gas supply systemfor distributing highly
pressurized gas formfroma gas reservoir at a desired pressure, said
syst em chaoatésasrzed by: a body having a gas inlet in ceemus:eabssmns W th
the gas reservoir and a gas outlet; asgas regul ating assenbly defined in
sai d body between said gas inlet and said gas outlet, said gas regulating
assenbly having a first end proximate said gas inlet and a second end
proximate said gas outlet; and a bal anci ng chanber defined in said body
proximate sai d second end of said gas requlating assenbly, said balancing
chamber being in conmmuni cati on mjthgﬂﬁﬁﬂgﬁs reservoir. 2. The regul ated gas
supply systemas defined in claim1 wherein said regul ator assenmbly is
characﬂ@hﬂzﬁdmnydl%.piston chanber defined in said body, said piston
chanber having an uppernost surface; a seat opposing said uppernost
surfacel. and gaschaplyeystowml|fbr distribeing gy prsperzadgts foun flinoe2 gatresavar seat ; a
pi ston slidably positioned in said piston chamber, said piston having a
plston(ﬁﬁaﬁgﬂgmmganggﬁmawﬁnmhahbébywaII; and a spring between said piston
flange and said seat, where said spring urges said piston flange away from
sai d seat. abody having a gas inlet in communication with the gas reservoir and a gas outlet;
a gas regulating assembly defined in said body between said gas inlet and said gas outlet, said
gas regulating assembly having a first end proximate said gas inlet and a second end proximate said
gas outlet; and
a balancing chamber defined in said body proximate said second end of said gas regulating
assembly, said balancing chamber being in communication with the gas reservoir.
2. The regulated gas supply system as defined in claim 1 wherein said regulator assembly is
characterized by:
a piston chamber defined in said body, said piston chamber 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, said piston having
a piston flange engaging said chamber wall; and
a spring between said piston flange and said seat, where said spring urges said piston flange
away from said seat.
3. The regulated gas supply system as defined in claim 1 wherein said piston is further

characterized by:

a piston body abutting said piston chamber; and



3. The regul ated gas supply systemas defined in claim1 wherein said
piston is further characterized by: a piston body abutting said piston
chanbe_r . WOQBodui43i4@N ext ensi on connected to said pistonpbed)s0ab®1Pi St on
ext ensi on abutting said bal anci ng chagber. 4. The regul ated gas supply
systemof claim1 further characterized by a vent aperture through said
body, said vent aperture proximate said spring. 5. A discrete gas regulator
for Flftrlbﬁting highlé Eressurized gas at a desired pressure, said
regul ator characterized by: a cartridge defining. a high-pressure .
reservoir amdistonestepsien epntesied dp syt Sisty g%‘fy ’ af‘gldapla@gi FSBF e@é‘ﬁg’g;ssaéf]nd a
gas regulating assenbly positioned within said cartridge between said gas
r eser vbrlan@ngicleiaibdr. gas outl et, said gas regul ating assenbly controlling the
pressure of the gas dispersed through said gas outlet from said gas
reservdir. Bhe fgghedmysipalyoystorof ¢laim i fyubdrharsteired byaesBlAncHEd thrgueh r om
a gas reservoir at a desired pressure, said gas regulator characterized by:
a housmﬂgbbaﬂmﬁgv@ngp@ﬂﬁmpnthuuiddSQ&&;output; a piston chanber positioned
bet ween said gas input and sad gas output in said housing, said piston
chanbers, haviAngisaetei gas tegalatdr dfoe diptribuiingpbighlyairebsgdzsdigapat a alngired pressemdsaid
surface proxi mate sai d gas out put;

regulator characterized by:

a cartridge defining a high-pressure gas reservoir and a gas outlet for dispersing gas at a
desired pressure; and

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.

6. A gas regulator for distributing highly pressurized gas from a gas reservoir at a desired
pressure, said gas regulator characterized by:

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 gas input and a second surface proximate said
gas output;

a secondary chamber proximate said second surface of said piston chamber, said secondary
chamber in communication with the gas reservoir;

a piston positioned in said piston chamber, said piston having a channel therethrough, and

a spring positioned between said piston and said first surface of said piston chamber.

7. The regulated gas supply system of claim 6 further characterized by a vent aperture through

said body, said vent aperture proximate said spring.



a secondary chamber proxinate said second surface of said piston chanber,
sai d secondary chanber in comunication with the gas reservoir; a piston

posi ti onegoioci@abdepi St on chanber, said piston havi ng apehanrbp@s037813

theret hrough, and a spring positioned7between said piston and said first
surface of said piston chanber. 7. The regul ated gas supply systemof claim
6 further characterized by a vent aperture through said body, said vent
aperture proxinmate said spring.8. The regulated gas supply system as
described in claim6 wherein said piston chanber is charagterize !
seat opposi Ate seutitedegrs riiPEY Sy HRB 28 slgerriked HupgiEp 6\haretp spifgfon ﬁﬁﬂ“blzeéd%nd
surface with said seat. 9. The regul ated gas supply system as described in
cl ai m 8hahaergied bg:ai d pi ston is characterized by: a piston body; a piston

fl ange abutting said piston body, said piston flange engagi ng said chamber
wal | ; and aapéas bgposiay gaie sdcabd pmfaextarddi ng from sai d piston body into the
secondary chamber. 10. The gas regul ating assenbly of claim9, wherein said
spring is pashdntened betveaenidetehdpusi@will aidgeatand sai d seat to urge said
pi ston flange away fromsaid seat. 11. A gas regulator for receiving a

hi ghl'y opr es gys tepalicgags Suppin Bstg@ss Seutkibal iarthididsyiidrdinsiid gistdnes gesactdrized
desired pressure, said regulator characterized by: a housing having an gas
inlet apd a gas outlet;

a piston body;

a piston flange abutting said piston body, said piston flange engaging said chamber wall; and

a piston augmentation extending from said piston body into the secondary chamber.

10.  The gas regulating assembly of claim 9, wherein said spring is positioned between said piston
flange and said seat to urge said piston flange away from said seat.

11. A gas regulator for receiving a highly pressurized gas from a gas source and distributing the
gas at a desired pressure, said regulator characterized by:

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 uppermost surface of said pi;ton
chamber, said secondary chamber connected with the gas source;

a piston slidably positioned in said piston chamber to engage said secondary chamber, said
piston including a piston channel; 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 piston chanber defined in said housing between said gas inlet and said
gas outlet;, a secondary chanber defined in said housing proxinmate said
upper nostweubfsaaeef sai d pi ston chanber, said secondar pcghgpignsgennect ed
with the gas source; a piston slidably positioned in said piston chanber to
engage sai d secondary chanber, said piston including a piston channel; and
bi asi ng neans for urging said piston flange away from said seat to regul ate
the pressure of the gas distributed through said gas outlet. 12. The gas
regul ator as described in claim 11, wherein said piston chanber conprises:
an upper nost chambegaeall canngeting ssisiipeemmyssurfacepfesifostt sur f ace, anda chanber
wal | connecting said uppernost surface with said seat; 13. The gas

regul atldr aghdegscegbigdr dsnlesdribpdinkclaimdd; tidpigenmehapsteriaed Bt zed by: a pi ston
body; a flange abutting said piston body and engagi ng said chanber wall;
and a pi st on pistéreegliypon ext endi ng from said pi ston body to engage said
secondary chanber. 14. The regul ator as described in claim1l1l, wherein said
bi asi ng neandlange sthaingciié pistombody aml eigagingsaid 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 is characterized as a

spring.



