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CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is related to U.S. Patent No. 8,307, issued on January 31, 2012,

the entire content of which is incorporated in pihesent document by reference.

BACKGROUND
[0002] This invention relates to mechanical self-operagpgng-loaded commercial
regulators for controlling gas pressure delivemgsBure regulators reduce and/or maintain
pressure levels to adjust gas pressure delivenyavange of flow demands.
[0003] The development and introduction of complex, corapabntrolled, operating
systems for gas consuming devices with rapid ctsbras put new and extreme demands
upon existing gas pressure regulators.
[0004] High efficiency, commercial boilers may use feasusach as pilotless electronic
ignition, snap-acting valves, forced suction of Gmstion air and fuel gas mixture, and fast
modulating fuel demands over wide ranges of flawquiring pressure response times of
fractions of second. Conventional gas pressurdatms may not have been designed to
accommodate these previously unforeseen presspense times.
[0005] However, conventional gas pressure regulators,iwtave effectively served in a
range of applications for the past 50 years or moay still be applied, even for these new
and challenging applications. This is in part dugheir ease of installation in tight quarters
and in multiple orientations, their simple intersalf-control, low maintenance design and

construction, long reliable service life, and eanical cost.



SUMMARY
[0006] In light of the problems noted above, it may beraéde to obtain a device which can
address in-service operational problems assocvaitacexisting gas supply regulators which
may not be able to respond quickly enough to comppeerating systems for gas consuming
devices.
[0007] A gas pressure regulator for regulating a presstiaegas system includes a first
chamber, a first diaphragm separating the firstrdbex into a first compartment and a second
compartment, and a second chamber also known addaan chamber, with a second
diaphragm separating the second chamber intoé¢bmpartment and a fourth
compartment. The fourth compartment is connectedrtd in communication with, the first
compartment of the first chamber. A movement offitst diaphragm causes a pressure
change in the first compartment. The movement effitist diaphragm also causes a
corresponding movement of the second diaphragnchaatges a volume of the fourth

compartment.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The characteristics and advantages of an exemg@mabpdiment are set out in more
detail in the following description, made with reface to the accompanying drawings.
[0009] Figure 1 is a schematic cross-sectional view cdsgessure regulator according to
an embodiment of the invention;
[0010] Figure 2 is a cross-sectional view of a gas pressegulator according to an
embodiment of the invention;
[0011] Figure 3 is a cross-sectional view of a first exampembodiment of a second

chamber connected to the spring tower of a gaspresegulator;



[0012] Figure 4 is a cross-sectional view of a first exampembodiment of a second
chamber connected to a gas pressure regulator;

[0013] Figure 5 is a cross-sectional view of a second gkamy embodiment of a second
chamber;

[0014] Figure 6 is a cross-sectional view of a third eximpembodiment of a second
chamber; and

[0015] Figures 7A and 7B are isometric views of some exam@mbodiments of a gas

pressure regulator with a second chamber.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0016] One object and feature of an exemplary embodimestribed herein is to provide a
chamber for improved response of pressure regslator
[0017] An exemplary embodiment of a second chamber ineseth® freedom of response of
the system, compared to the freedom of respondeegiressure regulator alone, and allows
the system to react more quickly to instantaneoessore changes. One advantage of an
exemplary second chamber described herein is thty &b improve the system response and
maintain stable operating conditions without ovang the vent lines, and incurring the
associated costs and required tuning of regulatdivanting mechanism components.
[0018] An exemplary second chamber according to the inwmerian be advantageously
sized to minimize the additional height required] atilize the existing space around the
pressure regulator spring tower. Another advantdglee exemplary second chamber
described herein is the ability to provide acceshié main spring via the safety cap, to set
the pressure levels.
[0019] An exemplary embodiment of a second chamber safglyoves the response of a

gas pressure regulator, especially for high flopacity commercial and industrial regulators



used for fast acting gas fired space and wateeheaAn exemplary embodiment of the
second chamber may also allow faster responsesajak pressure regulator to rapid changes
in pressure and flow demands, while maintaining said stable operation.

[0020] These and other objects, advantages, and featities exemplary second chamber
described herein will be apparent to one skillethmart from a consideration of this
specification, including the attached drawings.

[0021] A pressure regulator may be used to supply a gastady controlled pressure,
thereby controlling gas pressure delivery overmgesof flow demands. For example a
pressure regulator may meet a varying demand fldweb gas from burners, heaters, and
process equipment for an array of residential, cenoral, and industrial applications.

[0022] A pressure regulator, such as a mechanical setatpg spring-loaded pressure
regulator, may include gas flow controlling elensrat pressure responsive element, a
pressure reference element, and safety elements.

[0023] Referring to Fig. 1, an exemplary embodiment ofespure regulator includes a
chamber with a membrane or diaphragm 140 separtenghamber into a first compartment
120 and a second compartment 130. In a non-liméxanple, the second compartment is a
pressurized compartment, and the first compartmseart unpressurized or atmospheric side
compartment. The flexible diaphragm acts as a presgsponsive element, supported and
sealed at its perimeter, and coupled to a valve 180

[0024] A spring tower 110 encasing a spring 150 extendasitih the unpressurized
compartment, and is closed off by a safety cap T@6.spring and spring tower may provide
a pre-set spring force opposing the diaphragm.sHfety cap seals the case and ensures that
no gas escapes the pressure regulator in the elvarttiaphragm break. The safety cap also

allows for access to the spring for a set-pointisttipent by turning, thus moving downward



or upward, the internal threaded collar 155, witteatral opening 125. The movable valve
180, acts as a gas flow controlling element.

[0025] In operation, as the flow entering the pressureleggr from the supply pipe at the
inlet 10 increases, gas flows past the open valwethe second compartment 130 where
pressure increases and pushes the diaphragm 140dj@gainst the force applied by the
preset spring 150. As the diaphragm moves up, dhe\eventually closes off the second
compartment 130, preventing any further increaggaissure. When pressure in the second
compartment decreases, for example due to thedmand at the outlet increasing, the
force of the spring 150 pushes the valve 180 dakereby allowing flow from the inlet 10 to
enter the second compartment and increase theupeemzain. As the flow leaving the
pressure regulator through outlet 20 increasegribgsure in the second compartment
decreases, in turn letting the spring 150 push domwthe diaphragm 140 and opening the
valve 180.

[0026] As the flow entering the pressure regulator inaeathe pressure builds in the
second compartment, in turn moving the diaphragtagainst the spring 150 and closing
the valve 180. Accordingly, a nearly steady sugpBssure can be maintained, provided that
the pressure regulator is able to respond quiakbugh to the flow changes, in both opening
and closing directions. How quickly the regulatesponds to the flow changes depends in
part on the rate of change of pressure in the secompartment, i.e. how quickly the
pressure can be increased or decreased in thedseompartment. The rate of change of
pressure in the second compartment is furtheraelat the rate of change of pressure in the
first compartment, i.e. how quickly air in the ficompartment can be compressed or
released from the first compartment to accommottheteipward movement of the diaphragm
140, before the spring force returns the diaphrégmvalve-open position. In an exemplary

embodiment, as shown in Figure 1, a safety vebteather 165 is located in the first



compartment, and allows air from the first companitrto be vented into a discharge piping
system when the diaphragm moves up. Converselgniie diaphragm moves down,
breather air is drawn into the first compartmenotigh the safety vent 165. The safety vent
incorporates spring loaded two-way flappers andldoteed holes that provide for necessary
dampening stability of the diaphragm 140, duringragion of the pressure regulator. In an
emergency condition where the diaphragm 140 maturepgas escaping from the second
compartment 130 into the first compartment 12@ljrscted through safety vent 165 and the
connected piping system to a safe discharge latatis an additional safety feature, some
pressure regulators incorporate an internal ovesgure limiting relief valve, shown by
spring 160 which holds closed the diaphragm passigih valve 170. In the case of excess
pressure occurring in second compartment 130 ehdting force on diaphragm 140 could
over-come the combined closing forces of springsdrtd 160, opening valve 170, and
venting excess gas safely through the dischargeggystem as indicated on Figure 1 by
arrows 175.

[0027] Referring to Figure 2, an exemplary embodiment pffesssure regulator includes
elements similar to those of the simplified pressegulator of Figure 1.

[0028] In the exemplary embodiment of Figure 2, a preseegalator includes a first
chamber with a first membrane or diaphragm 240rsé¢ipg the chamber into a first
compartment 220, and a second compartment 230 éxemplary embodiment the flexible
diaphragm 240 may be supported and sealed atritagter, and coupled to a valve
mechanism 292. In an exemplary embodiment, theevalgchanism may be actuated by a
linkage mechanism 290, which moves as a functidgh@pressure at the outlet 21, which
communicates with second compartment 230 and thiesgonding underside of diaphragm

240.



[0029] In the exemplary embodiment of Figure 2, a vertycaktending spring tower 210
encases a spring 250, which extends through tsteciompartment 220, and is closed off by a
safety cap 200, augmented by a tamper evident merth&02. In an exemplary
embodiment, flow enters the pressure regulatortimcsecond compartment through the gas
inlet 11 and valve and orifice 295. A safety vemd &reather mechanism 260 is located in the
first compartment, allowing air from the first coarpment to be vented into a discharge
piping system when the diaphragm 240 moves up.

[0030] During operation, the air in the first compartm2860 of the regulator is either

pushed or pulled as the moving diaphragm 240 réadtee downstream flow characteristics.
In an exemplary embodiment, the volume of air presethe first compartment 220
exchanges slowly with ambient surrounding air tigilothe safety vent mechanism 260, and
through the associated gas discharge piping. Aaitifeow is forced in or out through the
safety vent passages, the air may work againstegygenerating resistance such as spring
loaded vent stabilizer flappers, and long pipimg4. The resistance resulting from the vent
and discharge system may limit the rate at whiclean exit or enter the first compartment,
effectively limiting the rate of change of pressiumreghe first compartment, and thus limiting
the response of the regulator to variations inqaes In an exemplary embodiment, when
gas flow demand increases rapidly at the outleaday pressure will occur in compartment
230, causing the spring 250 to push the diaphrag@d®dwnward. In an exemplary
embodiment, when air breathing in through the weathanism 260 is restricted, a vacuum is
drawn in the first compartment 220. This vacuunmvslthe response motion of diaphragm
240 and also slows movement of the connecting iakahich opens the valve and orifice
295. Thus resistance from the system may impaiathlity to meet a demand for increased

outlet flow as rapidly as desired.



[0031] In an exemplary embodiment, to improve the resptinse of a pressure regulator, it
may be possible to increase the pipe line size@aed to the safety vent 260 to allow for
faster breathing of the air in the first compartinéfowever, the safety vent diameter may
not be increased past a certain threshold in acdavoid flutter in the diaphragm. Changes to
the safety vent diameter may result in instabdityneffectiveness of the vent system.

[0032] Alternatively, it is possible to change the dampgrand tuning characteristics of
vent flappers and springs associated with the Meato also allow for faster breathing of the
air into the first compartment. These changesécsifstem may require expensive additional
piping or re-piping of existing installations or ynaeed to be accomplished at the regulator
factory, likely requiring multiple iterations fohé optimal tuning and to avoid instability at
particular operating flows and/or an increase gkiap pressure.

[0033] Leaving off the safety closure cap from the spadgstment tower allows air in the
unpressurized first compartment to freely exchamigie the atmosphere. However, while a
faster response can be obtained, this createsatity hazardous condition if noxious gas
can escape into an uncontrolled environment, sactueng emergency conditions.

[0034] In an exemplary embodiment, a second chamberyelsoed to as an add-on
chamber, may be added on to an existing regulgigures 7A and 7B show exemplary
embodiments of existing regulators with second diens

[0035] In an exemplary embodiment, the first chamber naaselra volume between 75 and
350 cubic inches. In a non-limiting example, thstfthamber may have a height between 1.5
and 3 inches. In an exemplary embodiment, therfiesthbrane may have an outer diameter
of 8 to 12 inches.

[0036] In an exemplary embodiment, the add-on chamberpr@ayde an additional space

for air exchanged with the regulator’s first contpsent to escape into or be drawn from. In a

non-limiting example, the second chamber may hawaume between 20 and 100 cubic



inches. In a non-limiting example, the second chamniiay have a height between 0.75
inches and 2 inches, and the second membrane mayahauter diameter of 6 to 8 inches.
In an exemplary embodiment, the membrane has mirffispace to flex and extend from a
neutral position toward the bottom or top of theas®l chamber.

[0037] As noted above, how quickly a regulator respondsuttet pressure changes, due to
downstream flow demand, depends in part on theofatbange of pressure in the second
compartment, i.e. how quickly the pressure cambeeased or decreased in the second
compartment. The rate of change of pressure isegbhend compartment is further related to
the rate of change of pressure in the first compant, i.e. how quickly air in the first
compartment can be drawn into or released fronfitstecompartment to accommodate the
movement of the first diaphragm 240 before themgpforce resulting from the spring 250
and the forces resulting from the diaphragm 24@rad out, leaving the valve 292 in an
equilibrium position. A safety vent may be locatedhe first compartment, allowing air
from the first compartment to be vented into aliggge piping system when the diaphragm
moves up, and allowing air to be drawn into thetfdompartment when the diaphragm
moves down.

[0038] In the exemplary embodiment of Figure 3, a secdrasnber includes a second
diaphragm 303. In this exemplary embodiment, arsgobhamber, also referred to as an add-
on chamber, may be delimited by a casing 305 arehaiplate 306. The diaphragm or
membrane 303 may seal and separate the second ehizmiaba third compartment 335 and a
fourth compartment 345. In an exemplary embodimpnngs 302 may be present on either
side of the diaphragm 303. Referring to the exerg@anbodiment shown in Figure 3,
changes to the outlet pressure of the gas regulathrce movement of the first diaphragm,
which in turn causes a corresponding movementesétond diaphragm and changes the

pressure in the first compartment at a first ratécty matches a second rate of pressure



change in the fourth compartment. In an exemplargaiment, the movement of the first
diaphragm causes a corresponding movement of tomdaliaphragm, with the second
diaphragm changing the volume of the fourth compant and the volume of the third
compartment. In a non-limiting example, the voluohéhe fourth compartment increases and
the volume of the third compartment decreasesn lal@rnative embodiment, the volume of
the fourth compartment decreases and the volurtteedhird compartment increases.

[0039] In this exemplary embodiment, the presence of ¢élsersd chamber allows air in the
first compartment to communicate with air in thertb compartment at a rate which is at
least equal to, and preferably higher than, aattehich air enters or exits the first
compartment via the vent breather system. In ampleey embodiment a first rate of mass
flow change in the first compartment may be eqaa second rate of mass flow change in
the fourth compartment, caused by the movemerteofitst diaphragm. In an exemplary
embodiment the first rate of mass flow change afitst compartment may be of the same
order of magnitude as a second rate of mass flamgdin the fourth compartment caused
by the movement of the first diaphragm.

[0040] In an exemplary embodiment, the second chamberhm@agaled by the safety cap
200 of the initial pressure regulator. In an exeanpkembodiment, an O-ring 308 may be
positioned between the casing 305 and the safet@@ to ensure the tightness of the seal.
Accordingly, in an exemplary embodiment, an exgsfnessure regulator, also referred to as
an off-the-shelf regulator can be modified by remgwhe safety cap from the spring tower,
by connecting the second chamber to the springrtaxt an adaptor 309, and by
repositioning the safety cap 200 to seal the aslyernmban exemplary embodiment, the O-
ring 308 and the safety cap 200 used may be elenfremb an original pressure regulator

being modified.
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[0041] In an exemplary embodiment, the second chamber®apnnected to the spring
tower 210 of an off-the-shelf pressure regulationjlar to the pressure regulator described
above, and shown in Figure 2. Figure 4 shows ampley embodiment of the second
chamber, connected to a pressure regulator.

[0042] In the exemplary embodiment of Figure 3, the ca8idig of the fourth compartment
345 may be gas pressure containing and structwgagiporting. In a non-limiting example,
this casing 305 may be connected and sealed oatirshcompartment of a pressure
regulator by an adaptor 309. In an exemplary embedt, the adaptor may use a screwed
fitting or another appropriate coupling means.

[0043] In an exemplary embodiment, the adaptor may bestlynoylindrical piece,
connecting the spring tower 210 and the casing BO&n exemplary embodiment a
protruding lip of the adaptor 311 may also pindo iplace the membrane 303 at its inner
diameter. At its outer diameter the membrane mayitehed between the vent plate 306 and
the casing 305, both elements being held togetheolis 304, thereby providing a seal 312.
In a non-limiting example the second membrane 388 have an outer diameter between 6
and 8 inches. In an exemplary embodiment, the adamy include air breathing openings
301, allowing air from the first compartment tovlanto the fourth compartment, and vice-
versa, when the first diaphragm moves.

[0044] In an exemplary embodiment, the area of the ainiogs located on the adaptor is at
least greater than the area of a smallest opemitvgelen the first and the fourth compartment.
The area of the air openings may be referred amasgpening flow area, opening surface area,
or opening area, all of which refer to the arethadugh holes present in the cross-section of
an exemplary embodiment. In an exemplary embodintlieatflow direction is substantially
perpendicular to a plane in which the openinggpaesent. In one embodiment, the smallest

opening is the opening 225 located at the centargplring adjustment button 255. In an
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exemplary embodiment, the area of opening 225215 §quare inches. In an exemplary
embodiment, opening 225 is sized to provide an @agent for a square drive tool which
allows for turning the spring adjustment button 2&%d for setting the outlet pressure.
[0045] In an exemplary embodiment the air openings locatethe adaptor have a
combined opening area between 0.25 square inclie.@rsquare inches, preferably 0.38
square inches. In an exemplary embodiment, thep&nings may be two holes with a
diameter of at least 0.4 inches. In an alternatieoghment, the air openings may be three or
four holes with a diameter of at least 0.4 inches.

[0046] In the exemplary embodiment of Figure 3, the tkeimcthpartment 335 of the second
chamber may be delimited by vent plate 306, ande¢eto ambient air. In a non-limiting
example, this third compartment 335 may be screanddrotected from the entry of
contaminants such as dirt, weather driven moisturaoving creatures such as insects, by
the vented plate 306. In an exemplary embodimearghawn in Figure 3, the vented plate
306 may include openings 316, which allow air &efy enter or exit the third compartment
335. In an exemplary embodiment, the vent holes Ineagovered by screens or meshes. In
an exemplary embodiment the vent holes may havmiawm cumulative flow area of 0.25
square inches, with a preferred cumulative flonaar£0.38 square inches. In an exemplary
embodiment, the vent holes may have a cumulatoxe firea which is at least equal to the
flow area of center opening 225. In an alternagingbodiment, the vent holes may be evenly
distributed over the vent plate. In yet anothegralitive embodiment, the vent holes may be
circular, with a maximum diameter of substanti@l§ inches. In an exemplary embodiment,
the vent holes may have a minimum cumulative flo@aavhich permits air breathing by
movement of the second membrane to the atmospdtdiee same flow rate as the rate of air
breathing through the air openings of the adapttoian exemplary embodiment, there may

be a slight gap 307 between the vent plate andutex surface of the spring tower 210.
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[0047] In a non-limiting example, the vent plate 306 mkpact as a support for the
flexible diaphragm 303, supporting the diaphragravoid a rupture at a maximum
emergency pressure of 25 psig. In an exemplary dimisnt, the vent plate 306 may be
made of aluminum. In an exemplary embodimentytre plate may be strong enough to
support the second diaphragm pushing against theplate with up to 25 psig. In an
exemplary embodiment, the maximum pressure whiolbeasupported by the second
diaphragm is at least 200 psi, significantly higtiem the 25 psig maximum emergency
pressure of the regulator.

[0048] In an exemplary embodiment, the membrane may betddraped. In an exemplary
embodiment, flexible membrane 303 may be suspemmdadeutral and mid-way position in
the add-on chamber. In a non-limiting embodimeppasing springs 302 may be used to
push lightly on each side of the membrane. In angtary embodiment, the springs 302
may be wire wound or made of a soft foam matelmahlternative embodiments other means
of restoring the membrane to its neutral positi@ayie used, including plastic or metal leaf
springs.

[0049] In another exemplary embodiment, the membranet3@8 may provide the

functions of one or both of these neutral positietarn springs 302, whereas the inherent
structure of the membrane may include means torrétie membrane to its neutral position,
such as concentric convolutions. In an exemplargaiment, the membrane is both strong
and flexible, with adequate dimensions. In an eamggembodiment, the membrane may be
an elastomeric membrane with molded concentric alotions, fiber re-enforced, thin and
flexible for optimum reaction, but very strong whamessurized and pushed against the vent
plate. In an exemplary embodiment, membrane 308baa wave diaphragm. In an
exemplary embodiment, the accuWAVE™ diaphragm, bwysed for the second

membrane. In an exemplary embodiment, the secomabmame may exceed the burst
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strength requirements for gas regulator applicatitman exemplary embodiment, the
second membrane may have over forty years of tifa gas meter on an average American
home installation.

[0050] In an exemplary embodiment, during operation ofgtessure regulator, the
membrane 303 may be pulled or pushed away froneitgral position both freely and
quickly. The reactiveness of the membrane 303 neague to its flexible nature, to the
presence of light springs 302, and to the ventate06 which allows air in the
atmospheric-side compartment to exchange easitytiwé ambient surroundings. In an
exemplary embodiment, as noted above, the memBG@henay be protected from rupture by
being backed up and supported by the casing 3@merside, and the vent plate 306 or
screen wire on another side.

[0051] In an exemplary embodiment, the volume of air imfihst compartment of the
pressure regulator may rapidly enter or exit thettocompartment of the second chamber,
instead of slowly entering or exiting via the ven¢ather system 260.

[0052] In an exemplary embodiment, the second chambewslibe regulator to safely
provide a more constant supply pressure duringiteahperiods when fast demand load
changes occur. In an exemplary embodiment, a sedwantdber permits the quick and direct
response of the regulator’'s moving parts to anidrpw and pressure demand changes
occurring in downstream piping, valving, and/or gaasuming equipment. An exemplary
embodiment of the second chamber allows for almatfénproved regulator response,
instead of simply exposing the regulator’s atmoslede to ambient air.

[0053] In an existing pressure regulator, in the everaroémergency relief of the internal
gas from the regulator, due to either valve danmadest diaphragm rupture, a gas may
escape to ambient surroundings. In an exemplarpdimant, the gas present in the pressure

regulator system may be toxic or harmful. In anneglary embodiment, in the event of an
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emergency relief, the flexible membrane 303 mayaiarthe gas within the fourth
compartment and the first compartment. In an exarg@mbodiment, the flexible membrane
303 may force the escaped gas to travel througletingred vent piping to a safe dispersion
location. In the event of a first diaphragm 240taue, an exemplary embodiment of the
second chamber may prevent direct outflow by dingdhe flow to the vent system 260.
[0054] Figures 5 and 6 show alternative embodiments etarsd chamber. Referring to
Figure 5, an alternate exemplary embodiment otarschamber is shown, and may be
connected to a spring tower 210 including a sp25@ by threads 415, or any other
connecting means.

[0055] In the exemplary embodiment of Figure 5, the addtmamber includes a casing 406,
with the outer diameter of the membrane which mayixeed by pinching between the casing
406 and the safety cap 400, and by having a sehlasian O-ring 414. In an exemplary
embodiment, the safety cap 400 can be threadedlomtcasing 406 by means such as
threads 413. The exemplary embodiment of Figuathér includes a second membrane
403, and screened vents 401. The fourth compartd#énis separated from the third
compartment 435 by the membrane 408e shape of this membrane is a cylindrical boot
with annular convolutions and end closed off nearthreads 415. In the exemplary
embodiment shown in Figure 5, breathing openingsalow air from the third compartment
to exchange freely with the atmosphere, when tisediaphragm moves and which causes
the membrane 403 to move. In this exemplary embedinthe openings 401 are screen
covered to prevent debris from the atmosphere ter ¢ime system.

[0056] In the exemplary embodiment of Figure 5, a tube &&S as a vent plate to prevent
the membrane 403 from moving too much or collapsiitout recovery, always allowing

the membrane 403 to return to a neutral positiomn exemplary embodiment, the tube 425
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may be made of a screen mesh or a perforated tilbenwltiple holes. The paths for air
movement are shown in Figure 5 by two-headed armwempartments 445 and 435.
[0057] In an exemplary embodiment, the membrane 403 al&msressure in the
regulator’s first compartment to quickly equalizghathe atmospheric pressure by moving
both axially and radially, in either direction. tims exemplary embodiment, no mass crosses
the membrane boundary. In the exemplary embodistewn in Figure 5, air in the first
compartment 220 communicates directly with therathe fourth compartment 445 through
the center hole 225 in the spring adjustment b2t

[0058] In an exemplary embodiment to access the adjustapeimtg 250, for example to
adjust the spring force, the add-on chamber dewi@g be removed as a whole by
unscrewing at threads 415.

[0059] Referring to Figure 6, an alternate exemplary ermbedt of a second chamber is
shown, and may be connected to a spring towerr&d0ding a spring 250, by threads or
similar means located on the adaptor 515. In tleengary embodiment of Figure 6, the
second chamber includes a casing 506, a membranalddg with restorative means 502,
such as springs or foam, and a vent plate 516.

[0060] In an exemplary embodiment, vent plate 516 may Wweeamesh or a perforated
plate, and provides a backup support for the mengoirathe event of over-pressurization.
Screened vent 501 prevents bugs and outside dafimisentering the third compartment 535.
In an exemplary embodiment, the orientation ofdtreened vent 501 may be configured to
best avoid elements such as rain, sleet, snownarfsam entering the system.

[0061] Because many possible embodiments may be made ofwntion without

departing from the scope thereof, it is to be usided that all matter herein set forth or
shown in the accompanying drawings is to be intggat as illustrative and not in a limiting

sense.
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CLAIMS

Claim 1: A gas pressure regulator for regulatimyessure of a gas system, the gas
pressure regulator comprising:

a first chamber;

a first diaphragm separating the first chamber anfwst compartment and a second
compartment;

a second chamber;

a second diaphragm separating the second chantbex third compartment and a
fourth compartment, the fourth compartment beingneeted to, and in communication with,
the first compartment of the first chamber; and

a movement of the first diaphragm causes a correpg movement of the second
diaphragm that changes a first volume of the foaaimpartment and a second volume of the

third compartment.

Claim 2: The gas pressure regulator of Claim Ith&mrcomprising:

a vent breather valve located in the first compartnthat exhausts air from the first
compartment into the surrounding atmosphere, avsledr into the first compartment from
the surrounding atmosphere,

wherein the vent breather valve exhausts or dravad ifrom the first compartment at
a maximum vent breather valve exhaust rate wheairgressure in the first compartment

reaches a predetermined threshold.

Claim 3: The gas pressure regulator of Claim Zh&mrcomprising:
a vertically extending adaptor connecting the fi@tpartment of the first chamber to

the fourth compartment of the second chamber,
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the adaptor including
a lower threaded vertical portion with a first auieameter,
a lip extending in a horizontal direction,
an upper threaded vertical portion with a secortéradiameter, and
at least one opening in the upper threaded vertimdion,
wherein the first outer diameter matches an inn@ndter of a vertically extending
portion of the first compartment, the second odtameter matches an inner diameter of the
second chamber, and an opening area of the atdeasipening is greater than an opening

area of a smallest opening between the first commeant and the fourth compartment.

Claim 4: The gas pressure regulator of Claim 3,reine
the at least one opening exchanges air betwedirsheompartment and the fourth

compartment at a rate greater than a maximum veather valve exhaust rate.

Claim 5: The gas pressure regulator of Claim 3,reine
the opening area of the at least one opening vedest 0.25 square inches and 0.6

square inches, the opening area preferably beB&<tuare inches.

Claim 6: The gas pressure regulator of Claim Xhfircomprising:

at least one spring connected to an upper surfate second diaphragm, and to an
upper surface of the second chamber; and

at least one spring connected to a lower surfatleeo$econd diaphragm, and to a

lower surface of the second chamber.
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Claim 7: The gas pressure regulator of Claim 3,reine

an inner diameter of the second diaphragm is sBcpimeched between a top surface
of the first compartment and the adaptor lip; and

an outer diameter of the second diaphragm is slqoireched by at least one fastener

between an upper surface of the second chambex batdlom surface of the second chamber.

Claim 8: The gas pressure regulator of Claim 1,reine

a distance measured along a surface of the secapldrdgm between the inner
diameter and the outer diameter of the second thgphis greater than a distance between
an outer diameter of the second chamber and an diateeter of the spring tower of the first

compartment.

Claim 9: The gas pressure regulator of Claim 6,reine
a lower horizontal vent plate of the second chanfibets the displacement of the

second diaphragm.

Claim 10: The gas pressure regulator of Claim Sreim:
a speed of movement of the second diaphragm isateguat least by a rigidity of the
second diaphragm and by a rigidity of the at least spring, and a rate of exchange of air

with the atmosphere through openings in the lovegizbntal vent plate.

Claim 11: The gas pressure regulator of Claim ah&r comprising:

a safety cap with a threaded radial portion matghie inner diameter of the second

compartment, and a horizontally extending lip pregslown on a sealing element, the safety
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cap seals the second chamber to the atmospherthesdfety cap can withstand pressures

of up to 25 psi.

Claim 12: The gas pressure regulator of Claim & second chamber comprising:

an upper shell with a first radial inner sectioseaond horizontal section, and a third
radial outer section; and

a lower annular horizontal plate,

wherein the first radial inner section is connedtethe upper threaded vertical
portion of the adaptor, and an inner diameter efithver annular horizontal plate is greater

than an outer diameter of the spring tower of tre¢ tompartment.

Claim 13: The gas pressure regulator of Claim I nein:
the lower annular horizontal plate includes airropgs in communication with the

atmosphere.

Claim 14: The system as claimed in claim 13, wirerei
the air openings have a minimum cumulative opeanmeg of 0.25 square inches, and

a preferred cumulative opening area of 0.38 squaies.

Claim 15: The system as claimed in claim 14, wirerei

the air openings are circular openings and arelgwstributed over the lower

annular horizontal plate.
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Claim 16: The gas pressure regulator of Claim lereim the movement of the second
diaphragm increases a first volume of the fourtimgartment and decreases a second volume

of the third compartment.

Claim 17: The gas pressure regulator of Claim lereim the movement of the second
diaphragm decreases a first volume of the fourthpartment and increases a second volume

of the third compartment.

Claim 18: A method for regulating a pressure oéa gystem with a gas pressure
regulator comprising:

mounting a regulator with a first chamber, a fdstphragm, a vent breather valve and
a safety cap on a pressurized system, the firphdégm separating the first chamber into a
first compartment and a second compartment, thebreather valve being located in the
first compartment and the safety cap sealing tis¢ fompartment;

removing the safety cap while the pressurized sys$eoperating;

connecting a second chamber to the first chamlaeaviadaptor, the second chamber
including a second diaphragm separating the seclbachber into a third compartment and a
fourth compartment, the fourth compartment beingnected to, and in communication with,
the first compartment;

replacing the safety cap above the second charaber;

operating the pressurized system,

wherein during operation of the pressurized syseemgpvement of the first
diaphragm causes a corresponding movement of tomdaliaphragm that changes a volume

of the fourth compartment.
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Claim 19: A method for regulating a pressure oéa gystem with a gas pressure
regulator comprising:

mounting a regulator with a first chamber and st filiaphragm, the first diaphragm
separating the first chamber into a first comparntaad a second compartment;

connecting a second chamber to the first chambersecond chamber including a
second diaphragm separating the second chambea thtod compartment and a fourth
compartment, the fourth compartment being conndcteaind in communication with, the
first compartment; and

operating the pressurized system,

wherein during operation of the pressurized syseempvement of the first
diaphragm causes a corresponding movement of tomdaliaphragm that changes a volume

of the fourth compartment.

22



