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WD 2008/ 008308PCT/ US2007/ 015665 DEVI CE FOR REGULATI NG
PRESSURE FI ELD OF THE | NVENTI ON [ 0001] The present

WO 20080088880 rel ates generally to pressure regulBIT/G$2007/015665
within a system Mre particularly, the present
invention relates to a novel pressure 5 regulating
devi ce for such systens. BACKGROUND [ 0002] This
section is intended to introduce the reader to various
aspects of art that nmay be related to various aspects
of the present invention, which are 10 descri bed
and/ or cl ai IEVICE FORTRESULATING PRESSURE eved to
be hel pful in providing the reader with background
information to facilitate a better understandi ng of
the various aspects of the present invention.

FIRAS B mVﬁNﬁB&P' d be understood that these
0 be

statenents are t read in this light, and not as
adni ssions of prior art. 15 [0003] As will be
[0009]r ecThe present fipiantiongelades genarallyttorpressure regulation within a

g\ [
sydfiefl. Bl BaitEclory 1hR REG R IANRER Alitel ' A& sPEGsure
regulatinghdevice forssudfosystemtsance, oil and natural gas are

used for fuel in a wde variety of vehicles, such as
cars, airplanes, boats, and the like. Further, oil and
natural gas are frequently used to heat hones during
winter, to 20 generate electricity, and to manufacture
AGKGROMN L ng array of everyday products. [0004] In
order to neet the demand for these resources,

[0OD2]P2aNT IS seEtisN iSitended & ﬂﬂﬂtfduﬁéﬁﬁemm‘\farfddg?a%s of art

money searching for and extracting oil, natural gas,
that mpY, b selaterbteyariplisaspedts @f tae presant invension, which are

deS@idcandiol tiaiBabelok> IS disithsbRRAS Hefiebed % Beheipfiflin
el ow the surface of the earth, a drilling system
prayidieg teepeaderavithy backgroundrinfarmatisottotfacilitate aubetter

S t B0 Thodt b Gk VBl Rocorangl.
showd dwr wrderstoad-that thasshsteparments arediousereadiindhisalighty and not as
ad:%ss‘f&‘l?tgpﬁrril&sart.s uch as valves, that

[0003] As will be appreciated, supplies of oil and natural gas have a profound
effect on modern economies and civilizations. Devices and systems that depend
on oil and natural gas are ubiquitous. For instance, oil and natural gas are used
for fuel in a wide variety of vehicles, such as cars, airplanes, boats, and the like.
Further, oil and natural gas are frequently used to heat homes during winter, to
generate electricity, and to manufacture an astonishing array of everyday
products.

[0004] In order to meet the demand for these resources, companies often
spend a_signiﬁcant amount of time and money searching for and extracting oil,
natural gas, and other subterranean resources from the earth. Particularly, once a
desired resource is discovered below the surface of the earth, a drilling system is
often employed to access and extract the resource. These drilling systems may
be located onshore or offshore depending on the location of a desired resource.
Further, such systems include a wide array of components, such as valves, that
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WD 2008/ 008308PCT/ US2007/ 015665 control drilling or
extraction operations. Oten, sone of these conponents
WOL008/08308r ol | ed t hrough pressure variation, sPEAEZ007/015665
that provided by a hydraulic control system [0005] In
some such systens, a hydraulic pressure regulator is
used to provide 5 a fluid at a regul ated pressure to
downst ream conponents, such as sol enoid val ves. One

common type of hydraulic pressure regulator has a
control piston that noves back and forth to open and

~ contriobdellingtdr evdrzutipnoperations] ©fteh, porrissofthebd @omponents are

cor R T SR o R SR o b Sautc conrs

systathire drilling system nmay depend on proper operati on
of the 10 hydraulic pressure regul ator,

BB P ST B, R B Bt o prove

a ﬂmu@wfegulﬁeutmmumarumr@m RBErRENtS; Sstﬁ'!mbé’%@l@noud
in a.subsea application, haltin roductlonfromt e

valvess | QREOPEENLYRe Of huﬁa%#mreﬁgw yiator Bas pastrokRiston
thabﬁtd%étbaéw atd fort S errahe cloke tB&ﬂQﬁ]p ply’ Sbﬁs iahdvent ports of

need, therefore, for a pressure regul ator

the segylatrrdniraepensetp mfzﬂnmu@go{ Bresfug e:gthun tlm eegulator. As
the%ﬁ&idhdll of &9 ﬁFé’Bnmﬁ syBfefi Wdéﬁme&k&n ﬂ)r'oéer operation of the

0 [ 0007 Certa n‘aspects co nsur-at
hvdgewp;épwswre reowatogi ihis agnerally desirabledoteroplayra peassure

regﬁ%énf‘lthgﬂé’%th'duréﬂtwéﬁd QSn#iﬂg? ﬁétcﬂgegég?rﬁ RP&%?:?%. Further, when

S are presen ner e
suchia regulatqms emnlm%ma subseazappﬁ-tum thadtinghproduiction from the

oyt o2 PR B T B o i) ©

undesirabte.on nay enconpass a variety of aspects that may
25 not be set forth below. [00081 Enbodi nents of the

se ' t ress
10085F"Thetd \¥8iead, SRIEKRE: or Hn B Sul T Y bt
increaget sensitivity 4o ichanges irc pressaseiwithirethe sigulatos lhdgmredsed
rehé@@ use in controlling conponents of a drilling
em In one enbodi nent, the exenplary pressure
regul ator has a plurality of 30 internal pistons,
i ncluding two pistons that operate independently of
one anot her

SUMMARY

[0007]) Certain aspects commensurate in scope with the originally claimed
invention are set forth below. It should be understood that these aspects are
presented merely to provide the reader with a brief summary of certain forms the
invention might take and that these aspects are not intended to limit the scope of

the invention. Indeed, the invention may encompass a variety of aspects that may
not be set forth below.

[0008] Embodiments of the present invention generally relate to a novel
pressure regulator. In certain embodiments, the pressure regulator is a hydraulic
pressure regulator configured for use in controlling components of a drilling
system. In one embodiment, the exemplary pressure regulator has a plurality of
internal pistons, including two pistons that operate independently of one another
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WD 2008/ 008308PCT/ US2007/ 015665 t o open and cl ose
respective ports of the regulator. In another
WO B#8nt, the pressure regul ator includes Z&T/US2007/015665

i nt ernal danplng feature for enhancing stability of
the pressure regulator. In an additional enbodi nent,
the pressure regul ator includes a seal plate having an
aperture that is partially shaped in accordance 5 with
the geonetry of a respective portion of a mating sea
ring. In yet another enbodi nment, the pressure

to opegdmal closewyspettivedsorts bﬂh@u%gutawﬁl Iroaisthep bmﬁﬁdnment the
nechani sm t hat. al | ows, ?t nment ip the tam)un
preqRurG TRG AT BCLEs ARInSng! SERING Thatire (o RBNgReke Ftabilty of

the pRiBEURE Peglilatat. [1AZH mltuﬁﬂal%rhhééﬁnémpihé ﬁﬂas%ure regulator
substantial .rotational force to _the |oad spring. I'n

includes g Seal platehaving an peepuea thatds P@&éﬁ'h(t%hapfé lnraqceawoe
withAtheagishatry of fa%shﬁ@&ﬁdé“ﬁoﬁﬂﬁtéfoé it é’éihngf C]ﬁ Mbﬁot er

body of the pressure regul ator, roug
emb%l@e@t JBgAraseureegplatonmay; nnclmg q)tquafredu@gglammtment

meéﬁ%rfuélﬂsth @fhﬂ@%’uﬁepk irfiheSmoBht 8f b3 ? nBce applied to a

undesira romthe separa
pistog @nthlm)ﬂm pmme negulstasibyt & éogd esmg wntlmuhapplylnmq substantial

ol o e Bl T S0 bl i bffsure reguiaor
incifides an@ppasatus fabvestinghgoetrolfluid mut ef atrmain badwaf theypressure
rea B8 trofioh o GerthiE 3R, {4 € 35 batate el b8 egiire
regn]lhtm‘etorﬂenfshrmmamd, liplidis, !mrmheﬁmsémmsn'ab!eemasénals from
the 5BPRIAIE ottt AT SHBAERANS of it prdssint yeationgpay also
inclode earbus kombihatidrisbfedabnfosmoted aBovdy be

i ncorporated into any of the above-described aspects

0By " P A< et 350§ B B Btton o
varioos pspeffsamﬂ me?sr?ﬁentt ingentimle Funhbhfémute%hmayw be

S O e es I nven 0 out
incctPArAiad i e YaHiows SeeRate ssupelly Thare ineBenssand additional
featDF&Ra?Té@{ |%W%II?%‘M’I e d&ﬂﬁ%tlbrhesﬁoﬁiﬁ%tﬁdée Warious

f eat ur es, Bects and_advant ages of the present

featifa Aiscussed Peiove iniaiatian 1.one dl anaeidhailistiated embodiments

may BE linsrparstel antoashysrthel éﬁd@dé&ﬁﬁ&ﬂa&bééﬁs P tife BRSSeNt
to the acconpanying draw ngs in which |ike characters

inventionaalane or i any gombipationgAgain.the brles sumysarypresented above
is inthdEP 8nfYAB3a R 2 Re0E5aLP G certain aspects and contexts of the

present invention without limitation to the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and other features, aspects, and advantages of the present
invention will become better understood when the following detailed description is
read with reference to the accompanying drawings in which like characters
represent like parts throughout the drawings, wherein:
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[0011] FIG 1 is a block diagrain of an exenplary
resource extraction system having a pressure regul ator
WO 20080008¥8dance with one enbodi nent of the pre®€EFUS2007/015665
i nvention; [0012] FIG 2 is a perspective view of
an exenplary pressure regulator in 5 accordance with
one enbodi nent of the present invention; [0013]FIG 3
is a cross-sectional view of the pressure regul ator of
FIG 2, illustrating exenplary internal conponents of

the pressure regulator in accordance with one

[OOMPOdIF'IBmI i9h Blbek Bipai of eih/éﬁél'n?ﬂary [r883dhic! éxtrattivh system

axi al cross-sectjonal view of ressure
a"l‘%alPJFE?“’GFEPP@O'W@C%'EQEW@ ang en@oemm @i the present
invéfifgri;onal view of the pressure regulator of FIG 3
i ncl uding two internal pistons in accordance with one

[ of the present invention; [0016]FIG 6 is
10037y 1618 215 prReTSeBENE W 9 amesemplary fressurewregulstor in
acobﬁﬁﬂé& ﬁitthnelé:\'ﬁbgd:rﬁent' 6f|tHétp’ré§éﬁt9nP&ﬁ|6d .0si ng of

supply ports of the pressure regulator In accordance
nbodi nent o resent invention
100%1)17%35 5 3 %roa'f‘rssaﬁ?@q“&@w ol dhe PresEure cegulaer of G- 2,
illustfatirRfeRurRpRIFY MteATH 'oéfg%b’ orféhts bﬁhe'ﬂprésbuési?é éﬁ@ lﬂ B&cordance

opening of vent ports the pressure regul ator
with, ppemBbedmant of Jie Pesaesdinkantion; the present
invention; 20 [0018]FIG 8 is a perspective view of an

[0083E P IRGY 4568 DA Gosk-sbBEOMAINESNIST the pressure regulator of FIG.
3;

[0015] FiG. 5is a detailed sectional view of the pressure regulator of FIG. 3
including two internal pistons in accordance with one embodiment of the present
invention;

[0016] FIG. 6 is another detailed sectional view of the pressure regulator of
FIG. 3, illustrating the closing of supply ports of the pressure regulator in
accordance with one embodiment of the present invention;

[0017] FiIG. 7 is an additional detailed sectional view of the pressure regulator
of FIG. 3, illustrating the opening of vent ports of the pressure regulator in
accordance with one embodiment of the present invention;

[0018] FiG. 8 is a perspective view of an exemplary seal plate of the pressure
regulator of FIG. 3 in accordance with one embodiment of the present invention;

[0019] FIG. 9 is a sectional view of the exemplary seal plate of FIG. 8;

[0020] FIG. 10 is a detailed sectional view of the pressure regulator of FIG. 3,
iMustrating a damping feature disposed within the pressure regulator in
accordance with one embodiment of the present invention;
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regulator of FIG 3 in accordance wth one enbodi nent

of the present invention; [0019]FIG 9 is a sectional
WO0,2008/008308t he exenpl ary seal plate of FIG 8; [PSTAG2P7E@15665

10 is a detailed sectional view of the pressure

regul ator of FIG 3, illustrating a danping

feature di sposed within the pressure regulator in 25

accordance with one enbodi ment of the present

i nvention; WD 2008/ 008308PCT1US2007/ 015665 [0021] FI G

11 is a detailed sectional view of the pressure

[oozgpul FIG! 19ls &ldetaifed sbétibHal AW ef the HrRdsard ttflilator of Fie. s,

ust nent. nechani smin accordance with one erbodi nent
'"us(&'lat'ﬂaé Ioadspring adivgtment mgshanisopin aguordance withone

emﬁé&lﬁ%‘n‘i %‘Htgé’ﬁl%sewt fWertionNaRgePl ary pressure

regul at or avi ng an apparatus for flushing a spring
chanmber within the pressure regul ator in accordance

loom h GHa. Bafoaicress-sestional viaveskan exemplanopressemeregutator
mbBﬁb%ﬁorSﬁEﬂlﬁ%? WM& withitrthe %SQP é'%gﬁlator in

speci f1 c_enbodi nents esent 1 nventiaon
accgedancenuith pee smbedimgntafibe presamﬂmru@ra conci se
description of these 10 enbodi nents, all features of

DETAILED ESCRIPTIONIOF | Sﬁemweuwnmémé’ed in the

specification. It should be appreciated that in the
vel gprment of an uch actual inplenentation, as in
o5 bo

& UTPFR, SBRCilie Srabodimenis of the present invention will be

deschBeg B! irPBn B {0 SrolRfd & 'ceﬁézs@d"éschﬁtiﬂﬁ‘ﬂﬁ thése
achi eve the devel opers' specific goals, such

embogimants,@ll fsptures of anpetupbimpiementasion meysnothedessribed in

the specification. It should be appreciated that in the development of any such
actual implementation, as in any engineering or design project, numerous
implementation-specific decisions must be made to achieve the developers’
specific goals, such as compliance with system-related and business-related
constraints, which may vary from one implementation to another. Moreover, it
should be appreciated that such a development effort might be complex and time
consuming, but would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill having the benefit of this
disclosure.

[0024] When introducing elements of various embodiments of the present
invention, the articles “a,” “an,” “the,” and “said” are intended to mean that there
are one or more of the elements. The terms “comprising,” “including,” and
“having” are intended to be inclusive and mean that there may be additional
elements other than the listed elements. Moreover, the use of “top,” “bottom,”
“above,” “below,” and variations of these terms is made for convenience, hut does
not require any particular orientation of the components.

[0025] Turning now to the present figures, an exemplary drilling system 10 is
illustrated in FIG. 1 in accordance with one embodiment of the present invention.
Notably, the exemplary system 10 facilitates extraction of a resource, such as oil
or natural gas, from a weli 12. The exemplary system 10 includes a variety of
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15 constraints, which may vary from one inpl enmentation

to another. Moreover, it should be appreciated that
WO2008/00830evel opment effort mght be conpl ex aR§TYSIO7015665

consum ng, but woul d neverthel ess be a routine

undert aki ng of design, fabrication, and manufacture

for those of ordinary skill having the benefit of this

di scl osure. 20 [0024] Wen introducing el enents of

vari ous enbodinents of Ihe present i nvention, the

articles "a," "an," "the," and "said" are intended to
equitnent, h@éluahgrsurfadé %Iﬂrﬁfenﬁﬂ?n%r écﬁm ﬁ%e&{mret %ndﬂisck
udi n avin

cquRmaEt 1 O e aniAs the s oo wol dada o awglibead 20. The
exeﬁﬂ:ﬂéw Seme) & R4y Be %H}ﬂéyé& H'Ea R/Qﬁeh} @ﬁilﬁ% %'i‘%&lréctlon

Mor eover, the use of
appligatieng, ln@lﬁdln@mnshqrg mdcﬂffahm,e: e. esubseas. drdm applications. In

one“$Ubsed H g ncfa%"SH'fr%Og\@-f éﬁ‘éﬁp gjlé’rﬁ)t 14 is mounted

orlentatlon O conponent's

‘to adfdlupg dgahovie tyarwamfdhe wtar,\thestack equipyserdm8lie coupled

o thS S el fie o o P IAE R bRt 14 anc 16
is ceupleg! tarognesgaother Via fheciidertexjuisment 18cti on of a
resource, such as oil 30 or natural gas, froma well

1003} 1 A5 HECaPbb SRl o ettt ot el fiuad® variety

of mwmcbqystprrm&umh asrpunps qnpwq:mmppl[es cabl$ andibkse reels,

confil LIS el h afibhi’ Soseider. ABgafR e By, 15 ey

eqdnpmenpﬂaymly atscaineiudecd yadétydsfidompishents Gmicrl'ﬂas lnsér joints, fill

| icat [ udin shore and, of f
vahBh el s, ri o Hie sl REneeratiie tBnsdugss to akie but a few.
The mmﬂpmt atstfacmgaele :trlaﬂatmﬁlon ohthe uﬂract@d&%bam%rﬂof the

S un oa drilling ri sur e o
surtage SRuid epent ﬂé famdhe s 'ﬁ)‘g%?'%fg? 18 ansﬂ@weeweﬁ t he
wel | head 20 proxi mate the sea floor, and the various
[0027)i pThetstddk @qdiphlents1 & alsplincuties eneurmber bﬁ&oh‘ip@nbhfs such

b d
s BUaHpUE BTS20 PIRPURBIT  C iSRS Ciges oy xiracting the
desifedireecuRRrGMhe Thel 4RI DG ana WEHE IR 1O URDbiSce
capbl e

5? [(eel s, .cont rf)é V diverter,
equipmgnt 14 2 HPhgdiser sciyinment tnqrp'reoﬁqnw lystrated o
emwm%pé@tlﬁﬁbﬁhé %téd]@éq{ﬂﬁm%nYQB' |§bbn%llé@'l9t9'%??8iémplary

h as riger_joints, fill valves, control uni

con&rogﬂé%tgm &2y Jm)sﬁ'um@w FaRtelmstem 22 gkdes,a PresKe
regdiBfor 24 8hd FHILPARY of %ﬁlv%@%d !hta@ESﬁtrBf ﬁé\ﬁ'ihﬁﬁi%?ﬁh%f f)fsfﬁn 10.

extracted resource to surface ul
In spme QFMI@qmq@momsom]qf th@lmlqty @izva[veez:qnmﬁe a portion of

abﬁwggﬁ{gr&gﬁa}cmsatégtgegcl udes a nunber of

conpo such as owout preventers and/ or

odu%tlon or "Christmas" trees, for extracting the
[oo yrthesdnranexemplary emtiadiment; the prassuresegmiater 24 is a

hyd\réullcopﬂeib.@u?élféeglgﬁttof %Huﬂﬁsyuéﬂtggélfbél% 559788 'sBITdid
valves. As will be apprecuated valves 26 may be configured with a specific
pressure rating, such as 3,000 psi. Often, in hydraulic systems, an initial supply
pressure is provided to the control system 22, such as from a bank of accumulator
tanks, that is higher than the pressure rating of various system components, such

as valves 26, to facilitate maintenance of adequate pressure to the system
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20 enbodi nent, operation of the stack equipnent 18 is

controll ed by an exenplary control system 22. The
WORBIBIBY control system 22 includes a press®CEUS2007/015665

regul ator 24 and a plurality of valves 26 that contro

flow through the system 10. In sone enbodi nents, one

or nore of the plurality of valves conpose a portion

of a bl owout preventer or Christmas tree. 25 [0028]

Further, in an exenplary enbodi nent, the pressure

regul ator 24 is a hydraulic pressure regul ator and the

cormiorraits éyenfdunab\mmoiﬁ ofrtigh dQSQGQIIﬂMI@e exuAipiay.syStem 10, the

val ves 26 caonfigured wt
preburp 1BEuERST 4 el nianAGEmEnL AT the Suly Ppgisurers elivor o
regulated/ gredisure te aaivﬂﬂﬁeaﬁnccbrﬁpbhéhtss uuelh BsVaAEE26. While the
rovided to the control syst such_as from a bank

pregurg seauiaton 24 obthe presently e iatedh egrkadimgahis d gomponent of
the B{éi:‘ksétitﬁ%ﬁ%h't g, ﬁfwﬂ{ BEi aweéaé%é@maiomns%ﬁmboa%ténﬁs the

val ves 2 to facilitate maintenance of adequa
pregﬁlggggggla[tq 24 maybe dispoged in other porttons of the system 10, such as

8 C BN IARE <L e ARLlibHenP 14 TR AR EL S A Wit i Bresent
tecfmmees;r Adddgmadiymermn embodmnends agmmctudn‘ multiple ppggspre
oo BRI iof A4y 6 conf AL HGHLESSH Gl R at ne
same gaspetwve Ptessuretievels aseeadhyothier os} attaradtieeipostichethiat two

preshyB BBIBIGS S Bartt reqkies SBAIIHAMTE Rbickn srbstlpde¥iis that
are diffpreat betwisemtne two tiquaisesi2dan ot her portions of the
system 10, such as a conponent of the surface

008, PR el plellrd IR A ERGLS. oo
pressureurdgulaion 24 inclydessan etongajed dousing’dr, body 80 havingan upper
bR 48405 T 38 ol AT 8P el cpgrents, as
discussedlin greatter detail, beloah lﬂbﬁér ét?\@;clmaséml eapsgel attdo:ss are

nsmi ui pressuy

d/ t
sechisrfther e ouainor & i B8 Enckran 40 s SecWTeg o dbe pper
hougihg 3@&39&nc?@s@mmﬂseaf.eﬁéa irte el Hompnetds | '\Aﬁthm the body

|IIH§trated in The pressure regul at or

30.ilpd d%gsgwiknl'uﬂgate@oemegm@nt@ theyeag caosmm@ Sgrare secured

to th@ Rerlfoliing 3a%is & ;ﬂ{iﬁalﬂ{ bPPRenrdH 2 Wdfile'185teners 42 of the
recei ving various intern nRonents, as

presently illustrated embodiment are bolts that pass through the end caps 36 and

38 and into the lower housing 34, it should be noted that the end caps 36 and 38

may be secured to the lower housing 34 in a variety of other manners, including

the use of latches, other mechanical fasteners, magnets, adhesives, welding, or

any other suitable technique.

[0030] The pressure regulator 24 also includes a pair of supply assemblies 44
disposed on opposite sides of the lower housing 34, and a pair of vent assemblies
46, which are also disposed on opposite sides of the lower housing 34 from one
another. The supply and vent assemblies 44 and 46 may be secured to the lower
housing 34 in any suitable fashion, such as by fasteners 42. While the exemplary
pressure regulator 24 includes a pair of both supply pressure assemblies 44 and
vent pressure assemblies 46, it should be noted that a different number of such
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di scussed in greater detail below Upper and Iovver end

Es 36 and 38 are secured to the | ower housi ngr
O98/908388nd cap 40 is secured to the upper hoR&ETAES2009/015665

to encl ose the aforenmentioned internal conponents

within the body 30. In the presently illustrated

enbodi nent, the end caps 36 and 38 are secured 20 to

the |l ower housing 34 via a plurality of fasteners 42.

Wil e fasteners 42 of the presently Il lustrated

enbodi nent are bolts that pass through the end caps 36

assemblié8 maylinstéad beerhployedhintsi Secotdanté withotethregent
tecl'{ nated that the end caps 36 and 38 may be secured to

"MAU¥¥Jwer housing 34 in a variety of other manners,
i ncluding the use of |atches, other nechani cal

[0031a]st eDaring dmambus a echisi mesiurmek difirst p@ssidfe, &lich as 5,000

P Y pafai thd présee Aot iaiac 24 ByRuah o SHBB Pas 48isf the supply

assérhbiies 4as afldthe YoRE hodibfahaTbe &ﬂphoa@a s&%ﬁu Nbgifated
and a pair of vent assenblies 46, which are al so

Pfe%ﬁtgso%a' 8f SRR pet ¥ias AR KeowiptadhBrasswEs ontlelpory S9isposed in a
sidd 6P!ﬁeQBWe?'ﬁ@hBﬁ{ 34 hadRitRINaNly 2 the/ Brissiire FHdMé fe ﬂef?uuator 24

may be sé&cured to the”l ower 30 housi ng
excaﬁ9s mqrbasm ¢hregbalds the spatiobegium maxhe rvgntmd from the reguiator

24 QS AP SHOpRIES2 L 01 SO Bl I8 Vs Ol st

embgdimest, the pressurne regulatar B4 isethydrallic presdiife raguistor and the

con iy e VPR AR AR ey e

controt tnadlm'nrmay betsdrae Imﬂnmter[a‘mﬁidh &%/ ai pressurized gas.,

CorheFRhEY) whiE I rta ot B 1% fsTatet Sueinapts may
refes topl gonel maudf}& will umappt&uiétwﬁhmmae%p%n Ay atdw to a

ral, .ne out put at a second, regul ated
confyBLldfi o acidffadll prssare Evouidlos o peraiangeolith PBSS ur o
emisodilint P the Reﬁni RAERdionN afd dods ridt Hetessamy préeidienfle use
34. Additi on 6%%/'4'5' f the Eressure i nsi de the regul at or

of a.gaseoUSLANtED Mhing3 alemativearabedimanti nedi um nay

be vented fromthe regul ator 24 through the vent ports
[0032] of ThBanteendl cﬁféiﬁﬂ@h beméléxemlérveeQmQMzt hay be better

et YR R IRaO S 1 06 4 PGIN T RRCHRIA MwS of the
exeﬁﬁﬂawme'gﬁl‘éwldzﬂi .lmsﬂfawh Erc FfGUQdetéH?t Q@illtﬂ%@é& IFFPRIG. 3, the

however, he control _ned |un1nay be sOne ot her

lowgiheysing 345@&'1'?’3!!!! sefines dweiintemna) shantharseq supplychamber 60
and"@%ﬁt élEmbBsEania Q@ﬁﬁ]? gi’étbﬁ 5408 di cfﬁﬁééd Nﬁﬁfnath‘é%upg ly chamber

di ments may refer a contro urd
60, gmrwa threugh thﬁ uppeirentt cap i36. and isrbiaseddhy atsupplyl®ad spring

e 86541 i G AR 52 STSTHLE BB 0 dapoces
withim thenveotchamblerig2 sextends éhremghrthb;supplgpplsm 64 andsthe upper

endarfafrART B850 b0 JEH| BB shrt 70 . T 8% inSepty iustrated

embodimeind, thervemt ipiston Wemmdbmmghahe lsndplyspnstuh 64 &id the load
spnésg abegﬁue 7b%reF Idclsssposeda concentnc io ong1 ra(?lo eé:rtlh ?He sarr!te portion of

the upper housing 32. However, in other embodiments, the springs 66 and 70
may be located apart from one another, and the vent piston 68 may have a
configuration in which it does not extend through the supply piston 64 or the upper
end cap 36 in full accordance with the present techniques.
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20 exenplary regulator 24 illustrated in FIG 2.

Notably, as illustrated in FIG 3, the | ower housing
WOH08§008308al | y defines two internal chanbers: XRCI(H3007/015665

chanber 60 and a vent chanber 62. A supply piston 64

is disposed within the supply chanber 60, extends

t hrough the upper end cap 36, and is biased by a

supply load spring 66 disposed within the upper

housing 32. Simlarly, a vent piston 68 is disposed 25

within the vent chanber 62, extends through the supply

[0033]5: Olns&gs@m’seﬂhﬂ graatlyr omait " 1 Bél@v@@;tr?@éld'le: Wltl*tﬁh&?éféubwyé‘and
ve Ooa n e esen | ustra

ve ﬁﬁemm ’WQ&?’ 5y gpPelyht sfef?r%é% thesYRRY D!%#%" 64 and/or
the YeRPpistdH ssqnaﬁﬂctaraaaiim thé %ﬁasﬁiﬂg ksge p%vﬂaa H;Psﬁﬁr@s 66 and

di ISP osed concentric to one anothér in the sane or 1 on
70, <§¢smﬁweb1@ such doal supply pors 8 and vent pere 62 may 'be opened and

closS oth Bilising g&gﬁwgé %pﬁ'ﬁg s6b 3Rd TVcdif gé‘?ﬁ@&ﬁ@d via a

apart vent piston

springJead agijistment metmamsmm @laposedj aégnnandeqfttbm:pper housing
32 hild PitEusbad 1P YREarkr BoBlIALION. s by O BBbrétitet heBremplary

rega@iay 20 sR0sIESNABAFFe Al M@Sru[\@@ 28] dispoded between ithe

. I e
corffudiieih i Fdthtait BB Wil ke Py 2ACeriq Bitloely provent
leakdge ofipalterials ssuwh a4 aasuhtt flukdk; froen or intstthe iGigrioh of regulator
24 acts against the biasing force provided by springs 66
and 70, respectively, such that supply ports 48 and
vent ports 52 may be opened and 5 cl osed. The bi asing
[0084] ce Asupxial settional piemngbthecexerdplady cegulateri@ddisfprodded in FIG.

4. Rhfing ¥ttt 5 81¢ HI0AT s SHELARR P ELESRS Inlium or

fluidy eaeera |thel sﬂpply fortda8, eﬁsg&aarablg ingicated by eskowsh?6. This control

i KR8 Yoto 68 P Bly Aarmbigt 60 e Bl She REBPBeton 64, as

gengialy mdn:aaéawﬁrmm 78l ﬂrﬁeheo:ﬁt@atﬂtﬁﬂ aiay’thetbe bﬁfbtﬁ%t a
revent 1 Ieakage of materials, such as a.contr

regplaied pressyse EAE FRRBCNSRIShrough the shtistport 80, as

ger[é}gﬁrlind{ﬁhtgal Iarf@wtggonal view of the exenplary
regulator 24 is provided in FIG 4. During operatlon

(o038, TG ntring PlerSeifgi) e SEBPHpoT I8 aervantports 52 may

be béﬁemﬁmmoda»nﬁ\eéfe?éncér fd thecaetailed sketibhali Wiews of FlGS 5-7.
In tbout ed i tlﬁ t he supp chanber 60 and abouf the su

£ rese %f@@ﬁ&@h@m% tha tew 9f coptrelRuidpr "Pﬁ@'um into the
regORItGF 24 tl‘ﬁﬂougﬁ tha$ubPRp&es 2BtiPdenatally doftbIRUY motiton of the

pressure to downst ream conponents through the outl
SUHR!N pisten 64s Meiepafticylariydincene gmipd spply shesy) seal rings
84 ZF@d%BSQé&%Wrééé%%bB&BG%f thBSsutphP bistP ﬁ;ﬁs@%ﬂba are also

vent ports 52 may 20 be better underst oo i .
dispegest witbin fb@ rﬁﬁesm 86 ite bias:thel sunply sheasseal ningssd4 against

pi) y seélr}:rﬂ% f%SFﬁ@ é%%ﬁoﬂi la‘é% Q4 eFipRAL) gtrarggﬁpﬁy%al

the regu
plateisr ¥ includeca fingtflud passagemay QZgam:ba aelcpnd dwid passapdway 94

ol ARG B AR D B e A4S} oo Bnamoer

60.di sposed within recesses 86 of the supply piston 64.
Springs 88 are al so

[0036] A control fluid entering the supply chamber 60 may pass to the vent
chamber 62 through a separating shoulder 104 via a plurality of pressure transfer
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25 di sposed within the recesses 86 to bias the supply
shear seal rings 84 agai nst supply seal plates 90 of
WO 20e8/6881 y assenbly 44. The exenpl ary suppl y P&dAIS2007/015665

plates 90 include a first fluid passageway 92 and a
second fluid passageway 94 that facilitate flow of a
control fluid through supply ports 48 to the supply
chanber 60. 30 [0036] A control fluid entering the
supply chanber 60 may pass to the vent chanber 62
through a separating shoulder 104 via a plurality of

porty ﬁ@ss Ulrfthe preskat emBdiRBRt, VeBBOREAT$4513HYE/ ﬂf@ﬁfé’sdlsrmsed
106. In thepJoresent enbodi nent, vent shear sea

withi q8cE88 11PPRING YEEe aiipR By he wertsherrseal nogs 1081are
simﬂbﬁir anas@% byTQ% pYiRgt1 @seé.ngﬁél aiH d?%n%@%a?ﬁﬁtéé m 2rh¥ vent

bi ased Sp rl&%} agal nst palr of vent seal
seap plates 111@lsorms=l first @nd iﬁ@‘éé'lul‘imaﬁﬁ@@ew!ﬁﬁ 446 and 118,

resh il ViR SR USRS i 0 SR pePe o

thewen? P@ﬂaﬁﬂerlnabetmesm ilbstratedt erpbodienatt, thmvemieseal rings 108
I

arel 5l s PR Se s $4° LAy 68 el

second passageways 194 ananpBafthe seahplamassagadaw Qéspumtwely, are

alsd PR erlilsEF Indh 88 Boothl i . FRESS i PaftoufirSsges and

geometries gfdhé isesl Angs B4emda 108,145 discusded I?Sgl@fatél’f‘datait below.
rings 84 and 108, as di scussed |n greater detail

[Ooaﬂaowén[ ﬂﬂi?év\hAgﬁétﬁéeét%u% %chr e nj"g '%E’g‘h&i’h el riy ports
48 amenopemand the vene pohsm?m ¢Ibsedas4uh0§§¥>iecth ﬂmgthierlﬂwrm of the
orelburs B 24 T35 oAl afBut R EoH ML Bl to emer the

pressgwl regotatdri24 through thbsupphoports aatm&leﬁﬂﬁoﬁgla the regulated
t

rou the ul ated 15 ssure oufl et
pregp 2690, a5 diGprsed abaye, sl &p abpiecialed Mstraulic or
pnmﬁ@pt&snfémiﬁm slipgly chanfbe? BOresbR8Me R thRist force applied
Its i.n a thrust force a&lled to the supply piston

to th SURPHIRISAN 641N the disetion gsnerally indicateghbyapirew 9. However,
the MNQ forcet¥ Spphy léﬁdféﬁrﬁ'iqqeartﬁéﬁﬁbﬁ’oﬂ BaflvedH tﬂwsﬁ@ar seal rings

he friction between seal rings 84 and seal

84 EF%FG@’ pigtes:90. @mthe frictiopratitibutatyatashe seal T4 betueen the
SUD?& ngd}gg? h oppos eﬁﬁg} \IC/é edrér’eﬁéﬁ’ g? %&Hﬂ tsr()ér}ﬁoUQRﬁrnt SFthe piston
in the dyectm indicatedtbytamow:96. olf tivs thrust geaeltamcmby the pressure

wutlﬂﬁ fiﬁé éhéﬂgb%hérﬂﬁeﬁgiésﬁé@% %r&%ﬁ%%?%%&@ {Whfh i€
generally dictated by the frictional and buasmg forces noted above), the supply
ports 48 remain open to allow additional control fluid to enter the pressure
regulator 24 and exit through the outlet port 50. In an exemplary embodiment, the
first pressure threshold may be substantially equal to a desired operating pressure
of downstream components, such as 3,000 psi.

[0038] As the pressure downstream and within the regulator 24 increases and
approaches the first pressure threshold, the hydraulic force on supply piston 64
becomes sufficient to move the supply piston 64 in the direction indicated by
arrow 96 and toward the closed position generally illustrated in FIG. 6.
Particularly, in the presently illustrated embodiment, the supply load spring 66, the
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generally dictated by the frictional and biasi ng

forces noted above), the supply ports 48 remain
WQ W0PI8® addi ti onal control fluid to enter tHf’éjT"U 20071015665

pressure 25 regul ator 24 and exit through the outl et
port 50. In an exenplary enbodi nent, the first
pressure threshold may be substantially equal to a
desi red operating pressure of downstream conponents,
such as 3,000 psi. [0038] As the pressure downstream
and wthin the regulator 24 increases and approaches

sedl hag§|84s ta:ﬂrthesmmly pistst64 ére chﬂfl HiicPsiidietHaR the s@al rings 84

64 30, b t th
aredifed ifip Bl $lose posioef oot h%%%pe Hgs Bf 2P disposed over
the ¥ntively ofane 'sécbha ﬂ@:icpﬁé.% vy 9@ @ABAtAE ||S:‘essure within the
illustrated in FI rticul arl in the presently

supply 68aMbess0 dﬁﬂﬁh#ﬁé‘ﬁ@’mfm@e%ﬁéh9¥r$iéue§wrerigrmold hat this
poiMAIHP BB tHe PR e% qt eg:ﬁﬁ bb'd&ﬂ%l?}‘l‘&d%%e iH% state

suppl y plston 64 are con ch that t seal
of gquilthriuga, igrwhisb\nath the éuapwlﬂnq/%mm #84ind 52 are glosed and

no %Ht?ﬁ hB8iuds gb}nfs' tﬂg:ﬁ.lr?&g e \%giastgpﬁﬁd IR Y:%H%FJUS«&” Gt fRS Y

e secon dsure
opesptional paiat, ﬂn@prgsmme e seapllymdavmmhmbescfd) and 62 is

ab&a%itrh%'tffr%fn ?n‘l{s%é?é’{rﬁeklli‘élasggug lt%%? 2y éiygpel?,@&ﬂé‘l géji'riscf&%t igto a

ressure’ ragul
closed pasitiont buteisafoteqﬁdternrtouransmt afthalst o tie vert sistar §8 that

res i PP BB e Yol PorE Pugul ator 24 1n ot ner vor ds.

at this operational point, the pressure inside the
[0038)p! ﬁ%mmappmmwsaﬁmmpceﬁare withirothe pressiire stgulator

24 BRI AR Bk OB bl gopiea o

thetvent lpaaisl_nela ay ther mhernabprtelssuuealsopnetesﬂse%g%démhg /}'\rsue vent piston
esul ts i _openj.ng.of. ent po ma
68 {cfmidybin e MR ifdicAtdd N CRoRYe A8 thedteril siBesurs
reaclegs badavonddpressifethessHold) ther@ﬁ@létchw'ah@ Qeﬁt ééél rings 108
t hreshol d, . t he t hr ust @Olﬁl ied tqo the v

are{idyesh g aOpSle PPALERnas pPetall s agd In Fiadewhich allows -

contil RultDwithin thefentichhATbel 5208 B vaRILR bit dfitRe PressiirbFBgulator
indi cated by arrow 96. As the internal pressure

24 yig pogt ond pressure threshold, the vent piston
68 and vent seal rings 108 are moved into an open

[oopopu t iowill w@ngwmahat litd the Ipb@éémtyaﬂustratﬁu@ms’odmrﬂhthe supply
trol UId thin the vent chanber 62 to be
P'S\‘?erﬁﬁé%f'ﬁ dre yent H@t‘m @éﬂ SRR0peEAte sdePendent of pamanather That

is, Mdverienk O M8 upphy/distBA Giloéﬁdi st BFFy  sédl ringe 84 Eﬁé‘éﬂtl‘di flow
|Ilu?_ﬁrat ed enbodi nent, the supp I?a/g pi ston 64 and

through the syrply perts:4p 1§ iedependental dhe sevarnentef ‘(ﬂﬂitﬂ'ﬁé@n 68 and
veni 8@kl rings 108 that generally contro! flow through the vent ports 52. The

independent operation of the supply and vent piston 64 and 68 enable the use of -
two separate load springs 66 and 70 that may be specifically configured for a
desired range of regulated and vent pressures, respectively. Further, the
mechanical independence of supply piston 64 and vent piston 68 reduces the
frictional forces that act against the thrust force applied to each piston by the
internal pressure of the pressure regulator 24, and thereby enhances the
sensitivity of the pressure regulator 24.
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is, movenent of the supply piston 64 and supply sea
rings 84 to control flow through the supply ports 48

WO 2008/H8¥8endent of the novenent of vent pi st oRCFEIRMRT/015665
vent seal rings 108 that generally control flow
t hrough the vent ports 52. The 25 independent
operation of the supply and vent piston 64 and 68
enabl e the use of two separate |oad springs 66 and 70
that may be specifically configured for a desired
range of regul ated and vent pressures, respectively.

[oom] t hem othéramm?hwmuga s?@!ﬂsﬁﬁi&:‘@fﬁlﬁﬁyﬁ@ koth Ifslef}al fhgé 88 and seal
on re es Oona orc
ring& 105 o R axheiodh. Mitiphel forges BREDIBIS 0 BOLERHS Of the seal

ring® 84 6RdDY08, ke Sﬂprzﬁfmaénw.sw& Qﬁd ‘8Banitne rEsently
'“Uﬁfféu' ator 24, and thereby enhances the sensitivit

egfeéggtgﬁh@e,r\;@ug sublecied to gpjy the frictional force attnt%/utgd to their
owrf 9@%%@%@@“\@@%@@%@15@ mn é@@ﬁéﬁ 1o %n?tfﬁ@ﬁor‘/\EFéa‘ied y other

whil'e a single piston carrying seal rings
corapanents,§ech 88 spals Hb@@as%qu@thrr the supply msipb\@ and the vent

t
pls% 86,8 Qﬁ% @g{:ﬁ) Igﬁcﬂfe %Beéﬁé gIGS ons ﬁ'llcr dals%gér @éc{rﬁgge in the.
pregsireawithip the|supphachamben Gﬂlmmaaths:mapmareﬁ.? t booekgmple, in

el bl Pkl AT TSN 16, RS iePel rpasg n pressure
withiinitbe iregulataraicety 39, sndlreas thatpumsedé)y a sotides chesing of a
cofred LB B8 i GBI BH 6 o 18 Bt g
108 tecbe asevert intie theeapen ipositinen genaraliyiliistvatdd im FIG. 7, to relieve
oy BB w0308 5o ogHARAPEE, Shnit: e procaure
reg';lE)dtsmsfdt ;madrﬁdae ﬁﬁilzkzlastﬁgﬁégggd @gpplyﬁwa ftf}bl‘péi@?uhevmg only
theisyunBIY Bistih 65 i g S sngs: s b0 eliimadtiuondl sobt fliyto enter

thelsippheohamber 60 t6 %oﬁmbrkda‘ie Jesasuaten d&e@tn inté@ial pRsssure.
to be noved into the open position generally

e} s Bt Berbbiog o S5 e e B9 B dstcany

cormgasew based onl mbcge&ﬂemx ofahéir fesFddtivecseai rings 81 Rby
orts, such as noVvi.n supply piston

th
insigncgnin '?ﬁee"é' gfime @%@teadng é&n/%aaﬂﬂe i an sxepmiznsupply
sedi lplatd SineRidis 4 Brcuidte gpeﬁn@bﬁép&%m ZDgeRned by the lexit of

a sudden drop in intern pressu
the second passageway 94 at a surface 130 of the supply seal ring 90. As will be
appreciated, a shear supply seal ring 84 (FIG. 5) may operate to selectively cover
and uncover the arcuate opening 128 to control flow through the fluid
passageways 92 and 94, as discussed above. Notably, the exemplary arcuate
opening 128 includes curved inner and outer edges 132 and 134, respectively. In
certain embodiments, the shape of the aperture 128 is related to the shape of a
respective seal ring 84. For instance, in one embodiment, the curved outer edge
134 of the aperture 128 has a rate of curvature that is substantially identical to that
of an inner circumference or perimeter of a lip of the seal ring 84 such that a
portion of the inner edge or perimeter of the seal ring 84 is substantially coincident
with the curved outer edge 134 when pressure within the pressure regulator 24 is

substantially equal to the first pressure threshold. In some embodiments, the
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[0042] In certain enbodi nents, the supply seal plates

90 may be specifically configured based on the
WOge#e830Bes of their respective seal rings 84PCE3IS2007/015665

instance, in the enbodinent illustrated in FIGS. 8 and

9, an exenplary supply 20 seal plate 90 includes an

arcuate opening or aperture 128 defined by the exit of

the second passageway 94 at a surface 130 of the

supply seal ring 90. As will be appreciated, a shear

supply seal ring 84 (FIG 5) may operate to

cunféti erh’t éﬂlbéfFWﬁ{ah&mi/et@?ﬂéﬁih fflddaﬁad tars tidtds @naatgaigﬁaﬂ?&ientlcal
O contro ow ro e Ul SSa wa an

to thy outer WE’U%%}PG&BUB% segbiing|84. © éas%%g tons 'eog'@'eh the.
cunid wa&a chABr AL 482 druraseste dUifliguied bakska 'orfdmRs ¥ surfaces

132 and 134, respéectively. In certain enbodi nents,
of the, ggal mgﬁﬂ@raﬁésqenwsagedq s related to the shape of a
respective seal ring 84. For instance, in one

[ooc%odsmnany ) Geftusect Biats qr14e(¢m@ s%aafmbaem@ueétaﬁ &perture

has a rate of curvature i s substantially
that ipeldesan edae Raincidentfo |%9Q:Pfr 3 yePksealding 1 08 when pressure

withi iﬁé‘%é‘dl?ﬂfr ] .hl&;b%iaﬂc}my%'al {d e %ow?réswe fhradfhold.

ortion o I nner edge”or perimeter of the seal
While the seal mawo%@ andidi4 mawd»aws;m%@séﬁﬂt-auyt identiealdgrengjanother in
r
son‘?éjh at i %E%sﬁg%ﬁggtﬁggféf‘ﬁ% Qi IEJ'Ia{iet g t%ﬁ %5134 rﬁay instead have
dlff sunes arigesghelries than wnearmtbemmprmsde diﬁtérenwﬂow rates

v AAREEE SO0 ISR0R, AP HiePRGe i GlorBies of

seal dngs iBdadnd 808he outer circunference of the seal ri ng
84. Ot her configurations in which the curved inner and

{.
1008} 7, S5 BifbEAfs 8 A ROERLp Sy o B ok o
daroping]festure) sudly as thatdiisteated ip FéGe$0,1WhichAinGy énhangg stability
of g Bt i ieaybler 26, ¥ uriak Blapdtsulied. i dRiiRgrmases or
deqnea@TmJitrﬁpt;aﬁshrthhg\ 4 systeat ba}:iﬁg the exelagplant paddsure regulator
a 0 e secon sSsure
24 by, in SSme atEneRo mepulan SutoRaTang (Svehoh ffickaRy e
mteaaetl:cﬁnfndtu %créamﬁilmoﬂumt& sytg&ﬁnam’fé axmpcﬁrytdampmg
Sea at e ma I N ea
feaire ARt inBIGT 10 oV Pibice THRSHAGNLILS Bt suFisteracton. In
onéieﬁ{b%ﬁnént‘ Iti@édem;ﬁﬁg Fita R h'lddtﬁésra FESERCH! o asspber 140

and to natc ferences in geonetrles of
formed da the ead Fapie and sonf Q{0 FeRRbER MATING fatine142 of the

suppl f E&%n BRY Y Wﬂfbé‘%b{)?étﬁé’tebnﬂ{élﬁﬁtlﬁg@éﬂw réglzﬂczelﬁa!r& secured
as that 1llustrated in ance

to qgtiatggralt\ylth the supply piston 64. Notably, the mating feature 142 is

configured to fit within the damping chamber 140 and provides an enhanced

cross-sectional area that increases drag on the supply piston 64 as it moves

within the supply chamber 60. Additionally, in one embodiment, the mating

feature 142 includes a surface that is generally perpendicular to the longitudinal

axis of the supply piston 64.

[0045]1 Forinstance, as pressure within the supply chamber increases, the
supply piston 64 moves in the direction indicated by arrow 96 and reduces the
available space within the damping chamber 140 for the control medium or fluid.
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15 of the pressure regulator 24. As may be
appreci ated, sudden increases or decreases in pressure
WORRIN0B308 syst em havi ng the exenpl ary pressur &CT/US2007/015665
regul ator 24 may, in sone instances, result in an
undesirabl e [ evel of fluid-structure interaction that
decreases stability within the system The exenplary
danmping feature illustrated in FIG 10 may reduce the
magni tude of such interaction. In 20 one enbodi nent,
t he danmping feature includes a recess or danping
Thush thdimteraéfioh betwden mdvemenitofcthp stpphn ﬂlstthgiﬂdelﬂetdamping

chaba 140 BEC,haes i Wit chorgbee $80,18 oS R fhrouoh

the PRt/ atireOr42 WaasHeérbr Widré blded puﬂel1)44p¢rsmuna4he outer
Not the mating feature 142 Is. configured to fit

GircHYaenceIRf he MRtnD fasmise] 42,45 UEthardh SRe@badiment, a guide
ring%ﬁ%@ E. od a?ﬁﬁft‘lﬁ@ Bhté’i'rp%'i‘lrﬁ@la of Bd Aty fgéﬁﬁe 142 to

on the sup |ston as It nmoves within the supply

furtgeribBi oy OREIR Cpotel fltyd arounshthe:uteripesimeter.n in one
fiat:
emBSdiieht ./ H' |er‘?a%t§tl?z?: ar 44 Pﬁugsﬁzﬁélﬂﬁ W@%ddsthe mating feature

generally perpe ong| din
142 substantially redetes of prevents the ondpsirableieffecimotiluidsstructure

integ{é& ‘?h:WtEE p@ﬁ%@ﬁre n‘éﬁﬂtéf?ﬁggnber i ncreases, the 30

pIsto noves € direction indicated by
arrow 96 and reduces the avail able space within the
[00465hpi Agditionaliyr one or meretersbediments okthe presantinygndion may

s AP ARSI SRRl Rl 436 vt
illuslralpd igFi@ahbein thiopfesiendly ilbusttated emtmdjmrlt.ﬂha adjustment
me GG fiistos o B8l RN S 4h pieiiodl } 38 Ihatig blfied to
the endesapc4 0 andfeadends indd thé eppet hogsihgad2ir Eudthér, the adjustment
screyl iAol reaiB Bt BFbnae AEUR6S, 7561, dhe dergRny iunger
156 includes doWwels @ripivig h58, unlbobeds withirredesske 160, whith extend
ror b APt P o R 82 B e

houSiid 82. frmtmhe 1%@&&&@%@&% sicts 1620 Prevestretition of the

t he undesi rabpl e effects of fluid-structure Ipteractl on
plupgent 56 witbinihesupper housing84r The engagement of the adjustment

scréWdigd WitR ltIHé/ pl@i@érqrsmbﬂ’itﬁﬁ’@ R 'imﬁéésﬁb érﬂfd@ér@éﬁﬂg of the
I nvention may al'so include an exe

biaging fetcesapniedHarfupply7and yent pistom ngflar 33 363 lrg'gt%d Rarticularly,
in Hg@mﬂ)&dm’iéhtt h:ﬂgﬁéﬁ%‘? 'l\gé Ed]!.isltﬂgéhf éér%d.' £55 %4 bRB Hireclibf causes

ust ment nmechani sm 72 1 nc es an adj ustnent screw

ax:airmcr&mn)@f thesplunggr 156 ia dhe daction gaae@w indicates] byarrow 164,
thegé(ﬁ\ﬁig??&é}s{iﬁ&tﬂé‘ﬁna%ﬂ%ﬁor@é’é‘ﬁbﬁl@éf% tHebiktiHs by tiHeir respective
load springs 66 and 70. Similarly, rotation of the adjustment screw 154 in the
opposite direction results in an axial movement of the plunger 156 in the direction
generally indicated by the arrow 166. Because the plunger 156 includes an anti-
rotation feature, rotaticn of the adjustment screw 154 generally does not transmit
a torque to the load springs 66 and 70 or the pistons 64 and 68. In an alternative
embodiment, an adjustment mechanism that allows independent adjustment of
each of the load springs 66 and 70 is envisaged.
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15 screw 154 includes threads that engage a pl unger

156. The exenplary plunger 156 includes dowel s or pins
WODBER/00830§posed wi t hi n recesses 160, which ext &&d/FRYH{015665

t he plunger 156 and into corresponding slots 162

formed within the upper housing 32. The pins 158

cooperate with the slots 162 to prevent rotation of

the plunger 156 within the upper housing 32. The

engagenent of the adjustment 20 screw 154 with the

pl unger 156 facilitates the increasing and decreasing

00471] ! NFulhas) H%ﬁ@éﬁ\%&dﬁﬁ@hﬂ af dxensplBR) predRdre/ Adjulator 24
L 4|;)-|i]stonu64 anld 68 Parti gﬁ“aﬁe. in oﬁég

inclleies N anRATaRs 1 MBRNDE tzﬂﬁéntsapu of thenuPRe; RaySIag 32, Notably,
the %Qﬁnﬂilé@"ét‘eggu@ tRK 2@' |n<ETBEIéQ % ﬂ'—lfld tcBﬁd Bit %W@Qha@é@nnects a

ection dener al I ndi cat y arrow 1

vent portdi® with@reindetpprt hé4 ﬁmraefad@ mm cap@0. ethe GUldr@ndUlt 172
el bt SRREE 36 118 e et @i o 2

adjustnment screw
andoippet ficre 1 4 1 mspeotwelye.saﬂtd 8 hqsimr mpeallal}m‘aénstetndﬁbaﬂfveen the

couBjH8375 478128, A LIS 47 54 Bt i g

vented fronoths vent crerhbeet?2 ma)abe oouted thrmughithesuidmonduit 172 and

intq & SHBTRET 102 Bevhih th iead Shind, BB 78 a8 i rased, | Amay be
apprbtiated ithe Aiuid irgedtediinthe springtihamibent Bzrméyapammough or

amgggltthg yhg%/\g,%lngéi %?Jggent\l;n?gégj'é A osffo?r%%g inthe p?ungerd156 or
the@@&bé@%% RS H?é’é&?k@&%ﬁﬁus[ @.%Wbufeu ﬂh@ugh Iwi\a eRamber 182

nbodi nent, an exe Iar%p ressure regul at or

ang axits theschambgp thravgh the blead perts 484 lisposad %W%P"Fm! the

ﬁ&iﬁﬁ{us‘i}@ggn%%%e é\'ﬁbé@isﬂenﬂr@%@d ¢5BLIBS¥a B efsewrfeof the
regul at or 24 i ncl udes fluid conduit 172

exeroplase: pressure iegyetar %32 the routing pheantrg)dluid W@ugb the &Uld
corbi 7% 85 58 Rpflo TRfibluteh el i fyuroitye prin
charhber t82, tperebssmWQ of preventing grawth of mtnevléewtm ¢he
t d
sor S5 1625l ko 3ngL VR iy SRS Blced o e
bleed portsl 184 to preveint geamtedfrbmentelmgvthetspcmmber 182.
may be routed through the fluid conduit 172 and into a

[Oﬂghi od egﬂé igé ihd@?-g.sh fﬁggp?%r s céan%l@QPﬁgar@@ rggldﬁijﬁgtéorés and
aitemabve farnsgp rspegnfmtmnbedml@ﬂs rtmyem showo gy way of example in

e 5B B o S B R o

undérstabd that ties invemtied is hob mgbndérbto:har&tmtedl@ﬁhamam&masforms

. the gh t,rou t
distfgefinener e Ffhtcttiadp g vebah odficiimt $ifliafénts. and
alterabtivesifaling uﬂm&att@mlﬁt amm s06pe lof tHé inveatiph &sydefined by the
ressure r tor 24, the routing of control fluid
foll Wf'?ﬂj@ﬂp?ﬂé #Ic iMSeonduit 172 and the spring chanber
182 may flush sea water fromthe spring chanmber 182,
t hereby reducing or preventing growh of marine life
within the spring chanber 182. In one enbodi nent,
check val ves nay al so be added to the bleed ports 184
to prevent sea water fromentering the spring chamber
182. 20 [0048] Wiile the invention may be susceptible
to various nodifications and alternative forns,
speci fic enbodi nents have been shown by way of exanple
in the drawi ngs and have been described in detai
herein. However, it should be understood that the
invention is not intended to be limted to the
particular forns disclosedl5SRather, the invention is
to cover all nodifications, equivalents, and



25 alternatives falling wwthin the spirit and scope of
the invention as defined by the foll ow ng appended
claims. 16 CLAIMS: 1. A pressure regulator
conprising: a body having an internal cavity for
receiving a pressurized nmedji.um the body including an
inlet port that enables the internal cavity to receive
the pressurized nmediumat a first pressure, an outl et
g.that enables the pressurized nediumto exit the
y at a second pressure and a vent port configured

e%r%éssﬁrréereguﬁglsc%%é%ﬁglgnedi um f romthe internal

cav fir htrol piston and a second
ral ston di s o ed within the in
abaﬁxsh% & ey c{% ﬁ?ceafm%ﬁ@reé%gi & bodjactuding
an ml?tsaorfc Ak s13p a glrrmal ca‘ﬁ@rtatfrs@vfeo sarﬁswzeﬁ ata first

presyie, gResdl e poredahegblenherragnzedHaediyn ép exibthe bo }ﬁ&t ?ﬁ%cond
presasoaad @ovent pprt soafiged & sprthe PEsHBized medgim fiogythst internal
cavitye pressurized medi um through the vent port; and
a danping feature disposed within the internal cavity
andadosf catnok gistam  apbe secamd veamgnt pisfont dispdsed swithgothter internal
cayilystand dperable Indegndemeofdonceatdtioey, whereirl e frsessoma piston is
opérelgle tatantrodflowl ot pressumdrdimeddiur lerodgtnthe igetf oot aridsthe second

cortUTRIskSHEIS operBBIE td &htrdf 6N fHepéssaiit Mddivd eHr@uphRAY g port;
an@n enl arged dianeter configured to increase the drag
force on the control piston as it noves in the at

! eaﬁtd FhoOfehiBRd { 31 sed Jithi e RhERRY E%l{yeﬁlﬂl @hfbuRd to oppose
mo&,e%g B ol i 6o HATRING: LEALUESCOMPT | Ses-a gui de

an outer circunterential surface

\Nh e F Osgltéreon l?tB i LoV re{ee]r {igr%omg OIqéatﬁre ceomp?fises a

PO % P? rﬁ&‘gé’lﬁﬁﬂ aé%edt ?F °§§ vrfiigmcrease the
i tﬂae %9@ g @Efpae%a “%‘P{F%ﬁld ¢ Pfgstorq AEEHOR N

passage during novenent of the first control piston. )
3.5. The ppsess agalais of clate 2. whereindheslamping &agirs cerprises a guide
ring digppsng 2bewtanoutes ehipmiseestial spefacesal theopafen.i n an end

cap of the body, and the recess is configured to
4. r ec @hv eor¢shere pogitlaton obfclaith €, fwirestin dn pevsion piostpaisesapidleast one
passagptaraigh thdporsun that erables sher pressufizamediumhe be displaced through
thepdt @SS UsTie2askagediriny rhovearedt s thafitdeometeson. 6. The

pressure regulator of claim1, wherein the pressurized
5. MedITUBLERERE FepaRitc? of bl J; wheteinAhddLHHME Ralu@YEINAIrBEs a recess
forpfdAh o el cap of the body, and the recess is configured to receive the portion of
the first control piston and cooperate therewith to restrict flow of the pressurized medium
to and from the recess.

6. The pressure regulator of claim 1, wherein the pressurized medium comprises a
liquid.

7. A pressure regulator comprising:

a housing having an interior volume and at least two ports that facilitate flow of a
medium through the housing;

a first piston and a second piston disposed within the interior volume and
configured to move upon a change in pressure within the interior volume, the first and
second pistons operable independent of one another;



a housing having an interior volunme and at | east two
ports that facilitate flow of a nmedi umthrough the
housi ng; a first piston and a second piston

di sposed within the interior volunme and configured to
nove upon a change in pressyre within the interior
volunme, the first and secon pistons oper abl e

i ndependent of one anot her; a first sea

pl ap ?irg' s%B gl hgh mt&@eﬁl ﬁ‘l@%‘uﬂﬁ %H&j tﬁé"ﬁrs {sfh proximate a
‘f% I%Bsttefw% rfss thdP Al SQ 1ﬁ£l ?iﬁ? fi }éﬁ’cbondmt that
fac? Libs Flo ?’t{lé [n%hlu tw@ na“{h% 1411%& : u e { Ween%l?]&g HJ)II of the
]“W$H%WV%§EJ§IHW€’§n§3a reglon exterlor of the hou5|ng
thro e first port fi.rst sea
coublgd 4 Tngcupied o f pmal ahieny ggfga é? Goopetald with the
first sestbeleta @ spleetyethishibit flow afdhy megiymdhiay ERSRPES § herein the
first pndsiit defipesprospertiee ofelie Grst so8l olagh thepertiiediavipg a ¢ dirved edge
thapvhas aefinst rateeoffqureature shgtantialbeideptics! @ribapd rﬂtfwén%mgteﬁée of the
firftisead ringeal plate, the aperture having a curved edge
that has a first rate of curvature substantially
i dentséwatl stab ptaradismfsed pfoxirsdte aatdond ped @ thefat idast fwormits, the
sec®@dlsedl iplige including ases@riotddsiediat fchitaedilepof de medium between
theIhRK bR Bma asEE0 RekiROEdterir of iR hatisihgtssughwle gootdport; ed
second seal plate 1 ncluding a second conduit that
fachlsbdal @8at fringWolbled F@th@%@édﬁmpbﬁéﬂ%%cﬁlhguﬂeﬂtt& Ed)d?)'érate with
the L&HEsealflatents SEE&EV%EJ ﬁﬂﬂb‘ﬁrﬂ&ﬁ o?thettﬂé‘dﬁ‘rﬁqﬁﬂoﬂgh% rs‘é port;
kie %1 ﬂ%%g& 4RO it RBfes a s con h hﬁ\h e that
ha fid §§§ 3F I%tﬁf a{l\b@t{a 1eﬁ I des %t’:%e 1 fﬁ o?{%bs% ﬁat\m ge of

1h§ 8 ?uﬁ%through t he second port mhereln t he second

condui t deflnes as e e ure having.a .
cur dBa Pesige af?ra%f B Lot Pl BR Bl o s S dfnping
feaé‘&}'ﬁs}taéﬁ?ﬁoé?% ‘Vo'i‘%‘?ftt IStPigi%Phat of a second mating
edge of the second seal ring 8. The pressure,
9. r eguhatmeessgr regdater ol clafe r7e|WheF i th Figyt spalgingnis disposed in a
reqsemqirthe est pisiganpi ng feature that opposes notion of the
first piston. 9. The pressure regulator of claim?7,
10wheflak rpreskgre friegidstos ediiclaim iy dosapdisimgo s edasimg springcdismosed in a
spiilectfahibet ofiths hasing ah@ cofferr @l @gsonide 4 bigsihgfarce ofthefist piston;
and, conprising: a biasing spring disposed in a spring
chanber of the housing and configured to provide a
a &hﬁ%l RchA 6 th dnBBlef lalfkinidng bPMhe AdniudeOsK tel biasing force,
wHERGH AR dMrbNALcHaRaR 1@@0%%@1&3‘?%11; Rhnsh&idiBd fotsihaPloree to
théﬁg?p%ﬁﬂ“gQUE% g(ﬁ]u Wohgrein the control nmechanismis

con transn1SS|on of a torsional force
11t 0 t’[tpxe pés Si"{e ?%f oro }a1 rlon%{lgl%li V\ﬁ%%ﬂ‘t‘fol r%e]cillamg_]p%o prlses an

Wk HC%% O e the

OH%‘g% Ui, %&%@rﬁngg &f‘@ dts "H”P Lt Spring
chagb; i3 & gE‘b&BV‘EHS‘B% P é tm’“‘"g of the
admsmé perep §?§5g%@ axial Riofiop Rkt L}nlg@r a& deju:itﬁlgnt screw within
thwmwg@hareleﬁwitf@pmgraﬁcaahfqtatloatﬂétth‘?dﬂw?g@&t ure such that

turning of the adjustnment screw results in axial
1200t iThe wessutee rqguintarepf aladmg 1 t,heherdinudteneni-raaicawfeature is an
extantibn mentber amifigmed dbraimpetionnintah onterigi sipiof thedwtisingt at i on

of the plunger. 12. The pressure regul ator of claim

11, wherein the anti-rotation feature is an extension

menber configured for insertion in an interior slot of

t he housi ng.



18 13. The pressure regulator of claim7, wherein the

aperture of the first seal plate has an arcuate

cross-section. 14. A pressure regul ator conpri sing:

a housing including a first inner volunme and a second

i nner vol ume, the housing hgving an inlet port and an

outlet port to facilitate flow of a control nedi um

through the first inner vol uneg; a first piston
13.2NdTRe FREQANTrBLRIR BT ClafiR 7S Ferir Ak RApédife bF BRIfirkt A plate has
an YRLMEE AN fi§sPONSi ve to a change in pressure wthin

the tirst 1 nner volune, the first and second pistons

14operable]%gge%§&q%pt 8%_pne anot her, wherein the
secBTETSISIoR 1Y PO Y8 ed to open the outlet port to
vent .t he contr ol diumfromthe first .inner volu if .
t he? BPelag ogluging s first jpaer yqlupe apd,a secopd iner valimg,the flousing
havipg @ Mgt opraad epoutletnpy to facilitate Hogh gh,f contpphmedhiap faqueh the
firsgt ingiervelB@eUNi cati on between the first and second inner
vol unes such that the control nedium vented through
t hea dirstl gistopant a4 seqooditpésdiort Hispesgd witidn gl digst tinngr rigodume and
respivesiveetoon dhange én pveskurereyitham dtheofitst dfnet Nelugwe Sredfiish aed second
pistomb wperabla indegendenbdfomet gpothier, wittein Theeseprrslsygsipe is configured to
opérefiel batla poafo edmita chdiromheatian rom thie dst ignes polumg if the pressure
withirSthe Fiedd indef Yolimt Ficbaan@shold pressvdd; un@. 16. The
pressure regulator of claim 14, wherein the conduit is

coupl BHdOHRAN IR IRE cBhnfuRfalio Sbtden the first and second inner
volumes such that the control medium vented through the outlet port is routed through the
conduit, into the second inner volume, and out of the second inner volume through a
bleed port.

15.  The pressure regulator of claim 14, wherein a biasing spring is disposed within
the second inner volume.

16.  The pressure regulator of claim 14, wherein the conduit is coupled to an exterior
of the housing.



