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WD 2008/ 008307 PCT/ US2007/ 015662 PRESSURE REGULATOR
DEVI CE AND SYSTEM FI ELD OF THE | NVENTI ON [ 0001] The
wpressnms3ornventi on rel ates generally to pressuper/us2007/615662
regulation within a system More particularly, the
present invention relates to a novel pressure 5
regul ating device for such systens. BACKGROUND
[0002] This section is intended to introduce the
reader to various aspects of art that may be rel ated
to various aspects of the present invention, which are
10 descri WE@@G&@"REWL%#Q%@WCEI&N% évéfrgw on is
believed to be helpful in providing the reader with
background information to facilitate a better
under st andi ng of the various aspects of the present

FIRYPOFOTHEARYENTHOR! Y, it  shoul d be understood that
these statenents are to be read in this light, and not

dni.ssi t 003] As |
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gystefrou Mbre ifttdary) theosiesenteinoaaiine|a6slto a nove! pressure
Y Bk B T RN S8, /2L o, (ot depend o o

gas are Itous. For I nstance,
natural gas are used for fuel in a wde variety of
vehi cl es, such as cars, airplanes, boats, and the
like. Further, oil and natural gas are frequently
BAGKGROMMD honmes during winter, to 20 generate
electricity, and to manufacture an astoni shing array
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demand for these resources, npani es often
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ese dri
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adimissiens ot priorant,of a desired resource. Further, such
systens include a wi de array of conponents, such as

[M@d)&]es AL Qat bé’@p&%@éft@@%’i@ﬁh?&gf H?%?ﬁét%}aﬁggs% naigl bfound

|ng or extraction
eﬂ‘fﬁég%“ EBfsHn eRRTORIeE anéd:hwﬁuéﬂtqoel Deviseglangrsystamethat depend

oviadil @’Gd Aatura ¢ab =R ubltitoRs OrbAREN e 2oin¥M ARlUFS gas are used
forofgte{ln a wide variety of vehicles, such as cars, airplanes, boats, and the like.
Further, ofl and natural gas are frequently used to heat homes during winter, to
generate electricity, and to manufacture an astonishing array.z 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 olil,
natural gas, and other subterranean resburces 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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system [0005] In sonme such systens, a hydraulic
pressure regulator is used to provide 5 a fluid at a

woeged/mk®ed pressure to downstream conmponents, $UEhIsa®7/015662

sol enoid valves. One common type of hydraulic
pressure regulator has a control piston that noves
back and forth to open and cl ose both supply ports and
vent ports of the regulator in response to the

magni tude of pressure within the regulator. As the

functionality of an entire drilling system may depend
. ¢ 1 .
SRuEH BPho SPERPRUER erpihe; DS & BESF Shfonents are

©ded shrougly pressore variations sieh hs that podwidachby sdiygraliticeontrol
dytfhanges in pressure. Further, when such a
rregul ator is enployed In a subsea application, halting

gﬁct'onfromthe systemto replace an underwater )
[pBEL . I Forms S SVsiag Sy Mydratiie pressige Fisysed to provide
dﬁuib?ﬁ%&bgiﬂﬁ@dcﬁprieﬁss@reﬁeeid),wdsheé&f %&rﬁpcrﬁ@ﬂ@, fUcASHERenoid
r or that ovi des, increased sensitivity to )
Veedt, oF OB FrRlyBE Ve REREER oL e # rontatpigton
thel ineles bagk asiUMvHRYS oz fritDeidke Gottt ahplpllwﬁ@?@_hﬁd gent ports of
| . L0 cl aime
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tha dunctiveslity of pecintiradeiling sgstent ey epehy ongeropenvepiration of the
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(oilesisalsie. regul ator. I n certain enbodi nents, the
pressure regulator is a hydraulic pressure regul ator

i gu f.Qr [ r [ 0 .
1004 00 ¥Ree0 %, Wy ARG B R ERTRALAL R B e
ipregsed sensigdlydo @hanges i preaswre withio thea®guteter arad increased
rBis¥iRps, including two pistons that operate
I ndepéendently of one another 2 WO 2008/ 008307

PCT/ US2007/ 015662 to open and cl ose respective ports
of the regulator. In another enbodi nent, the pressure

regul ator includes an internal danping feature for
MARYg stability of

[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 hydrautic
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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the pressure regulator. In an additional enbodi nent,
the pressure regulator includes a seal plate having

wancep@stuare that is partially shaped i n accor garas287/015662

with the geonetry of a respective portion of a mating
seal ring. In yet another enbodinent, the pressure
regul ator may include a torque-reduci ng adj ust nent
mechani smthat allows adjustnment in the amount of

bi asing force applied to a piston within the pressure
regul ator by a load spring w thout applying a
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is intended only to famliarize the reader with
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; A . i ure ulatoy .in ac ance wth
:sziﬁ%tnggg Eﬂr tjo'}gm"ﬂ}a?lfz%zﬁ% Ir%asieﬁ%v Ik r%m pgpects S and contexts of the
present invention without limitation to the ctanmed 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, wherejn:
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[0012]. FIG 2 is a perspective view of an exenplary
pressure regulator in 5 accordance with one

wentooglgaserrt of the present invention; [0013] FIPET/@208/015662

a cross-sectional view of the pressure regul ator of
FIG 2, illustrating exenplary internal conponents of
the pressure regulator in accordance wth one

enbodi ment of the present invention; [0014] FIG 4 is
an axi al cross-sectional view of the pressure

regul ator of FIG 10 3; [0015] FIG 5 is a detailed

RERAHY Ot 6 Block Y 25K Lol AAEA) aolesFfiacon s ystem

di ng two | Rternal ns I'n‘ac
Baviag ?rﬁé’ﬂ'{?&b‘ﬁ regidator es@mordamaewth one epﬂ:wg@pem @ the present
mYehiey; detailed sectional view of the pressure
regulator of 15 FIG 3, illustrating the closmg of

ts.of the essure egul at acco i
ORY Y BR%1.2 i mERPeBIVE Hewinraterionontpresreag s or i
atddrdandeswitin oad dmbogiiabnidsitthe peskepe iveatian; vi ew of the
pressure regulator of FIG 3, illustrating the

kAR NI FRE. ¥RDh cmysts%c% él%@%ﬁﬁ%@sé%%ﬁ{;&bﬂ& FIG. 2,

accordance with on enbo I ment

i"HMtﬂgoﬁi@ema[yootfswalmp@enés ef the npsﬁw¢ veguatenirodccordance
Aih SXeEPABENMERBSS AL rEsit idvaRtiBpessure regul ator of
FIG 3 in accordance wth one errbodl ment of the

nt| on: 0019 sectional view
@#Oqﬁﬁ glé n‘g ?n aglgg rosf g#gf cB}al ﬁe& ofgtﬁe[q%s;smre ﬁe%ﬂatféof FIG.
$s a detailed sectl onal view of the pressure regul ator
of FIG 3, illustrating a danping feature disposed

[oiotBj n Fhe. Qiseéaéfaﬁaeﬂ%@Hiu@ﬁé%iémﬂofztﬁe%ﬁéﬁﬁé'?%%fwo?Bf FIG. 3
one enbodlnFnt of the present invention

D68 RSP ases! AiRSe TR ] BassEdence Wi epe Frodimentofdhe present

ifleédtidred sectional view of the pressure regul ator of
FIG 3, illustrating a load spring adjustment

En' ?f@%l@ nﬁaﬁr?o%ga@eggf%g%tggsg 'téree g:t'esos[xret Pegulator of
ﬁ%@silb@&@tlmme slbging of sapplgpertplo&tr}e presssier regulator in
49 aﬁ{c‘éfwuﬁhaﬁé! b SRRSHAL gﬁeﬁf eAf inVEHEG,;Ng @ spring

chanber within t € pressure r ator I n “'accordance

odi e of .t resent invention. DETAILED
[@E%Jéq %%2[? I@ﬂ% I%@Eﬁﬁ@‘ 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;

[6018] 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 piate of FIG. 8;

[0020] FIG. 10 is a detailed sectional view of the pressure regulator of FIG. 3,
ilustrating a damping feature disposed within the pressure regulator in
accordance with one embodiment of the present invention;
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[0023] One or nore specific enbodi nents of the present
invention will be described below. In an effort to

W Rusehe3@ conci se description of these 10 enmbgfiTi@nbeneises?

all features of an actual inplenentation may not be
described in the specification. It should be
appreciated that in the devel opnent of any such

actual inplenentation, as in any engineering or design
project, nunmerous inplenentation-specific decisions
nmust be made to achieve the devel opers' specific

AR 601 L gk ReE e Ve SRR fegp e g Thteept F1o- 3

plostratingl vzt sgiringradivstareat mechalibmdo\eecordaznce sWitudree be
that su a dey prent effort mght be

a'%'ﬁ‘ﬁ?@(eang%gtﬁ ﬂ%eseegwgﬁ%“??ggl gut woul d nevert hel ess be
a

routi ne undertaki ng of design, fabrication, and
[RO2d] acFifFelf by a F%Qﬁ‘omldﬁi%ﬁ/a@ RXEMPIALY |Pﬁ@s‘~‘tuﬁ% regulator

RenRg h a‘bfpaHtU§ foﬂ"l@s‘ﬁl%é mgzéhe[nQQ&“\lntNVi e pressure regulatorin -

i ntroduci ng el enents ari ous enbodi nrents of the
BFGsEgRIce Wit SRE EBRLOUIRENE Y e PERSONg TWengAh: t he. » and
"said" are intended to nean that there are one or
m‘re\lbenmesemntmn .OH'BEEWI@EMBQNMENWQ, "
“including,” and "having" are intended to be

[dqtlaysi Yﬁ]@*ﬁrdmﬁ?eﬁgpéaﬁé eltnBS&?n omeaaasémqn@énmn wilt be

el emant s ot I'i st ed eman Nor eover,
degcriped-hedpyv In o Effomto Wld%g@pgmse %Fﬁwm efithese

léﬁfbbafrﬁ &8, Af febflfes of 8~ 1P lnﬁﬁgﬁlehfﬂttoﬁQHH? RLEDE Besdtibied in
does ~not require any particul ar ofi

vaseiseton] Bowepitig ApwgciRiRg 5. MHBS YRS g apy such

aetuemﬁrméraémaﬂbnl !a$ ngawém@mérmg @r dedld;mﬁtd@dtﬁﬁbmerous
e.wWth

e latioDesaacl Seglbat g Cog HaeR e hiey e he Beyeiopers
bpedific gadiessueht aaacmmpifamie it esterneaelataed ehd dsisivebs-8€ated

OB EAtE TRyl (90 FofiBnk dhpjesii- BEHDAAikeRY BbRBver, i
mwwsgwm@qa@@znaewmme:opmenmﬁqrg mightfleeceomplex and time
s&wmgtb&%ala %%Qeﬁﬂéﬁb@%‘@ta rof n@ﬂﬁdﬁﬁté&&? o?&é’é;ﬁﬂem

extractin e resource rom Via a
fbricatan 299, m&fﬁ'éfaf:é;(@ﬁ?ﬂ thege gwaé'rmeklﬂﬁgavw@ t@ﬁﬁlee?ﬁfoof this
HidcRsM, i ety of drilling or extraction applications,
|nclud|ng onshore and offshore, i.e., subsea, drllllng

) BT el BiBre R eRR T RERPE B hE A dr e prosgnt
nhvehimrn ghe agicmtes” tang’ "the, T arwk"safd"tdre intetided ta measttaatidhere
S%ubrpé@ﬂtnoilg o{’ the' éi%'e‘?&’s. The terms “comprising,” “inciuding,” 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, but does
not require any particular orientation of the components.

{0025] Turning now to the present figureé, an exemplary drilling system 10 is
Hlustrated in FIG. 1 in accordance with one embodiment of the present invention,
Notably, the exemplary system 10 facilitates extraction of a resource, such as ofl
or natural gas, from a well 12, The exemplary system 10 includes a variety of
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to the well head 20 proxi mate the sea floor, and the
various equi pnment 14 and 18 is coupled to one anot her

WO Rod/830ri ser equi pent 16, [0026] As will be per/us2007/015662

appreci ated, the surface equi pnment 14 may include a
variety 10 of devices and systens, such as punps,
power supplies, cable and hose reels, control units,
a diverter, a ginbal, a spider, and the I|ike.
Simlarly, the riser equipnent 16 may al so include a
variety of conponents, such as riser joints, fill

¥$Lé Eg:%m: gr?c%{h% sHH"aE%e?&gg}e%t %er?iémlre?:su&)gl?@grﬁ he nd stack,
eauipMenk 8<for pxiagtingdhe ressures Bomdhe avaliet? Y@sﬁ)\?ﬁ&'@eadﬂo The
oy Mo FRGI Sl ey
FrRiicateRs, é“?I%IB%P”éhOf@cﬁPﬁlﬁI&h%e- I Quctibsga, @ilbvapplications. In

pm@g@tbg@f@s@ﬂ%@xtr@b@&vébpmnaﬁ th@'yu'rﬁéhg'é pr(ﬁﬁSM :E?ﬁounted
urce fromthe vvel | head

r
6 B8 o 6 B0 NS Ao ' Blgek SAwRmEns g coupled
tortbe metaeae%m rpoxintatd the t@a; t|:{srﬁ an?mwmusl éqm;?m?téﬁfh and 18

peration.o e s equi pnen is

I%coér?t‘ﬁp‘{)% I egﬁ% a"é’g %W?rb] SPSFT ST 1‘L%I]st em 22. The
exenpl ary control system 22 includes a pressure
W@&nf) at 6 Wi bgaprsedintetathe surisce\eguinseeitel 4 may indude alvariety
ofl @N;dd%ramﬁ@sﬁé}ﬁs SURhYB glinps, | How? Sip BF@?%H%%&I h@é@reels

Iurallt of val ves co portio

B i S PBR! & SR SEAHE hegcSimaiglly pibegiser

gquipient 16 ma@mlﬁxmiﬁmow ¥ v@r"@ Q@ BBMbonbMe, NidSa!FiSer joints, fil
sure regul ator an

I t
{188, BhPliorihyissaiy aRfessisn SmBrERS tGesehbra o pampdut a fow.
Tee usdr echéprapptr B faaticates ‘Itiahvl?ﬁss&ﬁ\ oftlie @Qtrégﬁgl rég6@de to the
e rati S Si.
Hrleds SRRTb N B P 00 St et e B 12
ressure |Is provided to the control system 22, such as
IBPSFA a bafRtask entinmentatGrisg (nalugeesa nuier bk comgheents, such

ddﬁﬁwbhﬁpr@ﬂr@ﬁﬁz% §n6/@? bFI:Q:ILI%ﬁIoH BF FOMTstbEt GRS qu?ﬁ?éﬂtﬁ‘lg the
%&gﬁﬂéas val ves facilitate mai ntenance

esPYFRient @ei%e*h?@ds%%%?ﬂrenwtmmcotbmﬁace
¢mﬁﬁom7éﬂ&&&6r2serwnﬁﬁ&ﬁt$ aWaRe @%ée‘?ﬂ PRIkt of

I t
T RRR Sop o 6% A Ralis o TR iﬁecogus‘éwjﬁisr%éiééﬁwaw
qootrdb‘aysren 2. Thyexahpldnpcasted rs?/\%tblm Bbmmdﬁ&ﬂbressure
i le
QTR A g 2 RO of PRVES 2R el Rk OB T B 10
I §og16(§m’p@wemnta;fone or more of the piurality of valves compose a portion of
a blowout preventer or Christmas tree.

[0028]  Further, in an exemplary embodiment, the pressure regulator 24 is a
hydraulic pressure regulator and the plurality of valves 26 includes solenoid
valves, As will be appreciated, 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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5 the stack equipnent 18; it will be appreciated that,

in other enbodi nents, the pressure regulator 24 may
wbeosd/gpnsed in other portions of the system 19¢T888d07/015662

as a conponent of the surface equi pnent 14, in ful

accordance with the present techniques. Additionally,

certain enbodi nents may include nultiple pressure

regul ators 24, which may be configured to receive and

transmt control fluid at the 10 sane respective

pressure | evel s as each other or, alternatively, such

3ot oS ot PR B Flnd 5By 0. e
fresswe ey atdr@d ¢redldsanansgardeny FGRS supply pxesguraty deliver a

ol BB Bl Siveriramb G Slshpae ko Wi e
redsura0epalatar@4anf top peasentip n!musta@rstzoamnmsl uemponent of
tﬂ8 cgn 8ht W‘i?\lﬂi'b%ga éé.?&é@ et}w {Nﬂ{ @}‘?\er 8%@”}?&‘&@ the

I'n gr eat er pper and | ower
mnaswagsg@atcma# B8y aeeﬂsmedmgtw potipnsefidine hyatemntp, such as

%gom?eﬁle or¥] fRhe sﬁ g%ruﬁm%ﬁF 45 Sel fﬁlpaéaf'dé‘r%e\ﬁrith RuSie8ent

0se t ement i oned | nter ormponent s
tarhmnkes. hé-dﬂléiﬁya“)G gertaip arpRogimestsmpy mthqgm,ugqp@pressure

r% RAGrIE, wrﬁél'ﬁmﬁg%e%?ﬁg%datﬂ%gﬁvé‘éﬁd %ﬁﬁﬁﬁﬁ%o%ﬂ’oi fluid at the

e lower housing 34 via a pluralit fasteners 42,

WT‘? EESPRSIeR Bressule lgvelras ea&“&@ﬁ‘i ‘P'y alt?'lnég‘t’ﬁ"&t gigh that two

rﬁ‘@’@@.@l‘b%@hla&ir@ 20Qddch réBéWe ﬁﬂ&@r&ﬂ&h@#ﬂfﬂddﬁaﬁﬁdsﬁﬁﬁ?ﬁ\@s that
and the 1o gglng 34, it should be

?f&tdéfaer?ﬁgge?“ﬁaé’”gﬁﬁ “836%9 38 may be secured to

the | ower housing 34 in a variety of other manners,
[oa2eLdi ﬁgenenmfwa)reissuratrm&or é’ﬂh@ﬁlum@hanﬁ EMB. 2. The

6@@&&@%@.@@&%&1@9aﬁ%u !:Gérﬁg or Bbdy 88 HaWhg an upper

ot her su t echni que pressure
haugins3dang £ lawgbhpusingnaésfoqu vmgavarwpsmtyrrﬁwmmnegts as

d‘}écuslélea ﬁr@@?ébt@ﬁdé’@@ﬁéiohﬁ ShsErSarkf Io%? eh&‘&%bs RBWHIB are

vent assenblies whi ch are al so

%ﬁ%&%%‘h&dowgb%ﬁ'w& 3t 37 epf &GP&%F SEEYSHHg tha upper
rfcmmgasz toameiderthe Er&emﬁﬂbue@ﬁwemamorapa%m& mmn%e body

A e Pigeavy AEfTETEY e@phoiet Fe At amtagShd g g secured

tb hiee mveerpicaxswg his% e&wpleralﬂguf hbtﬂne%cmn eréerss'@npas 42 of the

eBreg i uaERe sRivGERa® 413 288 e 1iRlan fidng cops 36 anc

34 anfck muhmlmmmousmglﬁéh itAhaGid209 86180388ihe end caps 36 and 38

rﬁg #93%9974001%3% ?ow@ﬁf:ﬁlgﬂg 5§ H@Y/ah&? of Bthe? &R QYifiBuding

accor dance
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 pressuré assemblies 46, it should be noted that a different number of such
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techni ques. [0031] During operation, a control medium
at a first pressure, such as 5,000 psi, my enter the

wpresswsm7r egul at or 24 t hrough the supply port sct®sefor/015662

the supply 5 assenblies 44, and the control medi um
may be output at a second, regul ated pressure, such as
3,000 psi, via an regul ated pressure outlet port 50

di sposed in a side of the | ower housing 34.
Additionally, if the pressure inside the regulator 24
exceeds a certain threshold, the control nedium may be

A5 S o B BB S PSR

techiiguesit ed 10 enmbodi nent, the pressure regul ator 24

Is a hydraulic pressure regul ator and the control

[EBG*I}Jm DOfhg eperdtvd! avbhollthedidm tha %hsfesem@uaﬁ BE5%5,000

Sy Bhtet 45 Db oo Rt 24, Byl ts SR BLis #8 §f the supply
a!dsleh&)i:éh 64| asd 8l caless h‘ltzdliiwrﬁ nnég{ bé batpult huatseabmi regu!ated

[ 0 a ont,r ol
SRk Bt BP0t Hiayal S iRehr e iifis! fost B0 pisposed in a
m«!mnf thie loweuinaligimg 34 hydiditionaty, pir the guessure Ndidd the regulator 24
%@859 QQ%ﬁaYM' t%Peds‘?'E'J?d tﬁ%”%ﬁw‘?ﬂéda&{% r’hgﬁ 1545 lv%g)?&{ ﬁ:q‘om th% regulator

I nvent | necessar i
Qﬂr tfﬁomt@@u@n&: parts 6L afthi: venti assambaes ésndn theepresently illustrated

eﬁﬁ@@éih@ﬁf‘tthe b%a}e @ylér;glt §%Eaz%)h?t &l sBFe ltelggl!ator and the

exen‘F regu at or rsto
G\%fémﬁ #ckydes hygrawi t§= e\l @he%er@bgémarﬁﬁanow&w.sthe

d@fntrbhﬁze@ﬁm@ﬁ@%@édmé@ﬂi%ﬁhﬁfeﬂgﬂ leJ::IIl 48 tarr?régﬁriz%d':dag‘

Not abl| as illustrated in
‘ﬁ%&ﬁ%@n%ﬁ Vﬂ@'ﬁéhﬁﬁwar&é#q%ehqw fhﬁﬂlblsﬁate%mﬁ@ementamay
refep b ¥ dbh&ﬁbmgd GOW;Iﬁtfjwap;tylﬁeiﬁedifF%ﬂ’Q&éh ﬁascnfst@bl Pﬁé)yapply toa
1. S se W I N u r
Brtf e i S nisRRE Bl Itblalr R aaRo i oe il 2eSd’ by

amlsm::pmﬂeyat bﬁiad_mpfem dhvertion 5{}&05@@&: bt l’fﬂd@skétgy l{bﬁ@(ﬂixcée chSe use

U I | ST O | SpOose

PRAF Sovtheflinin 5P BBeRstin "t ne suppl v

Elston 64 and the upper end cap 36, and is biased by
[9032Iht Thratnterpal ?@era on phtherrxegitarrenylatar| 2dsmexbedbetter

Lﬁﬂ’@ﬂﬂbé@ﬁﬁth réfeferc@Nio M. @B axkieRN dfe 5EEtRIMENVIERR of the

A AT R P A R T e
lodrer hdusingPe gehenatlyy dgfidds kDRl cHamisdries sugply chamber 60

AP AER R el 82, 3F Rty giip T RE < aposeLV s a RS chamoer

Q@ae&teads donbglytheatupper end ody 86, arid id bisseddiy & xtppig load spring
G%Wigbtfg%d;v@gwgﬁ %%p% rﬁ:}.@ﬁg% 0k nIa Ilfly? %Et %ﬁ{bq] &80 c?fgposed
within the vent chamber 62, extends through the supply piston 64 and the upper
end cap 36, and is biased by a vent [oad spring 70. In the presently illustrated
embodiment, the vent piston 68 extends through the supply piston 64 and the load
springs 66 and 70 are disposed concentric to one another in the same 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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8 WO 2008/ 008307 PCT/ US2007/ 015662 [0033] As
di scussed in greater detail below, pressure within the

woeup@asmnd vent chanbers 60 and 62 may appl ypreTiiReesshises?

force to the supply piston 64 and/or the vent piston
68 that 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 biasing force supplied by springs 66 and 70 can be
nodi fied via a spring |load adjustnment mechani sm 72

[ﬁbﬁ%i ggg@ scﬁggec? {ﬁgqrgéte% 'a%féﬁpdﬁ%w r}ﬂ%@éd}g Wl@gn ﬂ%dsupply and

\:50) ) p@@mae%ﬁo awé 68 xesiparply a theugtfaiee fo m sup@luRiston 64 and/or
tHé%ﬁP&sf%%%@th%‘E a@t‘srdg‘éﬁ%t b bQé’ﬁE‘?&%@ ﬁ?@&i&@@ BytsBﬁngs 66 and

rrponents 0O nal ntaln pressure w reg ul at or
7204 regRectively ceuIchy that eurply porip4s éﬁﬁavg@t Bqartfnﬁz @F%'P% opened and

@m aﬁn@ba@era‘brfe.lcefelﬁ; ed by @Bhﬁéf;s 66bAd t?b%dnrﬁeefddaife@fwa a

ul a An ax sect i onal
'g %\‘?9 g '&.{t"&ﬁc igng 75 oged at preead ‘SV\“E BBP'?'H@PUS”TQ

W@Iﬁcaﬂisﬁﬂssemmgréél@r ﬂéﬁmb)élc{wf B iy 1o Qp@fl%@lbte? hﬁz éaxemplary
n r
SRR AR El OF Shriae tedls Shp s e iopheed bBfYdeD) thes
ddnipctheings rcxm_b&?am Ik @s s with pothi rec_t;laam Q4@1d&@dga@@ubrevent
e
b Bh Rl B0arPs a Dy BERATrort o ViR TR Flerer gt regutator

2%qgul at ed pressure to downstream conponents through
the outlet port 50, as generally indicated by arrow

(8034] OOﬁﬁ]ath Qe@tﬂﬁ{é'f Olﬁwaéﬂhé |eQ§h1rbﬁar?f'eéd?§co$ BRR wd%uédsln FIG.
48 and vent gorts under st ood w t

4 Priigeeery E‘h‘é"‘ﬁ’éf% ?%QP‘% BeHs dR are epadthecoptn @B“ec"“m or

fhrd’ ente}@tﬁd @p@l)e%ﬁt[ﬁm 4y, ad Gersdramy l@idl(ﬁiﬂtlﬁw A8 0vs 7t6t1€T hls2 control
w of can u 0.the or

e B BheeEBleL B top Bl ey ks AR sy PistpE453e

gevieraly iodictted bysapphy 781 Jhercobtrol Mid meganhbnmd cuthyt atian
t he I

BPTBEARRTA tn PRl Yat e i b e @l por 0. o0
geperailysnd@satmddyadrsaw BB. di sposed within t he recesses 86

to bias the supply shear seal rings 84 against supply

16695) p"ﬁﬁ@%p@@in@%nﬁ@os‘ih@f@# easﬁ%% dﬂﬁfla am?%ent p?rlts 5% may

exenpl ary I'ncl ude a first
b&a%%rrg?g Séggdawah sotepRitRdorg dgtalgd sagiana) vipavs ehRGS. 5-7.
I &g bids@hﬂy flluewatel eanwhfeat thé Hb@ df RbAREITILEE BP edium into the
rggﬂltal?’or%% th?o&gr}]wethcse %ngr\{r pcorllt%n:{)selrs ge%%'ra!ly controlled by motion of the
supply piston 64. More particularly, in one embodiment, supply shear seal rings
84 are disposed within recesses 86 of the supply piston 64. Springs 88 are also
disposed within the recesses 86 to bias the supply shear seal rings 84 against
supply seal plates 20 of the supply assembly 44. The exemplary supply seal
plates 90 include a first fluid passageway 92 and a second fiuid passageway 94
that facilitate flow of a control fluid through supply ports 48 to the supply chamber
60.

[0036] A control fluid entering the supply chamber 80 may pass to the vent
chamber 62 through a separating shoulder 104 via a plurality of pressure transfer
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30 [0036] A control fluid entering the supply chanber
60 may pass to the vent chanber 62 through a
weenagakiong shoul der 104 via a plurality of preggus07/6015662
transfer 9 WO 2008/ 008307 PCT/ US2007/ 015662 ports
106. In the present enbodi nent, vent shear seal rings
108 are disposed wthin a recess 110 of the vent
pi ston 68. The vent shear seal rings 108 are
simlarly biased by a spring 112 agai nst a pair of
vent seal plates 114. The vent seal plates 114 al so

e M5, U8 kP Rt WP RRF SRR, 1% B gposec
Witimat ieeeseh10 ohthebesntgistom5Budhe ventsheartsegbrings 308 are

étﬂut&ﬁf E%&SE %&té ¥?r‘n#acj 't"?? %gélﬁgi & E'IQPE“‘ tseaLE%té’se’f‘fti SPRE vent

rent ze t
g%lpfatem@@ gipo IpgiudRdirst angesesredLigrRassageways 116 %nd 118,

R éé\%\’@%a@f‘eﬁ&ﬁe#&ﬁi &f bet \V%té@ forPiratv’st gﬁaﬁ\BQr &2 frough

respectivel of erent sizes one

ORREPONS B0 18 PR &SOON UIHEr I8 ERACUPos, His Ve pepbrings 108
Ql@ﬂf%ldi{f@r%ngﬁltzbhﬁaﬁﬂfé supmsea%ngemm&trtm t%ke&ﬁdmyt

reater et al (0) | a, era

oo FsShadiarire ARdaTa orkie s iflen Sbiacdl f T ShdciFel, are
és&o af diffepan sﬁnﬁ thaa onendnofrertahddie dased lonthd pattidular sizes and
G Es F 4l Sediies ik 190 B FEGIRREA Ty A ARy Bftow.
the pressure regulator 24 through the supply ports 48
H37Ey | AniniiaLeperalies st sdanioles in i< ib wital §e sipply ports

5@ area§péH SRY AR ARG 5f§revﬁiéée&qﬁatﬁ%§;ﬁ%t & 9d. mtenor of the

draulic or neumati c_pressure wthin the su

e%aﬁw@rre%'aﬁcg -t Bhis GoRfigyatia a’!fav%t{'eafﬁﬂfmé a’eﬂﬁlb’“t*ﬁ gnter the
]Sr‘éﬁﬁur)é regsiatit mhréugrhmecadpgryt pes tﬂ?ﬁﬁﬁ %Lthhrbﬂgh @@é Rdulated

PBSRTE GHIIRL PaB B0, HE 5a-ETebRPBE vis L B aBARiatag vdrauiic or
pregsaticisreasreseithin pheatesplP Ghaabdr 60 esdulisdh iachrust force applied

@lihe PR Pifiah BdaRin BPech STisYaR \nlitRiesthl gBwos. However,
fre\odamimg fapée oheugiylead springt 66 thie frietivh detweeh thet shibdngeal rings
& &ﬁé!"s@él iétfes dﬁf ahBtHe *fn&%@%&ﬂb&%bﬁ&o o the s%%?f& %?ween the

chanb wa first pressu
%meésmm Q‘Mnfé hhe YPPefeeTEl 281 36 aheh apreseHnovEment of the piston

ihithé a;r@&ﬁin lﬁﬂﬂzamcﬁﬁy a&owep e@tnéoﬁna?st @*é%?ated bbﬁehé P%?Js)ﬁre

remain open_to al | ow additi onal contro
‘p'éh‘@ M%?URFH& CB?@%’% P8 i3 helow first gressuresfuedhald (whichigh
geh%r@llyt dietatgrdby t@fr:ctsanﬂmr@ﬁﬁﬁﬁhglft)’rcéﬁh@tbd’@iﬁv,e)tth@ supply

[essur e t,hr eshol ‘gdg S g ual to
epricks REEaB Foen Pragon: atulii oGprol SRER ey the phésure”
reguipdoreddt snd exit thraagR 100Ut 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 poslilon generally illustrated in FIG. 6.
Particularly, in the presently lllustrated embodiment, the supply load spring 66, the
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[0038] As the pressure downstream and within the
regul ator 24 increases and approaches the first

wpressukR7t hreshol d, the hydraulic force on supplrts2007/015662

pi ston 64 30 becones sufficient to nove 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
enbodi nent, the supply |load spring 66, the 10 WO
2008/ 008307 PCT/ US2007/ 015662 seal rings 84, and the

SEHIRIn bg%‘f-lsraﬂa thts %ScfﬂY E?;@éﬂ 5?‘ 'éfé[j éjlfqu é%é]d%cﬂ i ﬁ?éaéeai rings 84

rngs are nov osition
A r@ﬁ\f%qh itg gfully ¢ipged pasitien i “éwsﬁe a\wéﬁng& B are d|sposed over

grtdriebty d?fthé Q@co?ﬁcﬂﬂ@ Ekéﬁgizms@ﬁ%w:w%remé viffifh the

gressure wth chamber 60 reaches and

urpbé aeemher 0 r%qcfﬁﬁ@g@mreemﬁe%m fgst mﬁt-‘-%Wéh@ﬁS@I%tAt this

ﬁdﬂht 6@'1@6{5@@:@@ thée PPedHiLRS Sé’dt@atb?ﬂﬁy@eoéoﬁéﬁiérbé to be m a state
onsi rium

SORRIIRE i Sirehuhindad soheh oG HAare b ang 44 aligiosed and
a@dontm raeditrotowetiroug ravegliatenmh hhghéegoldatl ar thid.

[ wor.d at _this rati onal oi nt

OrerBLlF AL e ket ko 98 TR sef Shikeneriters o ang 6215
alsovesthe figstt fressure shreghelsis uaesitd tmﬁmjmy pistusthp tivee into a
- 4.10 t j
GUPE Ko Rloh M o iiEnt B fheorCs BTG 1RE 3041 B819n g8 thet
issite in eeningof thea@nt portsi$2openi ng of the vent ports
52. [0039] As may be appreciated, as the pressure
monbl n talkemay Bé%\d:ﬁﬁed‘@t@bl' as He praés@@%trrw&fe bl‘éssure regulator

cre eyon g é]ﬁtpressure thres n

FB’% ”%ﬁﬁf’u‘%‘ﬁe?% ?mﬂ‘ff frl RIESHrB dNiSy ?‘Heﬁ%‘t"é‘u’%é’lpp'*ed to
heeest pistal 68 biytics rda@al pesutie@std trowitis, pagdiog tHovad piston

i,.rect

SRS s G rseuoR Faditet Yy SR g hedbeilpme: prescuns

Itembethals@pondh prassnte {irestwid GBe apdt pistun &kahd vengseal @8gs 108
SRS o o PR HE b GR TEs PSR 7, e atows

Wrttfml ﬁUlﬂh@thI@ the ventrabemtsz 62dothe venteddulafithe pressare regulator

ﬂ@gwngpﬁﬁggbator 24 via vent ports 52. 20 [0040] It
w | be noted that, in the presently illustrated

th st {
@ggﬁﬂy "B 5 BeciBRL naRe Bisecoi MR Gelesrem b asant Che supply
mﬂwerﬁ!mﬂcbfhetMt Pigugn 8 pns;:] operat: mﬂdpémwitysf s:aalarbltrregs That
t he ort
PRl ARt by | REl ROBRIA = Sy Chsl P o now
tt»mhstéalsupptygmrtsor&l isHadepmmenabf meo‘nnwerméntfd)fownt piston 68 and
Vel QUG iddie1 08MEt BOAE Ry ontFilow 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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25 i ndependent operation of the supply and vent piston
64 and 68 enable the use of two separate | oad springs

woGoesiehsy that nay be specifically configuredptarusanoroises:

desired range of regul ated and vent pressures,
respectively. Further, the nechanical 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 30 internal pressure of
t he pressure regul ator 24, and thereby enhances the

BB o B O B VLB A 2 bk hebypgs 04 ana sea

wms éoﬁwuicge@qmegpa fricsignal forpstrivutaie ta botlssedsofiing seal
G4 84 ANS %819% %@Hh)daﬁd(‘?@ﬁt' s %E'ﬁ% | thgga'?@@e?}yy
he sea

ri but abl rnngs

file%tratﬁﬁ @"mf’éfmnhar@ subifoted ta @mg timfrﬁﬁan@éorqs atiibuted to their
@Jvﬁ&@ﬁiécy ive |slebH$ﬁ§sa$t?§n@ Wb@‘@in%tlo%r © a?%h@t%r?@rebféd by other

onI t he r| ional force attributed to'their
é%%%fi't‘ées S s $43l3 §4I34Caﬁ%ﬁqi@@“(-u the S4BPY; RﬁfﬁOf' @%ﬁ*ﬁﬂ the vent
f).ewnt 6D Brecémit ﬁﬂr@]&bs@bh@lﬁ/e 16 QTRRIAEA fcre S Or dScregsd m the

diebsud BRI S sl BembER B el e Ve cheiipriar, S Sxample, in

theqyerasal shatedd @oetibeumilibdteatedd reBi3II6; avduddien ihdrease in pressure

I d h 62,
AR e LR £80 SACpL0Fa B SDRRS) o R osing of o
dowasiteann adiviencisgs @y thesvaid eistom 68 enddts asspriataliseal rings

‘é@s W bl é{?'ag lroqgalo‘%ﬁ o@ﬂ%ﬁ \&%Q\ierﬁgq{h&sat&i]ﬁ‘nt F i%aL?S?cg relieve

a su 03|n "'ve
fbﬁl pressise\algup Msthtshthesvraw rg regulaton eﬂateemllarésalthe umwure

réplgll?tst?rr%tﬁreﬂda}?&ﬁgré %&I&k@' BFeﬁ@ﬁ{s@@ﬁy bbﬁﬁ‘ 4@?%263[’135& By moving only

thEisuBRlY RIFIRIGH anrbthsrsant ings Bdgia altowr audtionsl gentre) fjuid to enter

thB&UPPBASHHNber B0t cHrdberdatd Ry o 'SURIeA S iV irRR AR E)f'é%sure
supply ports 48, such as by noving onIy 15 the supply

Bo3eP o1 M e8Rn chaflbots I sy S RaBEpDufi b8 Wearcany

esfigerashibasedorn thesgelieetrids @f their fespectival seat eagsiBd. For
gg@ﬁaé ihIné Biltiictim mﬁﬁ&ém&g h FIGYS SURPYYad 8RLublH, Sipply

e speC| |gured ase
%@bﬁtﬁt‘?— Beén@f—ld@?neln ﬂ"?@é‘b epening os @pkriuient2s gafingtbby the exit of

thé%b@&ﬁ@ pabéhdé%hyeéﬁjgﬂé Qﬁﬁécé Hkb'%? fl'%tﬁg)p'! t%:ahﬁﬁ 9?0 aRg witl be

, an _exenp seal |'at e

SHPERa EB o BIORY SUPbI SERL NS4 514150 FrdoRs atan SBleatvaly cover
a*rhﬁu [HERAeR mwma@e&@mﬁ& 188 t@contrdiaew t]a%hghf thbffﬁnd

Sggéwégg%)z ﬁﬂﬁ%“g Es (ﬁﬁssg()i ﬁﬁ\je ﬁgfaﬁgé al[x% exempf'ary arcuate
csmlnmg i 2@ inchuiweaurved 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 identicat 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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and uncover the arcuate opening 128 to control flow

t hrough the fluid passageways 92 and 94, as di scussed
weolwesnsidot abl y, the exenplary arcuate 25 openpouus2®7/015662

i ncl udes curved inner and outer edges 132 and 134,

respectively. In certain enbodi nents, the shape of

the aperture 128 is related to the shape of a

respective seal ring 84. For instance, in one

enbodi nent, the curved outer edge 134 of the aperture

128 has-a rate of curvature that is substantially

cuflRi infat e&g?e t!ﬁ'ﬁtma)ﬂ?av%rb ES cﬁﬂvﬁ:ﬁH@Zﬁa&E% %@?ﬂéntlallyé%entlcat

erineter esea rnn
58?% pyigr chlﬂrﬁEemrﬁﬁﬁe@f bageabing@4. Qg‘v%rrcwf igurasione in which the

cUhRg laﬂe# and BQ@% %Bbé@H B¥ of 938 Grél EBrﬁfigtL%é Babdf oft Wi durfaces
e f}‘ ressure with he pressure
q?g?ﬁj 5 a‘§%8 Yi§R¥9%hl |y equal to the first
ressure threshold. In sonme enbodi nents, the 12 WO
[QM/ 0083 AP CT MelSRS! HRies 694 (lﬂm.ﬁc)ed'\dymﬂms lr@ﬂgﬁ drddperture

ﬁ%ﬁnaﬁﬁ 8n e@b@ & nc?c#ﬂ; nf 8 Qr[: %dhg Ak ai\%n?g'%ﬁ %@t a\flx?n Repssure

entrcal r clrCuHTer énce 0
vgthin ﬁlﬁf@guiﬁé@ﬁzdg@r%lbﬁtﬂﬁ@ailmeml ¢t theneecopdrpresisura ianeshold.

VaRite PldtRia) 6%@@559(3 %%d qr., dlrﬁéy{ Bé %uﬁ&%&h&!jﬁﬁgn% o another in

ot her surfaces rin

SeMA eRpedmants, dbaﬁpesvﬁﬁsmrﬂn@ seq plats 99en1d bl4amey instaad have

diffdrént §ies!’f&yg@$rﬁ6tnb8 Qﬁélﬁ@n@ﬁné‘ﬂ%? ¥diﬂ5r%vnde|}ﬁﬁer'eﬂ?h&g‘?§tes
coincident to an e a vent seal ring

iR el &sPecig prisRoRenp Sg e’ piiezences i the gomelties of

sedlririga®4 ahdiyioegqual to the second pressure threshol d.
Wiile the seal plates 90 and 114 may be substantially

OGEA |  Leridin BAbAAALARIof i pETR: RIBNITRY 21ed HEiyce
dpEping teagires sweinas Hiat d&lstwtegeo ﬁ@r f@swhibh maynenreroehsability
of helprevésle ahhibesan Ad ﬁ'}%{grb%ta g@{egggﬁl gnd&é}ﬂr{creaﬁ% or

respectlve passages and ( t'érences In
JBEEREDT NERIEgPUresWItIn S systera baging the @xe el praaskara regulator

2ermqnmream iAétahbes, RegRERtar m@éaswaeré 188 c@'ﬂ%ﬁj :*stﬂ?&t&'r‘ée

n? acaﬁnph?q f eat ur e, su’ch a% th illustrated In

iy fEgreasr siabildy uf IWWSYE?%f Thﬁ@xsméawud@mpmg

feratygrel iddsirat@ein G Mymag r@cﬂﬂ{e&ﬁbaﬁ@gimutaudﬁ%nch i‘rﬁé%ﬁ@ﬁ In
e W n,a systemh

off TG sl aBEBF BRI B AR i Samber 140
fqrmdanctlesemd espl36 and etmﬁlgnnmsﬁorrebéneeIaav:ehn@feature 142 of the
s%dﬂﬁ Fhs%r;]ki&t wsemli b'&.lﬁfep‘?g&ét%ﬂ[ iy %agrﬁ% r?gl?f%fs r"ﬁ\?alglb'etéécured
iq o1 iptegraliveth he smp@ty metqmeﬁiA ridciably, theemadiggifeatdes 42 is
oIl MELABLRHIR The H8mping 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 longitudinatl
axis of the supply piston 64.

[0045]  For instance, 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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20 one enbodi nent, the danping feature includes a
recess or danping chanber 140 forned in the end cap
wadoeesmbsmonfi gured to receive a mating featurept4as0d07/015662

the supply piston 64. As will be appreciated, the

mating feature 142 may be secured to or integral wth
the supply piston 64. Notably, the nmating feature 142

is configured to fit within the danpi ng chanber 140

and provides an enhanced 25 cross-sectional area that

i ncreases drag on the supply piston 64 as it noves

'I"’Hrlf[ghg{é H@aét‘i’cﬂgﬂ)é!h\%%ﬂrm en@e?ﬁ d?‘%%%uﬁﬂgkﬂs‘(on 68 Al ??e damping

mati n udes a sur

ahgabard @éﬁ@eﬁlqoyltrpbfwﬂp@ mifhirLtharchamhen d 404 githeupans through
{A InSatfg fEEﬁ’Jré ‘1 QE'vYa Bhes E)F’ﬁ":o?’éL blebg(}ﬂ:ﬂs 1201 o él‘%hﬁ@% O@%r

pressure wt y nber I NCr eases,

%f&ﬁmfsf%figtoé Hl%maﬁﬁg aatiie H?e “Frthast e %Pe@mt [y guide
g 296 AyadiEsePshduiehe sl baﬁh%té‘rﬂﬂ@@e )Ma‘tlh? 'Peétbﬁe 142 to

nmber 140 t he cont um Q
ff%“@bngwgﬁméb? Bpkro i S oce SRR MEtRe I oné
émbediaint, dhe RabisRaon ﬂiﬁﬂﬁ’ﬂmﬁpiﬁ@ chiaghizy ﬂﬂb)enﬂltﬁé avatiod feature

chanber
S s arlBY s S BSaste e idep bl it o Hiiatructure
inwractipniwithinties frkdsureeregniata@r2aor e bl eed ports 144 or
around the outer circunference of the mating feature

[33636]DFUI?\BBﬁ6nai'I oﬂ@%r PRRe dnBtime Ats bt tHE Ip%gein'f‘ Ew?eﬂﬁ?’on may

ISpOSG about the outer perlnete
Nl decait axemplapy spring lgpd RaiusimAPbnechanigmA2. eggenerally

iveNEted if Fi@.d 1arayns pﬁé&nﬁ%ﬂ!@&tr@t@ﬂ' éfﬁb@&tmehﬂ htﬁt‘é‘deustlrzent
chamber

R Az T HCP B B0 GUBR 18! SR P APy T AL Bcafpied to

the endriap 4hendiogieats ahb ehelppatrouing 2l Huﬁhéru Heusdiustment
ressure. re

LS B e ol G BRGRk B Pl 4 BP o hE X6 Hafy plunger
1|xﬁﬁesefnﬁe‘a doeets mplnmysa.amsmnsadomum remessme nﬁbawynch extend
1Rt RPpAGE: 758 ALY pofBERRRIAT boR 187 (HTHE, i tugyupper
hewising 3dnThe pins ‘diﬁ canpenate Wlﬁeﬁ:lbalwtsmﬁz.’/_tome\lrem estation of the
AR 1B A 00 TR 32 ThORBhabSerBHRL MM EhiusthEm:

nto

SEIRW Heft Wltm'@eaah"mrrﬂé@tfa%ta&&@win@rsasiﬁgmr@egequgf the

Hidihg Rﬂf@é‘ﬂapﬁhéﬂ iy]éﬁi v&‘i%t@éﬁ%ﬁ'a&?‘fcﬁ’fi@kﬂ@ggﬁ ParRularly,
i ncl udes osed wthin recesses

1860 SApRediTERt EAi@ o ob e FRIUTMARGSF oY 654 Rone figsoton causes
axtz hestiponstithg pRingies 156 2n frerdirdtivh ideherdilendip@ed by arrow 164,

thereby increasing the biasing forces applied to the pistons by their 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, rotation of the adjustment screw 154 generally does not transmit
a torque to the load springs 66 and 70 or the pistons 64 and 68. [n an alternative
e'mbodiment, an adjustment mechanism that allows independent adjustment of
each of the load springs 66 and 70 is envisaged.
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25

housi ng 32. The pins 158 cooperate with the slots 162

to prevent rotation of the plunger 156 within the
wooas/ooRmasi ng 32. The engagenent of the adj usteaants2&0/015662

screw 154 with the plunger 156 facilitates the

i ncreasi ng and decreasing of the biasing forces

applied to supply and vent piston 64 and 68 (FIG 3).

Particularly, in one enbodinent, rotation of the

adj ustment screw 154 in one direction causes axia

noti on of the plunger 156 in the direction generally

[EBQ'QC at ﬁgﬂlkl)é(r #H Bﬁgvﬁ%géd%mérp eér?@(e b?@l%sggret J&%ulator 24

or cés
m@gﬁ@@an \aepa@tu@a:d fiephingdise mrmwfm umpen hausing 32. Notably,

QQte%hﬁﬂar?f rd r@%#ﬁ’étﬁ?ﬁi m%ﬁfcﬁz‘é’ afidd 'cBn?U;?WQ RRAohRects a

Irection an axi al novenent un er

VESE PPR sﬁﬁ@itrﬁﬁf‘ doet eprt 1gtfremed iy thaend see ¢ OpyT ft%%—"'éﬁpwft 172

P be %@ﬁ@#kﬂl? dé?ﬁealuy%@bnﬁg%& 18hd 4R safuAlth the vent ort 52
rotation feature, rotation of the adjustnent scre

54
HutiBlet PP 1dGe EoSRECYS! %R & NOSE %P'a&é 804hehexteads) between the
mpum@smananﬂsmcx@metMt pbas$ sl%réépaﬁéb GBe cbAtraNMiuid being

ok B9 b8 2R BB iy B A R R T bt 172 e

:hmaajclsmhbmngﬁ& ahith e ichdespring®Peghd 16 ab&h@ﬁﬂﬁé@OﬁQ%y be

TR N e ML U S, FEV T
appad treuglufger 158 shich gstthveupghtflew portsofiorinid in mﬁeplunger 156 or

tQ%%?éMS%Z ﬁi?%?%ﬁsun&%?ﬂl?éi%ew% Hdihroligh &%91:‘1‘1 ?Ht%%rr 182

I ncl udes con tha conne
FerexisIheichamper thipegh mbie&dnoﬁ@ﬁﬁédhsmseﬁ@t @ne ergpf the

Lfb%er EB@T.EQ@zd g n%of" @J.%eﬁtm 8% aenss 2bbaraflsh bﬁg%

cou secure to t vent por
%@H'W@ewﬁ reguator @4pthetroyiing of %FPﬂifQi ﬂhtsistérmhdhsélwd
cbRduft hap atRBe r:h@thSﬁaBeF *’ﬂ@z nféa,wmslh%alﬁéteaﬁ@nm% spibg

he vent are opened control fluid bei nﬁhe

@H‘tb&'i 113?&%‘3(‘?@’ (ﬁ&ﬁ‘f"”@rﬁﬁb’%@'ﬁ'@%ﬁ?""ﬁbﬁr Batee litenvidig

stphagfchameeqagwm oihé’ %W.menﬂ; ehécichav@emallsd Pe \WaHEH to the
n

he e} ri n re dis
Bt et 881 Phyepy Srimel Heha Gishng 1o spind Fligmber T2
chanber 182 may pass through or around the plunger
[9948] s dthiladne nventon Manbeauaceptietetatious medifloatiges and

altéﬁwa(?ﬁ/e foiAss, gp‘é@?fﬁ% |m His%a@&%%%wé%gﬁeﬂy Wa9 df %xample in

hen routed th roug

*%afﬁa‘éﬂgﬁ aprg m\gﬂetwnmeﬁ@@%n@t%mw@ pbgy@valt. ltcﬁli@uid be

uBBErsidod Rt thP PReniGUE r’{tﬂ .raandémtc%@n@ﬁbe% Wéamcular forms
[a on of

rel ated t o, suhsea o
disticiets Rtodt 15E SeBion (8 bestr FhmasicBd e aualents. and
altbrratigls faing Withith the spirit and scope of the invention as defined by the

following appended claims.
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conduit 172 and the spring chanber 182 may flush sea
water fromthe spring chanber 182, thereby reducing
or preventing gromh of marine Iife within the spring
chanber 182. In one enbodi nent, check val ves may al so
be added to the bl eed port 184 to prevent sea water
fromentering the spring chanber 182. 20 (0048] Wiile
the invention may be susceptible to various
THEORchtich @lainass:and  al ternative forms, specific
enbodi nents have been shown by way of exanple in the
draw ngs and have been described In detail herein.
1. HoVRss e rediulatos pronirisings @ hourirgesomsbrising: @ sraply phréthptfeditatésorceipt of a
P%ﬁ%@ﬁ MeAUBMEE the h@yéms. 37 Quélet rog thah i fateﬁuoemwa@g the prpgsurized

h nstf |ce a iR n :g fa i at Blepsurized medium
OUS] g a first p Ai5R0s n eai ring disposed
O{%{a{ éc;g% &fq esﬁrsE gbr\?a(\thgﬁeﬁn the lﬁdq ggng% #f éi}tz ear se%l rm% are
ddNg s EohfAG fIWPbil thd pr@sﬁgnz% @lurq th Jbﬁ ?ﬁ‘ ased on
a pesdef wihedndhouking a Je@éﬂd%td%g:hs%&é@ e , whéreih @ portion of
thd st orrveentiipBondd dibpeel wishin dn opAnips estsel bﬂaerr egu  8drdEhear seal ring
dignosgorwitbinrageceas Horsseagndadstqur wisdreig the se®ug piktpn pat the vér@thear seal
rirPaRcs Ponfigttress tor seteetively C@ﬁthé flowy pletse RicsgusERcmBelivmmttvigushithie vent port
bEEOHBRRERYE WHINGIR 1%EN$hort that facilitates
outputting the pressurized nediumto a downstream

2. GRY beSsurdfabuido & Main? réomﬁahir‘ %%Fs b |obd %rﬁéfxé ALk 0fnih B housing
arBlcB8FgLred eﬁrﬁq}spm& Ti6HER & ﬁge RUSIHEH ancPa $dcbid 108 sphif\disposed
withinaposRSnybridtoRfigulze tch@dé& la@@son@b@éirmbr)ﬁe sh@ake@fdbistoh.Ng

di sposed wthin a recess of the first piston, wherein

the first piston and the supply shear seal ring are
3 dopPregee Faetos &f eleim 3 ethgrefolie fitst ard erfoedt loptheprings are disposed
Coﬁ?eé?g'g Y MR EFSPRELICGRT E1Tgh the supply port based on a

pressure within the housing; a second piston disposed

4, Wb DR drO GRS 'opgalmv‘@%t‘%wh fhe PR LIsRA 1©FonrbhtEy td fdle Ara first
dlréﬁi@ﬁ)ﬁﬂpdéltéith@mrétf’ma@inﬁFﬂ&&? rdbdoRdd o filPREERE iRTordsBlRe within the
hoodifeer ; and a vent shear seal ring disposed within a

recess of the second piston, wherein the second piston
5. Abrpressareyegyiatas Rbeigim dewlierein tha gecaneristomis icepiiperdd tognove in a second
d"%%‘P%E*PFW*éﬁ e R0 Bpsitg Blke &t reFFPPé‘S?)Pé:,%%?'?dz'é‘He%édi pgpsure within
"$B8l9h the vent port based on the pressure within
the housing. 2. The pressure regulator of claima1l,
6. AREBleb Sk Biguidtof bif §dim |50 AeRRIthd BrsOLRIPRESE WeliRhd aFethrbstantlally
iddnedasi ng and configured to exert a first biasing force
on the first piston; and a second | oad spring di sposed
7. \hhe gssure ieoulabn of ¢igm dndheceim &t lepst eng of the dssbertsegond eistonslincludes a
daﬁ’P'ﬁ% fealyrertbit aprqsAs MR SEBB figt Yisetont pistn iInthereppastva firs or second
lr?‘:é’@ulator of claim2, wherein the first and second

hRABreSRId RGaBN & ik ROSGhrisif M dfRlIeHS W&Q 55 3RE hables
zdﬁlgmgrﬁl%f %@thsﬁagtﬁd e%concrﬁ- O%pré@é%ép 1te5 “ﬁ: L t f|FS ghdQetond lbolad
sprl@@ W?Hld’t]t 49p8ink laht&bion @Fc’.@r{’o ¢ifhelCdd ﬂkk@%rﬁﬁ%a&&wd%\d%ﬁ:d@ a

firs

9. The pressure regulator of claim 2, comprising a conduit coupled to the exterior of the housing
and configured to enable fluid communication between the vent port and a spring chamber in
which the first and second foad springs are disposed.

10. The pressure regulator of claim 4, wherein the first piston is configured to close the supply
port if the pressure within the housing is above a first pressure threshold.



direction opposite the first biasing force in response

to a first increase in pressure within the housing.

5. The pressure regulator of claim4, wherein the

second piston is configured to nove in a second

direction opposite the second biasing force in

response to a second increase in pressure within the
housi ng. 6. The pressure regulator of claim5, wherein
11. Be prleisite RHILIGREORRH B WEGEh MRTeNE pRIBR Kt BRfJuRLIY open the vent
paridethé presdure within Thehopsigsis db@e b egtdhapessuafthesiaian 5,

wher ei n at Ieast one of the first or second pistons

i ncl udes a |n feature that opposes notion of the
1%i1p §tpfea%u Qg'ﬁisrf %w iMFeieietne Eshatt TegendrRistaits ¢ configured to
0%%%%ﬂﬁme eP% P8 The pressure regulator of claim

5, conprising a spring adjustnent nechani smthat

12180 lbRSsur@fguislofBNdiaiff 1, therelnl hé bredfife RQGORMIsH ﬁ\ﬁi’raﬂu@c pressure
reb@stses applied by the respective first and second | oad
springs w thout applying a torsional force to either
of the first and second | oad springs. 9. The pressure
regul ator of claim2, conprising a conduit coupled to
the exterior of the housing and configured to enable
fluid conmuni cation between the vent port and a spring

chanmber in which the first and second | oad springs
are di sposed. 10. The pressure regul ator of claim4,
wherein the first piston is configured to close the
supply port if the pressure within the housing is
above a first pressure threshold. 17 11. The pressure
regul ator of claim 10, wherein the second piston is
configured to open the vent port if the pressure
within the housing is above a second pressure
threshol d. 12. The pressure regulator of claiml,
wherein the first and second pistons are configured to
oper at e i ndependent of one another. 13. The pressure
regul ator of claim1, wherein the pressure regul ator
is a hydraulic pressure regulator.



