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FIELD OF THE INVENTION

[0002] The present invention relates generally to pressure regulation within a
system. More particularly, the present invention relates to a novel pressure-

compensated accumulator bottle for such systems.

BACKGROUND

[0003] This section is intended to introduce the reader to various aspects of art that
may be related to various aspects of the present invention, which are described and/or
claimed below. This discussion is believed to be helpful in providing the reader with
background information to facilitate a better understanding of the various aspects of
the present invention. Accordingly, it should be understood that these statements are

to be read in this light, and not as admissions of prior art.

[0004] 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.

[0005] 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
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Further, the amount of pre-charge desired generally depends on the ambient pressure
in which the accumulator bottle is intended to operate. Consequently, movement of a
typical accumulator bottle from one ambient pressure to another (e.g., between

different operational depths) would often necessitate an adjustment to the pre-charge.

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.
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foll ovmthgseleaﬂd)lllSEdsmk&ﬁs aBMGIIonTheser@demehts and additional features may exist
individually or in any combination. For instance, various features discussed below in
relation to one or more of the illustrated embodiments may be incorporated into any of
the above-described aspects of the present invention alone or in any combination.
Again, the brief summary presented above is intended only to familiarize the reader
with 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



WO 2009/ 035945PCT/ US2008/ 075607 reference to the acconpanyi ng drawi ngs in
which |ike characters represent |ike parts throughout the draw ngs,

wherei n: WOQMWJBFEs 1 is a perspective view of an exenplP@TyUS2008/075607
pressure- conpensat ed accunul ator bottle in accordance with one enbodi nent
of the present invention; [0012]FIG 2 is a cross-sectional view of the
accunul ator bottle of FIG 1, illustrating exenplary internal conponents of
t he acaefarbat®to thet ddoenmpargyoupddavicgs it Whichnike ahiacalitemsntepedsdrit dik@ pagent

I nvent i En; 001:ﬂ FIG .3 is an additional cross-sectional view of the
accunultBI19NeYt Nedr@vitgssWherein | ustrating the introduction of hydraulic
fluid and operation of the accunulator bottle in accordance with one
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pr essurascuorghaios hoitlenn gicsowliangpovithaone gortealbvennofdhbipsesenirireniios; i n
accordance with one enbodi nent of the present invention;

[0012] FIG. 2 is a cross-sectional view of the accumulator bottle of FIG. 1,
illustrating exemplary internal components of the accumulator bottle in accordance

with one embodiment of the present invention;

[0013] FIG. 3 is an additional cross-sectional view of the accumulator bottle of
FIG. 2, illustrating the introduction of hydraulic fluid and operation of the accumulator
bottle in accordance with one embodiment of the present invention;

[0014] FIG. 4 is a cross-sectional view of the accumulator bottle of FIG. 3,
depicting motion of a pressure-compensation piston upon an increase in ambient

pressure in accordance with one embodiment of the present invention;

[0015] FIG. 5is a cross-sectional view of the accumulator bottle of FIG. 3,
depicting motion of the pressure-compensation piston upon a decrease in ambient

pressure in accordance with one embodiment of the present invention;

[0016] FIG. 6 is a schematic view of an exemplary hydraulic circuit containing the
accumulator bottle of FIGS. 1-5 in accordance with one embodiment of the present

invention; and

[0017] FIG. 7 is a block diagram of an exemplary resource extraction system
having one or more of the hydraulic circuits of FIG. 6 in accordance with one

embodiment of the present invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0018] One or more specific embodiments of the present invention will be
described below. In an effort to provide a concise description of these embodiments,

all features of an actual implementation may not be described in the specification. It
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i nvention; [0016]FIG 6 is a schematic view of an exenplary hydraulic
circuit containing the accunulator bottle of FIGS. 1-5 in accordance with
one enbodi nent of the present invention; and [0017]FIG 7 is a block
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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.

[0019] 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, but does not require any particular

orientation of the components.

[0020] Turning now to the present figures, an exemplary accumulator bottle 10 is
illustrated in FIG. 1 in accordance with one embodiment of the present invention. In
this presently illustrated embodiment, the accumulator bottle 10 comprises a housing
12 configured to receive and store hydraulic fluid, as discussed in greater detail below.
The housing 12 includes a hollow central body 14, to which end caps 16 and 18 are
coupled. The end caps 16 and 18 may be secured to the central body 14 via bolts 20,
as illustrated in FIG. 1, or in any other suitable manner, including through the use of
other fasteners, welding, or the like. The body 14 and end caps 16 and 18 may be
formed of steel or some other high-strength material.

[0021] Various internal components and features of the accumulator bottle 10 may
be better understood with reference to the cross-sectional view of FIG. 2. In the
presently illustrated embodiment, the housing 12 of the accumulator bottle 10 includes
a plurality of chambers, such as chambers 24, 26, and 28, for receiving various fluids.
For instance, in one embodiment, the accumulator bottle 10 may be coupled to a
hydraulic circuit or system via an aperture 30 in the end cap 16, through which the

chamber 24 may receive hydraulic fluid. As discussed in greater detail below with
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chambers 24 and 26, while fluid ports 52 allow fluid communication between the

chambers 26 and 28. Pistons 32 and 44, however, generally prevent fluid

communication between the chamber 26 and other hydraulic components via the

aperture 30, or between the chamber 26 and the external environment through

aperture 48. As will be appreciated, various seals 56 may be provided between

components of the accumulator bottle 10 to reduce or prevent fluid transfer between

different areas of the housing 12.



[ 0022] The exenpl ary encl osure 40 generally defines the chanber 28 within
the housing 12. In one enbodinent, the enclosure is positioned within the
central baoyeod3isush that the chanbers 26 and 28 are sulpstarstéoalorisotoaxi al ,
al t hough ot her arrangenents are al so envi saged. The accunul ator bottle 10
and its conponents may be configured to allow the encl osure 40 to undergo
relative notion within the housing 12, such as generally illustrated in

FI GSb q?azal]ds, D@ringhlmemlm' irt, iaol with Lefierwmeltoﬂ@és. GCB,Vthgh’niousmga dancgitheg 12
may be fixed in o ocation, Nota ,.a piston 44 and spri 46 are

i spos RISANE AR 44 eREPELY civids the ryeriar df the £XpreiiARBIERS AR S Qi ¢ hi n
the ac i i é}&ﬁ@ } d i I end
cap 18%%%%?@%%%%}%% még Iﬁl C ﬁgl‘ﬁ%ﬁﬁﬁtﬁ?& Eg%”nfh%ﬂé%% et ween
t he chadsirated eanibdirent negioon tidertrrespoedadd theintdréorgetion bhther hducsing €2 10.

e R B BRI sl R © P10
conmuni gaintsdt epaernttie HRATREBE afd tREGHIstEn 3shiWeaeh Ic@h@e@%téhﬁﬁaﬂé ow

i
fluid communi cation between the chanbers 26 and 28. Pistons 32 an ,
howev erGircyé s sisieyn gieehe @periuie 80 chenegianat vill genearebn cotiespanthisethe26 and

and t n G ok e AREPS AL i 88 SREGY i efondR M PaRELERRIRE: o
var i ousyoh@ab of 2hamber 26, as Wdliderthbet weetibrRosihs ehbmbelrs Pheinaiczaitnd: arer
bottle 10 to reduce or prevent fluid transfer between different areas of

the houBiflHigt ammupsatign9YiTBESAH BN ISDVE)/ e B PeD 221G 35 g iBkY at i on,
and wi trpgfo‘ﬁf@éf g@ﬁ«%’ dhds!tFne %héps%ﬁglonﬂ'f'fé 'or'ﬂ1e13h§rﬂgert :%Eg thhérta(ﬂp??cega%e_\[(g‘nd 44

gener al di vi e Interior o exenpl ary accunu or bo into
t hree riegweas thdpistar é4iandfthaiagertsiod 48i on from one another. First, in the
presently illustrated enbodi nent, region 60 corresponds to the interior

portio he, housj 12 ip flyid nuni cation wth.the_ aperture. 30,

P nbesh i ciehgtld Benaiad hat e iR RIGRe D 414 triens RE A ANRE 30 and
the pi %iﬂ'&hﬁﬁ?e WieRg pePaRth débehdiydbAYhé BositibR Wi thepistorl BIMhaMH a4t Nes
aperture 30, The region 60 wll generally correspond to the portion of the
chanberhyzifadierfiuid ig ingropycecinto ¢he ragion 6Rada tre gRerture 30 Presduie Wildésthenhe

vol ume of. c r 2 S I s t.hos rti of the ch r nd 28
Vhat arBoioh R Bl et Ao, A0 PR 2P aE Yl a8 el RSP T 16 s 0
and S52.mbv@abhythe’ gitsh Adstegetes Foads té ﬂwe_tthlmsmﬁéd)ﬁﬁlle/.(H. UTBishovdiBent
chanber 28 generally | ocated between the piston 44 and the aperture 48.

[ 0025] ItfansiBas intBEoAression sl thesping 3¢ WlIn hashameer 2theAsdyil BAs 60, 62,
ol . . . e
oi st on<pseeRFRL % AL Re R BY R IR LB e s SR 4 8 e Bl b oo vi o

t he apehdansowd thesphisgisscomplassetl h®©noegherpréSsurawstsn therggict 60 iSAo(and
the encl osure 40 if coupled to the piston 32) to nove _fromthe _paosition

i |1 ust r'angel suilgei tomaigtainhe spMgsamaurRiPfiGEntressign of e SRR A isuch
t | ] i f st i ng: 1 i ) 1]
rans a&&@pdmgfarg;zfeﬁog%g@%@ oftd By FRLIOGirdfh ¥ridcted REthe ﬁfre%.@?], gtﬁg 4W

be appreciate energy stored I n the conpressed spri is
r el at edspriogt3dewdimuusatt thehmgsts praznigwiasd ttenppedisred30, herebly Hercorgebgdraaliovltikii n

the regigon.60 is.no nger fficient to maintain the sane anount of
conpr eg&ﬁ&ﬁ%ﬁ regin thhrﬁé‘gng?éﬁ’gﬁu%c’é'pon a drop in the pressure of a
hydraulic circuit connected to the aperture 30), the spring 34 wll push
the pi q0oR6P2 Nev@sid ik RRidaRR touhe sphngt3ackrbyrdsenrd ot hyidrcumtained ivtte out
of the region 60 through the aperture 30. . .
region 62 may also apply a biasing force on the piston 32. In some embodiments, this
fluid may be a non-corrosive, low-compressibility oil that facilitates the use of less-
expensive high-strength materials, such as steels, to form various internal
components of the accumulator bottle 10, rather than more-expensive corrosion-
resistant materials. Other fluids and materials, however, may instead be used within
the region 62 in full accordance with the present techniques. While external fluids,

such as water in subsea applications, are allowed to enter the region 64 through the

7



[ 0026] Notably, in addition to the spring 34, the pressure of a fluid
contained in the region 62 may al so apply a biasing force on the piston 32.
I n sone ewbadiwmss4s, this fluid may be a non-corrosive, PCOWwScasprassi bility
oil that facilitates the use of |ess-expensive high-strength materials,
such as steels, to formvarious internal conponents of the accunul ator
bottle 10, rather than nore-expensive corrosion-resistant materials. O her
fl ui ds apedturausr thad sistdmodve peohibitsfjuid nisinefert Haewese thevddioms 6handapi.on 62 in

wat er af Qrance Wih (g Bresent Leqhut gups Wit Le e frany Llubdey, such as
the VGh3000KARPARERETHIZ AR EBEHARNL YL AR pleleuitl SRR fbirBhALPI TS

fluid tr er between e regions 62 an re specifically,
| east oneviecthtidi asoumulatos boittks ©O istdispesed, f&llommmgommrmattolmdnetweeeﬁhw thin

t he chanber in sponse.to .t he anbl ent pressure of the environnent in
whi ch trﬁg'ogéﬁrﬂp%bgr’”' [ RANSCi sposed, al | owi ng communi cat i on bet ween

the regions 62 and 64 without fluid transfer. [0027] 1 n one enbodi nent, the

rmverrer{boz?] t heh ghé eaibotimiat, geniciement od eRepideit 441s rQWWd%@%hQ@ntOf
t he spr thus all ow ng the anount of energy capabl e of being stored

by the Cédg@ﬁgmrws'%pf the 9@ingo34:dhys alewingithg ansowraf eorr@neapad®nti ti ons

even wWheh O%F‘oré?a% ‘?He é%curﬁu a;ﬂél @!9;88%&9’{\75@&9&5}&@2@ roffheth

ﬁl cannot
further ¢ n e anbien pressure of

t he enwanaitiorgtevien \Mﬂﬂ@m:thet ﬂaetoam refully opehatithirethidchamidérspoaad cannoeases,
t he pressure within the regl on 64 forces the piston 44 to tr€vel in the

di r ect iTHANEHERBREESS tRG SRFP \ﬁ466:qrdn$iﬁ@?e @%ﬁhﬂﬁmb'@ﬁ‘f PressHEe gt ®€sure on each
si de ofe 18 nme?ﬁ?e??wﬁfch'tﬁeba@ca of boffier1 @Qﬂlﬁb ?ﬂnéﬁeas@@,?ﬂﬂ%splggsulrﬁi .

eqwllbrlum st at or until 't |ston Spring
nmov emnenwithom théecgors Bdriobgsithe tpiﬁommnetottnaval inrttle cirteetiom yndicesed by canr &6 66

| nr ogdBa T AEBREUITRP R TR S5} Shergac SRl e R b S raleRhd FsTdbeagai nst

the pi 32, f fl itk F Qh@GA & l4uyreheR mgl%.at or
bott | e%i%BnAddﬁe?Poﬁ%:al y@?'ﬁbqlghogfagy)bg %o?gdem? t heeégr?%]g%4 permts

addi t i orfas maveprery sif e plspomﬂ4nmmef dicgclioni inglicatedhey heggroow 68 fottber a gr eat er

" aach G R LA F SRR Ray B Elor R o RS PSR Wy et

its t r&é?ion%@@rﬂﬁ@@sb@ Hlé‘@n@mbélargélr@tfv@p@tdrh% Céﬂ'&mh@Fea?é@dl@érQ?UU”Ed of
air and filled with a fluid, such as the | ow conpressibility fluid noted

above. Ji0@Eg]cAPaSIKariteazcURsiater Deitledle dAdditipnadly, & shorldl lbe spiesl that nay

nove i dir J: . : r, i ent
o eesurtnbapril 4G e QG HF SobrBBtty il e AP RAEe bR o B
di sposegteatencngs of hmbisripedssuves dbgentraihictoaould couse time\pistgntdaeto

accunul ator bottle 10 from a deeper eﬁ;iﬁlon in.a subsea aggllcatlon to a

more sHEPFOWDBRING B&. THEi PringviE) pldl the Higian 44 awairam ikstrayel t ur e
48 !ncrﬁereﬁﬁsagnse ueth 4t8hﬁﬂéﬁgﬁé38h§r%b§ﬂ?%g§\g%&tﬁﬁ§édpbf‘§r%hg?ﬁé&%wﬂ]f the

fluidt I asi ng Iston 32 I's reduced
al ong va tihids becteas thyylost-comges ssitplity ifiuid ndtetadbovecunul at or bottl e 10,
allowing for mrore WO 2009/ 035945PCT/ US2008/ 075607

[0028] Alternatively, as illustrated in FIG. 5, the piston 44 may move in the direction
indicated by arrow 68 upon a decrease in the ambient pressure of the external
environment in which the accumulator bottle 10 is disposed, such as that which would
generally occur upon moving the accumulator bottle 10 from a deeper position in a
subsea application to a more shallow position. This movement of the piston 44 toward
the aperture 48 increases the volume of the region 62 and decreases the pressure of
the fluid therein. Consequently, the biasing force on the piston 32 is reduced along

with the energy storage capacity of the accumulator bottle 10, allowing for more



efficient operation of a hydraulic circuit to which the accunul ator bottle
10 i s connected. [0029] Consequently, in one enbodi nent, this anbient

pr essur e-woepeEBsi4ngs desi gn of the exenpl ary accunul at @CThiseaosa73607
facilitates automatic adjustnent of the energy storage capacity of the
accunul ator bottle 10 in response to the anbient pressure in which it is

di sposed. Notably, this self-adjustnent of the pressure-conpensated
accunuleficenbopdrator] 0f Aaydradliataiguittts wiyidh thel accoenwisier battle t@is ange of

anbi ent pressures and operational depths, while reducing or elimnating the
need fdPYEREconsuni ng pre-charge mai ntenance or adjustnent of accumnul ator
bottles for different operating depths or conditions. This, in turn,

resul t qoppoy ed %ﬁéea@ém[ﬁm Yhé BEhREMER], iSRRG ENIGRBESU06V YRGS

enpl oying the accumul ator bottle 10. Additionally, the floating piston 44
provi dedesign ohide gremyparysacompdatosatbiotile TQfadilitaiesdutgmaiic adiystmedbeflithg t he
expansi gn_of {I uid within ft He regi OgatGZ upan an i NCr ease t. n the a{rbi ent

t enper a1 79 SIY34R 5ab i YNBECHBTLIAPHRYMGEH A ' BRI TR ANIERt s of t he
accunulgbesurbah WHchLR igT8pe S8 Noeasy, Al seRginsiisntion tiesigiddsare-t o the
conmponents explicitly discussed above ge.%a, the housing 12, the pistons 32
and 44 camrensaiechgecnulgiar bpdtle Andagiliates kepptivahese evercrmameanderpf

accord W - ' (St a0 '

cssent At press A S BB BHAEMAS Wl BT oo mBEyEIEL foed fafa07 an
exenpl ginyeleygdsamingcprercleargé nmianienahudion adiustaentiofuhaiuonul bt tottiekTot s
depicted_in FIG 6. The hydrauli¢ circuit 72 includes a pressure regul ator
74 t hatdifierpnbaresinesla gy condiiiongs bhifeln HBhpesidit 9, reduedd as sol enoi d

val ves Irta et el uded
wit it ey RERling R nERTBRASE foqts Wi byRRrf BRI ffe fEeurTBiG b 1™
of hydridul Additibnalty, the Boating pistari 44 pravides fulthenptéssbhiee apmpeasaticead, t he
pressure requlator 74 contrals the output essure to vario downst r eam

b omponeHRaioTal Ry ahapeaTiiRosaEng tsioxbarstrhal 18 Wi todiq fop &b He BRBGH mont s,
one or iABasBYH iRUAMSicHt terpbaatdre. TR¥hOHRdidMEBE AbRsH ihat Whielcef@f System
such as the exenplary drilling system82 of FIG 7. Notably, the drilling
syst emesnbéciiants at ke asoumidatiosotie H0 mayoramarrisesoidier aemgioneots inat ur al  gas,

oM 2 QB OSSR BN LS5 BB L B RIBRY | U1
ext r actgiegnt 12 Arepour e shriags BacandMB 209HRIARSSERES/ LISBOABETEER7 vel | 84

via a wel |l head 92. The exenplary system 82 nay be enployed in a variety of
dri | | i rRpcerdanieerwiéh thenprespnt ieshnises may: ForsisigPfonk pendstassestialesf. #1936 i ng
appl i cat] l5]§1 e i I the surface equi pnent 86 is

nount ez“tdtn? aeddrt$PF?§@%% g%@@@apﬁ@tt@%lgl%ce of the water, the stack

equi pnent 90 is coupled to the well head 92 near the sea floor, and the
var i oug0830] pmantex@nEag B@raglicarqlited? includireg an@ichemulatar bbtdertiOsisr

Er anomAGRO 41 Thed o TP LV RSSO S 105 ERE SRIPRAE TEduiiiferd T8 Mo t he
stack egubdHtRANed PHbUsh¥eEdmBAnents, such as solenoid valves 76. Additional
components, such as check valves 78, may be included with the solenoid valves 76
and the accumulator bottle 10 to control flow of hydraulic fluid through the circuit 72.
As will be appreciated, the pressure regulator 74 controls the output pressure to
various downstream components, as generally depicted at output 80.

[0031] In some embodiments, one or more hydraulic circuits 72 may be integrated
into a larger system, such as the exemplary drilling system 82 of FIG. 7. Notably, the
drilling system 82 facilitates extraction of a resource, such as oil or natural gas, from a
well 84. The system 82 includes a variety of equipment, including surface equipment

86, riser equipment 88, and stack equipment 90, for extracting the resource from the



[ 0032] The stack equi pnment 90 may include a nunber of conponents, such as
bl owout preventers and/or production or "Christmas" trees, for extracting
t he desi rwo 20@306046e from the wel | head 92. I n the presemrCiryuszénsosionat ed
enbodi ment, operation of the stack equipnment 90 is controlled by an

exenpl ary control system 94. The exenplary control system 94 includes one
or nore hydraulic circuits 72, each having at | east one accunul ator bottle
10 and waihg4 old a meliheadvolhrithegéxdrhplasy system822 nay soempioyieadh reevdriety bhe

control stem 94 incl udes one re control bl owout preventer.
00331 19rTa 6 Gar gy AAPIS e T K1 nG aneheiend Sthasa lied SEOkRIPRE or
bottl e epave It i pod
Lo enatl oo asea o R, BE Sultate BRERMU B ol ooty b SIID FPEBRR. he
(e.g., thez0tfateof theawgter; thanstaokaeqaipnment @dtis icdepled tt)hhe WGIIheaté@.?mmge woul d

gener al ne sitate adjustnment of ¢ char | evel in ch .
oot sRAGERE) A ettt Eeio gl 45 aBi oGS Fodpenid Gre it Viodhe i on,
howev errisek ReupHesREEe- A:@mesé@btfr&&@al e rﬁﬁer@@q@mﬁﬁ@rﬁ‘@@fa)élll@ﬁ‘étiw' at or
bottle 10 allows fewer bottles 10 to be used as the accunul ator bottles in

each hyttansmisgioniof the extragiedeasouice yo iha siwface equipmert 86 fiwm Wie Blackl | owi ng
operatign. I i ircuit over a substantially greater range of
operati@'%ﬁbﬁqgéaéﬁgg}gﬁaéz 00- foot range, a 700-foot range, a 1, 000-f oot
range, or even greater, w thout adjusting a pre-charge level in the

accunul[e082] botrhé@acweqmpmmoirmaynmehﬁ@mdhnmm of eompogertsasachmas at or
bottle 10 may be included in each draulic circuit to provide the greater
range 6?'0‘69% RiCVRGeHe BRAST pi@fl%!i'@f‘r% 9‘?6%“%6@?31 tAcing thg geeired
CO”SECN%Q lie fdé}ﬁtﬂ?é fefiHe 99@?%@@ ﬂﬁfn&b@ q‘é‘ﬁb@&i‘fﬁéﬂl' é’éé’rrfatleﬁtotfl e 10
may great y reduce the nu er of ac ott es necessar

oper at itha sdﬂckaedrwnmeut 210 |$cmraimlted703/ mexempﬁaryleontrahgesterh Sheflae i ng dept hs

d diti t ) )
000! oY (B 8y go5hal ndhidds fie BRRTORS IR GTRUE 7Reeartt bAiNg: or

bot t | e gkQeAd\snaes U ML bbiticd aAE c@hfréﬂ'n@ffloﬁb’t%? @ fHadd\atef)ed aul i c
circuits different than those in FIGS. . 4] Whi'l e the invention

may be smr@@emboldiréems ther canieol isyslie eatlnczbu@esamle ar rrmfﬁ@phtrel pedsref aspecific
errbodl S th@\/ ‘t‘)een shown by way of exanple in the drawi ngs and have been
descrl W REYE e her ei n. However, it should be understood that the
inventlon is not intended to be Iimted to the particular forns disclosed.

Rat her ,[0088] i niterill berappsetiateciomat, tedditionzly f inciipleoascuredlatordiidsmagnd
alternatives falling within the spirit and scope of the invention as

def i ned'ay¢ Rapn ?@PMY@PHQV @%‘th)ﬁr@%q? Sireut Of HEPDIHRINATLBREIRG PRSI/ G 75607

the circuit over a small range of operating depths (e.g., a 200-foot range); any
variation outside of this limited range would generally necessitate adjustment of the
pre-charge level in such accumulator bottles. In at least one embodiment of the
present invention, however, the pressure-compensating design of the exemplary
accumulator bottle 10 allows fewer bottles 10 to be used as the accumulator bottles in
each hydraulic circuit, as generally illustrated in FIG. 6, while allowing operation of the
hydraulic circuit over a substantially greater range of operating depths, such as a 500-
foot range, a 700-foot range, a 1,000-foot range, or even greater, without adjusting a
pre-charge level in the accumulator bottles 10. Indeed, in one embodiment, a single
accumulator bottle 10 may be included in each hydraulic circuit to provide the greater
range of operating depths, including those noted immediately above. Consequently,
the pressure-compensated design of the accumulator bottle 10 may greatly reduce the
number of accumulator bottles necessary for operation of a hydraulic circuit 72 over a
wider range of operating depths and conditions. Of course, it will be appreciated by

10



CLAI MVB: 1. An accunul ator bottle conprising: a housing generally
defining a first chanber and a second chanber; a first piston disposed
wi t hi n t wofnessaianber ; a spring disposed in thecsaserdocssanber and
configured to apply a first biasing force on the first piston; an
interior wall disposed within the second chanber and generally defining a
third chanber, wherein the third chanber is disposed in fluid comunication
\évi th trmesskilgediindharmernaaﬂtbdamlﬂwmlat%nwotmw [go: g1 e bmmhoyddhmf%t/vﬁtﬁ-, irarlgaysi ng is
i sposed; an econd. pi stqn di sposed wi thin t t hjrd chamnber,
Wher o P isHelagas 8Aeop My TTE GBS R e IBR thaSeuB IS BraBh/ pi St on_and i s
configured to divide the third chanber into a first region in fluid
communifeasaPn WHilk thBeniafRAdMapBEREIscapibia 16 95RBGs hiiRtibAs Bhei d
communication wth the external” environnent, and to facilitate bal anci ng of
t he pr calicunaliveffoams) spatifiti embsdinégnts thiaze Heeorshovtnapp way wif exantpde iy desur e of

t he external environment such.that e. nitude of a, sec bi asi force
hppl | od BATascA PaYE FPen SHSRiPAtRD dataL BRI o Hefvedor S A Demh R Boo

i n par tthanthiehavéritResid et aftehded RXbelimmedad the pafRtar forms dischsedhe

accurul ator bottle of claim1l1, wherein the second piston conprises a

f1 oat i ridatpesttba invention is B caves allovodificalivns, leativieterss, andaaliarnativesmglingi ng

the 11 WihytSRI5E0 hd sEBBo BF AROAVERATES defined by il 1TRRIAE SpBUhALPT Dotile

of claim I sposed i n 2 con conpri ses a
gener aldlgimyn- corrosi ve oil . 5. The accumul ator bottle of claim1,
wherein the spring conprises at | east one washer spring. 6. The

accurrul ator bottle of claiml1, wherein the spring conprises a coil spring.

11



WD 2009/ 035945PCT/ US2008/ 075607 7. The accunul ator bottle of claim
1, conprising an additional spring disposed within the first region of the

t hird chawben09/035945 8. The accunul ator bottle of claiPerTAS20088r®ONT t he
accunul ator bottle is configured to be self-adjusting to facilitate opti nal
operation at different anbient pressures. 9. The accumul ator bottle

of claim1, wherein the accunul ator bottle does not require pre-charge
mai nt er@ARI$Sor sub-sea operation at two depths substantially different
t han one anot her. 10. The accunul ator bottle of claim1l1, wherein
the spring is configured to apply the first biasing force on the first

piston via af |eagy a%l?m@lfat(ﬂ' tHO98MmpPiking: Pi ston stem coupled to the first
11.

pi st on. accunul ator bottl’e of claim 1, wherein the interior
wal | is coup kduging tglaeefalhysieflpnrg@ﬁr&t@harrtbeatandmesecﬂr@mhambm | nmoves in
response to the fi 12. The accunul at or

t of
bottl e of clagFrr\%?E%?%aFQPﬁeq Wét gb@(?r{HStp&HrBPler’s configured to facilitate
equal i zati oy %nﬁd"@s@b@é@ﬁﬁﬁe@edbh@ dhiavisbraine ddii QF&ﬁﬁﬂé@pl?fa firBepigxihgr nal

envi ronnent . . The accumul ator bottle ofg claim3l, conprising a
fluid d@m%@lthefdféhpllsm,to t he housing and configured to coupl e the

e oL P B S 6 e o AR B g °

14. A syibd ehnabaprwhénedi the thirdshiahtbdregtispbesd irdfigid communication with the
second chamber and an external environment in which the housing is disposed; and

a second piston disposed within the third chamber, wherein the second piston

comprises a pressure compensation piston and is configured to divide the third
chamber into a first region in fluid communication with the second chamber and a
second region in fluid communication with the external environment, and to facilitate
balancing of the pressure of a fluid disposed in the second chamber with the pressure
of the external environment such that the magnitude of a second biasing force applied
on the first piston by the pressure of the fluid depends at least in part on the pressure

of the external environment.

2. The accumulator bottle of claim 1, wherein the second piston comprises
a floating piston.

3. The accumulator bottle of claim 1, comprising the fluid disposed in the
second chamber.

4. The accumulator bottle of claim 3, wherein the fluid disposed in the

second chamber comprises a generally non-corrosive oil.

5. The accumulator bottle of claim 1, wherein the spring comprises at least

one washer spring.

6. The accumulator bottle of claim 1, wherein the spring comprises a coil
spring.

12



an accunul ator bottle in fluid communication with the pressure regul ator,

the accunul ator bottle conprising: WD 2009/ 035945PCT/ US2008/ 075607 a
housi ng iwWoOl20eV036245 a hydraulic fluid chanmber confipglirusdooso7scetei ve a
first fluid conprising a hydraulic fluid; a pressure conpensation
chanmber configured to receive a second fluid; and an anbi ent pressure

chanber configured to receive a third fluid froman environnent

i n which

the accunul ator bottle is disposed, a first piston disposed in the
hydraulic fluid anber and configured to divide the hydraulic fluid

chanber §ntda f T Sr@uTORIE G A S feComPSEngIaN enal D8B8nd  r egi on
in fl “'d?sﬁﬁ@@‘ﬂi&lﬂﬁtthé’ﬂréi@”ﬁé@omﬁtiﬁ)é aaskéaRespensat i on chanber; and

second piston di spose

he anbi ent pressure chanber and configured to

di vide the anbi ent pressure chanber into a third region containing the

gl’ essure

third fluid and a_f th ' ' | ui d icati h th
compensat | orb chantié Soxuiall B BOHLE SbeBiih ToRERUR (R e ylePy

Bal ance

the pregmparef tothessieaap@tiny v thcanstet diRink i dgbradidH gt Gitfefert Baibianti asi ng

pressures.

9. The accumulator bottle of claim 1, wherein the accumulator bottle does

not require pre-charge maintenance for sub-sea operation at two depths substantially

different than one another.

10.  The accumulator bottle of claim 1, wherein the spring is configured to

apply the first biasing force on the first piston via at least one of a plunger or a piston

stem coupled to the first piston.

11.  The accumulator bottle of claim 1, wherein the interior wall is coupled to

the first piston such that the interior wall moves in response to movement of the first

piston.

12.  The accumulator bottle of claim 1, wherein the second piston is

configured to facilitate equalization of the pressure of the fluid and the pressure of the

external environment.

13.  The accumulator bottle of claim 1, comprising a fluid connector coupled

to the housing and configured to couple the accumulator bottle to a hydraulic circuit to

enable communication of a hydraulic fluid between the hydraulic circuit and the first

chamber.

14. A system comprising:

a pressure regulator; and

an accumulator bottle in fluid communication with the pressure regulator, the

accumulator bottle comprising:

13
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force applied to the first piston by the pressure of the second fluid is
sel f-regul ated by the accunul ator bottle based at |least in part on the
anbi ent pwezsuwmssaf t he environment in which the accunulParars2siorice’ i s

di sposed. 15. The system of claim 14, conprising a hydraulic circuit
i ncluding the pressure regulator and the accunul ator bottle, wherein the
hydraulic circuit conprises only one accunul ator bottle. 16. The

system of cl ai m Jathowdirg énctudihg: accunmul ator bottle includes a spring

di sposed in the pressure S, tlon chanb r and confjgured to apply an
addi ti onal biasing foracﬁygr@nﬂl’\ﬂ birospgured to recgryg al'f‘r'efé &9‘9t em of

claim 14, wherein otn%‘r tle includes a spring disposed in the
anbi ent pressure chan{) H i%nl;il glﬁ}?ed to apply a biasing force to the
second pi ston. aLBr.esEbEe syspensationcthEmbardconfigoped i regeve i |
production system 19. The system of claim 14, conprising: the
first fluid di spc?seéanﬂﬁ'ut%@”ﬂ rst region; t he second fluid disposed

in the pressure conpengphm®dibr prddiRiie chamb@e@@ﬁﬁigur@aIt@rﬂec@\v@atthﬁdhgwth
region, and the third fluid disposed in the th region. .

system of claim ﬁmm@@r@ﬁwr@nﬁgarﬁlmwﬂmq’rbuhese,@uermlai@vbngleas@IIQnO@IepIt y of

bl araii ty of regdt HEPISEen BEBREREITRE WA g Ralrler Bhb theliabiad B and no

nore than ongvide chisnmyatapiic Hlald tearmesr iptea sivsteegiddloitaining the first fluid and
a second region in fluid communication with the pressure compensation
chamber; and

a second piston disposed in the ambient pressure chamber and

configured to divide the ambient pressure chamber into a third region
containing the third fluid and a fourth region in fluid communication with the
pressure compensation chamber, wherein the second piston is configured to
balance the pressure of the second fluid and the third fluid such that a biasing
force applied to the first piston by the pressure of the second fluid is self-
regulated by the accumulator bottle based at least in part on the ambient

pressure of the environment in which the accumulator bottle is disposed.

15.  The system of claim 14, comprising a hydraulic circuit including the
pressure regulator and the accumulator bottle, wherein the hydraulic circuit comprises

only one accumulator bottle.

16.  The system of claim 14, wherein the accumulator bottle includes a
spring disposed in the pressure compensation chamber and configured to apply an
additional biasing force to the first piston.

17.  The system of claim 14, wherein the accumulator bottle includes a
spring disposed in the ambient pressure chamber and configured to apply a biasing
force to the second piston.

18.  The system of claim 14, comprising an oil production system.

14



21. A nethod conprising: provi di ng a pressure-conpensated accumnul at or
bottle configured to store energy in a hydraulic circuit, wherein the
pressur e-conpensat ed accunul ator bottle is configured such that an energy

storage capacity of_the pressure-conpensated accunul ator is self-regul ated
and varies wittrespReYystemuef daifl &t CPPREZNGe i n which the accunul at or

bottle is di spméefﬁlstha Eejfgp%séa?r\ ﬁ{eeﬁgﬁgﬁl)@?npensat ed accunul ator bottle

conprises a first c , a second cC a piston disposed in the first
chanber, a sprthegedoagdlsiEidisposdtbinstheprdssurardoenpensationchageedtheo apply a

bi asing force on the piSto nd an interior wall disposed within the
second ch¥$A9EA r&ﬂﬁ’”d@%ﬁﬁh%gd‘gﬂlﬁww'aﬁ‘gnber; and coupling the

pr essur e- conperaahid ARCYIHbADR REthi@rédohe hydraulic cirouit,

22. The nethod of claim 21, wherein the pressure-conpensated accunul at or
bottle is the only accumul ator bottle coupled to the hydraulic circuit.
23. The met hod®f cThe sysiém afoctapim $4nepmprising aopantenl sygfetrhiaving mapiirality

Subsea ddRoUETorBRE SE s MBTOPeech RO rER het B MR 86t ¢ e to
second S%@@Pat&e&tdti rc}:ﬁ’é@i%é 8dbakey aPrédfIr8RegliIBRIY dridend icsé tﬁélbéﬁéddept h

W t hout servicing pressure-conpensated accunul ator bottle; an
oper at i ncaadunuigior Hottlecper preastreviegklatere pr essur e- conpensat ed accumnul at or
bottle | ocated at the second subsea depth. WD 2009/ 035945PCT/ US2008/ 075607

21. A method comprising:

providing a pressure-compensated accumulator bottle configured to store
energy in a hydraulic circuit, wherein the pressure-compensated accumulator bottle
is configured such that an energy storage capacity of the pressure-compensated
accumulator is self-regulated and varies with respect to an ambient pressure in
which the accumulator bottle is disposed, wherein the pressure-compensated
accumulator bottle comprises a first chamber, a second chamber, a piston disposed
in the first chamber, a spring disposed in the second chamber and configured to
apply a biasing force on the piston, and an interior wall disposed within the second
chamber and defining a third chamber; and

coupling the pressure-compensated accumulator bottle to the hydraulic

circuit.

22.  The method of claim 21, wherein the pressure-compensated

accumulator bottle is the only accumulator bottle coupled to the hydraulic circuit.

23.  The method of claim 21, comprising:

operating the hydraulic circuit with the pressure-compensated accumulator
bottle located at a first subsea depth;

moving the pressure-compensated accumulator bottle to a second subsea
depth substantially different than the first subsea depth without servicing the
pressure-compensated accumulator bottle; and

operating the hydraulic circuit with the pressure-compensated accumulator

bottle located at the second subsea depth.
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24. The nethod of claim 21, wherein the first subsea depth differs fromthe
second subsea depth by nore than 200 feet.
WO 2009/035945 PCT/US2008/075607

24.  The method of claim 21, wherein the first subsea depth differs from the
second subsea depth by more than 200 feet.
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