SUBSEA DI FFERENTI AL- AREA ACCUMULATOR BACKGROUND [ 0001] Deepwat er

accunul ators provide a supply of pressurized working fluid for the control
and oper avoaniafi7amubsea equi pnent, such as through hydr aativs2eesevor s and
notors. Typical subsea equipnment may include, but is not limted to,
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discharge and the ambient temperature during the discharge event. The hydraulic fluid

introduced into the accumulator is therefore stored at the maximum control system operating
pressure until the accumulator is discharged for the purpose of doing hydraulic work.

[0003] Accumulators generally come in three styles - the bladder type having a balloon type
bladder to separate the gas from the fluid, the piston type having a piston sliding up and down
a seal bore to separate the fluid from the gas, and the float type with a float providing a partial
separation of the fluid from the gas and for closing a valve when the float approaches the
bottom to prevent the escape of the precharging gas. A fourth type of accumulator is pressure
compensated for water depth and adds the precharge pressure plus the ambient seawater
pressure to the working fluid.

[0004] The precharge gas can be said to act as a spring that is compressed when the gas
section is at its lowest volume/greatest pressure and released when the gas section is at its

greatest volume/lowest pressure. Accumulators are typically precharged on the surface in the



greatest vol une/l owest pressure. Accunulators are typically precharged on
the surface in theabsence of hydrostatic pressure and subsequently charged
wi t h hydrwol2om/dibzebd on the seabed under full hydrost at ipcTprse@®wsE09 The
surface precharge pressure is limted by the pressure contai nnent and
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of the BOPs 23, nunerous accumul at ors %% must be i ncluded on the frane 22,
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Yet, offshore rigs continue nmoving further and further offshore to drill in
deeper On the components of the subsea BOP stack package 20. However, the free space available
for all required BOP stack package components such as remote operated vehicle (ROV)
panels and mounted control pods, and related equipment has become increasingly difficult
due to the increasing number and size of the accumulators 24 for drilling operations in deeper
water depths. Depending on the depth of the wellhead assembly 11 and the design of the
BOPs 23, numerous accumulators 24 must be included on the frame 22, taking up valuable
space on the frame 22 and adding weight to the subsea BOP stack assembly 10.
[0007] The use of traditional accumulators at extreme water depths requires large aggregate
accumulator volumes that increase the size and weight of the overall subsea equipment
assemblies. Yet, offshore rigs continue moving further and further offshore to drill in deeper
and deeper water. Because of the ever increasing envelop of operation, traditional

accumulators are becoming unmanageable with regards to quantity and location inside
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and deeper water. Because of the ever increasing envelop of operation,
traditional accumul ators are becom ng unmanageable with regards to quantity
and | ocatwonionarmeexi sting stack franmes. I n sone instarceas200/0bE89 even
been suggested that in order to accomodate the increasing demands of the
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drawi n 009] FIG 1 i ematic f a subsea BOP stack assenbly
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[ 0010] nlﬁllsgoeg ﬁlﬁlzgdperspectl ve view of a BOP package of the BOP stack
assenbl y of F?G 1; [0011]] FIG 3 a cross-section view of an accunulator in
accordance wi th one eBBIBEFRRRSCBIPTHANDRITHHI DRAWVINGSatter; and [ 0012]
FIG 4 is a cross-section view of an accunul ator in accordance with one
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EVBODI I\/ENT [0013] In the drawi ngs and description that follows, like parts
are marthe@llowing AsrenPatiee dB¥EIS| cati on and drawi ngs with the same
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wi th the understanding that the present disclosure is to red an
exenpl ithé Jaitedrsubjectithaitqy andci pl es of the invention, and is not intended to

limt t |ontoth illusfrated a descri bed herei LS to be
furly (OBaRGEh et i hn vt B4Ryt B ap e M ot U se
bel ow mmehgalﬁﬁpls@bjealﬁgg@ar ately or in any suitable conbination to produce
de5| red results. use of any formof the terns "connect", "engage",
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[0013] In the drawings and description that follows, like parts are marked throughout the
specification and drawings with the same reference numerals, respectively. The drawing
figures are not necessarily to scale. Certain features of the invention may be shown
exaggerated in scale or in somewhat schematic form and some details of conventional
elements may not be shown in the interest of clarity and conciseness. The present invention is
susceptible to embodiments of different forms. Specific embodiments are described in detail
and are shown in the drawings, with the understanding that the present disclosure is to be
considered an exemplification of the principles of the invention, and is not intended to limit
the invention to that illustrated and described herein. It is to be fully recognized that the
different teachings of the embodiments discussed below may be employed separately or in

any suitable combination to produce desired results. Any use of any form of the terms

tb 11 b 11

“connect”, “engage”, “couple”, “attach”, or any other term describing an interaction between
elements is not meant to limit the interaction to direct interaction between the elements and

may also include indirect interaction between the elements described. The various
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elements is not neant to limt the interaction to direct interaction

between the el enents and nay al so include indirect interaction between the
el enent s we<ord/herdo The vari ouscharacteristics nenti onegczhse@/oszonel | as
other features and characteristics described in nore detail below, wll be
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line. [00 For exanpl e, accumulators at the surface typica provi
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while utilj.zing a 5000 i Xi mum pressure rated _ acc | at or d surface
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operating pressure). In 1000 feet of seawater the hydrostatic pressure is
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N o T U A T I

3465 psinsffiam the surface to the seabed thereby duplicating the natural hydrostatic pressure inside
the hydraulic charging line.
[0015] For example, accumulators at the surface typically provide 3000 psid working fluid
maximum pressure (control system maximum pressure) while utilizing a 5000 psid maximum
pressure rated accumulator and surface precharged to 1000 psid (to determine minimum
operating pressure), and charged to 3000 psid with hydraulic fluid (to determine the
maximum operating pressure). In 1000 feet of seawater the hydrostatic pressure is
approximately 465 psia. For an accumulator to provide 3000 psid at 1000 ft. depth with the
same 1000 psi minimum pressure (precharge), it must actually be precharged to 1000 psi plus
465 psi, or 1465 psi, and then charged with 3465 psi fluid.
[0016] To achieve the same operating parameters at 10000 ft. water depth, the hydrostatic
pressure is 4650 psia, so the surface precharge would be 1000 psid plus 4650 psid, or 5650
psid (hydrostatic pressure is always “absolute” while accumulator pressure is always
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[ 0016] To achieve the sane operating paranmeters at 10000 ft. water depth,
the hydrostatic pressure is 4650 psia, so the surface precharge woul d be
1000 psi awpl2a8/46H0 psi d, or 5650 psid (hydrostatic presewrus2000/0sd798YyS
"absolute” while accunul ator pressure is always"differential™ Thi s woul d
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it by the gas piston, rather than the pressure on the gas piston,
mec haniptsghargd pagssagds oft imperthitr epasidgatiopivdteoletesmiring thenmaximowe worldggi r ed

precharge pres e for, a giwen size.of accumul ator. [0019] For exanple, if
t he pig%ﬁﬁﬁsﬁgi%PgPP%t?%ugbf%?@§§m¥kﬁgsBﬁ&éﬂggﬁe), then the precharge
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required for an ulvalently sized accumul ator with equal piston areas.
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0 U ol LAy R AR B DRSS o

Wi th ath fluidread réspbids to the force exerted upon it by the gas piston, rather than the pressure
on the gas piston, the mechanical advantage of the larger gas piston results in a lower
required precharge pressure for a given size of accumulator.
[0019] For example, if the piston area ratio is 2:1 (gas side advantage), then the precharge
pressure for a given accumulator application will only be half what is required for an
equivalently sized accumulator with equal piston areas. Reviewing our original 10000 ft.
water depth example with a 2500 psid minimum pressure requirement, the original 7150 psid
precharge can be reduced by half to 3575 psi by utilizing a differential area accumulator with
a 2:1 area ratio.
[0020] In FIG. 3, an accumulator 300 includes an accumulator body 301 with a hydraulic
fluid portion 304 and a charge fluid portion 309. The hydraulic fluid portion 304 partially
forms a hydraulic fluid chamber 305 and the charge fluid portion 309 partially forms a
precharge gas chamber 310. An end cap 330 having a hydraulic fluid port 335 seals off an
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[0020] In FIG 3, an accunul ator 300 includes an accunul ator body 301 with
a hydraulic fluid portion 304 and a charge fluid portion 309. The hydraulic
flui d porwoanedQzopartially fornms a hydraulic fluid charogrus3@s/osavdo t he
charge fluid portion 309 partially forns a precharge gas chanber 310. An
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precharge gas, such as nitrogen or helium i's provided into the precharge
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320. During pressurjzation of the precharge gas chanmber 310, the hydraulic
pi st on Pradsioimined tcgleglagiont hior e depthapmaBEuN rORSHAINENPEESHENT a0dp rePSEAHING por t
345 ma i nak y Al [ i1jioneto the
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whi ch noves.the hydraulic piston 315 towards the opposing end of th
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fluid jol : r j [ i f.or mance
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conpl etiedtsadf ofl dreith adddtionetdihet pegacge ghs thraegh urechekehyrdssate part B Li dAftar

te.th i t he BOP.stack. [0023 | ti h
Proe: oHPRettl B a0 T b Geli g g it o rabHhaRTRTE: AREraRmeEIps e
suf fi civaiéh HOveaE ﬁ&@aﬁlwp@ﬂéh%augwgﬁcﬁ% RppWdiddeddnst tHé’gi}Fcﬁ&ﬁﬂcCﬂJih Pbﬁlioﬁt ored

in the hydraulic fluid chanber 305. wever, in case additional force is
needed 30t hatiheaniratinataoshoBldler $ 1 {herhydrasliadloed may dkvay 38iGsblavhydshulic fluid

comun iaﬁ@%ﬁa@aa?%b fll%ﬂl%e 2)%%61%? atnt%g iel(i"h B ST sa%%iﬁié/teg %%ﬁgag a%)lplgl[l ga%lq: g 3 4agzﬁﬁl@lﬁﬁéoqp en.

That hydr os C pressure acts ‘agaln _ eases
t he prasgus thewichhipleiélndilRieatacdls tosodbaphesurizddhydlelid fAeidasoperaps gesur e

of the _

equipment on the BOP stack.

[0023] In normal operation, the force of the precharge gas acting against the hydraulic piston
315 is sufficient to operate the subsea equipment with the hydraulic fluid stored in the
hydraulic fluid chamber 305. However, in case additional force is needed, the accumulator
300 further includes a valve 350, which communicates ambient hydrostatic pressure through
the port 345 when open. That hydrostatic pressure acts against the charge piston 320 and
increases the pressure within the precharge gas chamber 310. The increased pressure of the
precharge gas in turn acts against the hydraulic piston 315 to increase the pressure of the
hydraulic fluid. As hydraulic fluid is forced out of the hydraulic fluid chamber 305 by
movement of the hydraulic piston 315, the charge piston 320 will move in the same direction
with hydrostatic pressure continuing to act against the charge piston 320. Because hydrostatic

pressure acts against the charge piston 320, the effective increase in pressure of the hydraulic
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precharge gas in turn acts against the hydraulic piston 315 to increase the
pressure of the hydraulic fluid. As hydraulic fluid is forced out of the
hydr aul i cwbl2oiothicivanber 305 by novenent of the hydraul i ecpivst@9/0869 t he
charge piston 320 will nove in the same direction with hydrostatic pressure

cont i nuyjfg;d iﬂcr‘ggged%g?ﬂo?ﬁénaﬁ Eﬁth% NG i %v%on?‘%iggleefs? ggf?ﬁg KSR bleEct

pressure acts agal e charge piston e Increase In

pr essurne tlefhydhestaiggresshicafpbuitict liyslrauhic péstsetil o Thp bydiostaad ptessurd prodidel @r ence
in piston diapmeters, giving,.a nmultipljer effect t he. hydrosfatic pressure
upon t FEOHy e fPree fodpg nhe sukiea qqyHMSLTSacy Budsaitie Fie phaLeMBost i n

the fong& el WlicRhdy e SAAER a8 PHiPIREBY %itua‘%féﬁhA@fthé"MﬁfrﬁHié anfs&1&send@
bl owout preventer, which may be useful 1n an enmergency situation. As the

hydr aulthe hydmelic flogk extsdtbe resclmydiaton | 300, f¢awaterexilt owhietoatheurmsinatietor300,
seawater w |l flow jnto t accunul at.or t.0 |y th onstagnt. hydrostatic
pr essur&P IYT%S?OIF%%{ fy &%Q‘gﬁ A PEE Dy Pre h’r?y ﬁggeh @p@mﬁaﬁ% f][ﬁ% ﬁﬁ'ld}'?éﬁ/l(‘f dit¥fant
bet weenehhias MnstRPBacde @ Hil byernel ase iiRQgddel PBsitiodD024] Referring now to
FIG 4, another accunul ator 400 is shown that shares nmany of the sane

conmpondfxH Referrag aewumiilst dr amtbersisewnuviater BOGis showmthehghazescunay af e of
FIG 4 r aul i ISt 51 to forma pi n ,body
201 1 nar oL b lpghdfs WG Bl B vl By PG, 0540k GG By B FiGar e

porti omho#@3er {heehyldysdiiauiston dilanetextended té ot @2pistbh bkl yioantais erludeghy
engages the_ inside of the hédr aulic fluid portion 304 of the accumul ator
body 3dwdraghe diameeternparien 40%sad archaegerdignelen godion £8| yhe hydreslis Hisgiojer
engage LS f i, d: i : r. body
300 O ARCHAD AR and BEUR A thApBAE o Y KRG SRR ARG ToA BLRE, 1O
t he ar tacovnhilatappoéy Bat,eantihtht chivge pistaer faotdyn 403 skidaplbendasalingllyeenlgagdsow

i ) I .cylind h i i i
bet woe i1 HER AR AT U BT R R a5 OT190 G B GHELRPER 581 t | on
403. [Q_Qﬁc'ﬁhsﬂiﬁbé&ﬁﬂﬁiéé ihGyihl tb%&nﬁiyasﬁhpfn B@f @ilp?#'gﬁégbﬂlﬂ%é gfsﬁmbabd he

hydraulic fluid portion 402 of thé piston body 4 the end cap 330. A
buf f er 40hamdyehe 408mglshadkiv piede asanshassanblyl @rcybipdere thee tresebs it henavhameal

di aneter of .th i stgn.bady..401 and the ipper .di ameter..of the char fluid
por 11 oot Sefieeh B R S MhagBl roffor AR TR ShebbRutPRIBE | Lt on
on t he (6685 fiedydrdulie RiieChanBe HBSisi furtdIBVIREd Yt Be 1BraRlie FRAd 6:tBaS
chanmber 310 defined between the charge piston 320 and the charge dianeter
por t | orf0A0E the pistien pocst 6 Bedhesom! earcd i o Sufibi eennase dDiimgotinedaas the

pr edet 1ine ' . eSS oWy, har ge..dianet er
Por t1 o SrEE REFEL e 4ERE ARt aReME pOFy TP Run, DReE AR SR PLATT o

por t i orhdi@2 flulhpsitioh BOINEARS aeduyhutatec bedyg®) Ip /e shel ke fagbelige ieiiREen on

g][ OF (ﬁretﬂ%ﬁo gqaal)ﬂg%@égee @gpif{l;regg egr;(s: Ei\s ip?ovei}cflefdeiclﬁ(i \{hee gie%fleg‘ge agre.ise %he?lilbérhfl Ot é\gﬁnggr tions
between the charge piston 320 and the charge diameter portion 403 of the piston body 401
and pressurized according to a predetermined operating depth and pressure. As shown, the
charge diameter portion 403 of the piston body 401 is larger than the hydraulic diameter
portion 402. Thus, the necessary precharge pressure may be reduced proportional to the
difference in effective piston area of the two portions of the piston body 401.

[0026] The pressure in the precharge gas chamber 310 at the surface causes the piston body
401 to move towards end cap 330, which reduces the size of the buffer chamber 405. Fluid,
such as air, contained in the buffer chamber 405 may be vented through port 410. If port 410
is closed after the piston body 401 has travelled fully towards the end cap 330, the buffer
chamber 405 will have a vacuum when the hydraulic fluid chamber 305 is filled with

hydraulic fluid at the sea floor. By having a vacuum, none of the pressure in the precharge

7



[ 0026] The pressure in the precharge gas chanber 310 at the surface causes
the piston body 401 to nove towards end cap 330, which reduces the size of
t he buff ewochemher0405. Fluid, such as air, contained i mrctrhms2dmfosene chanber
405 may be vented through port 410. If port 410 is closed after the piston

body 4 l. f .t r..chanber
205 v 1= AOpabd R85 Sobrlgtbatende A3 okt SRR R T ais i SR p RN ¢
hydr aul406 if|not deateds betusttan b dor pisBy by AQl avill aouipiessnbaaiofn thebpiressur e
in the ?re ha@%e as charrbg,r 310 i s count %r bal anced by the buffer chanber
405. 1 hamber 49% ferebyPrendies ARpEF AR ABACS QrReRECCHABRIBASIREPSSHIC: t he

pi st on [hegy Iﬂgél'liQQllog)eféﬂHR,rtﬁ@ orb D6 @k ordd 1?@%&1? B oG AGHRE hydQatic ﬁi@ﬁéeby
provi ding a pressuré counterbal ance ot hé Brecha gg gas prgssure. 027]
I n nor Mdb ispmiffatiednto ¢peeaté dhe sulodea t dygippreat hvdtly éheghgdradtd figidagiatadsin thee

hydraul.i ¢ pj.ston, 315 .i s fficient.to operate the subsea equipment with the
hydr a_uIhiyglamlﬁiﬂgu%flbaﬂ’él%f’riﬂgtIFFIBWﬁY/?ir Hufase agfhﬁ‘loaalctgﬁﬁ‘?t}érne : 2%11905&59’@741,”9% case
addi t i apalfuftiedGEclhdesneedess 50, Reniar sopMlALAEs 380ichtR§dsdtat NsrbsdRSthiodbl Ve
350, which comuni cates anbi ent hydrostatic pressure through the port 345

when opkhporf3df wiair opanatlihet hydregatieprestuse agtaiagsinst the cbhrgegsstpn $26rand20 and

i ncreases _the,pressure within th recha chamber 310. The i pgreased
pressure of t H12e %Fses(%ea@%mgk% b F‘?%E?‘%P r%a%Sfé"g“e%egg‘ﬁ ﬂsi]ﬁff H’greélﬁ%ff%rgssalfeaﬂgﬁq&

por ti ompréfBargefeat e tuph atwnghiashithd Qlarke diaRfetd® o dn D3RS PiskorPhody 1 to
hydraulic fluid. As hydraulic fluid is forced out of the hydraulic fluid

chamberng@erse fie prsyaredl thefydialinfldidauhs bydmdiveiud iptreddont o6 thedfydravdicpi st on
body 4Q4. i i sang. di 0N, W

hydr os ?1;“% (Ii %ﬁkgrrﬁgésr :%O(rggb @%ﬁ%?lﬁ%?tn‘}g@ tk’ %) hgg%ﬁggg?at}fts]%rt@e %hgéfg}(eé% 51? ea?rl\é\ﬁogellr‘b oﬁigrt ion
403 of 40he tipi piston hody 401 wiBemaus én hidr aisicatdirectivhe $4tlr Byd@oétati @ Ppaésssic
charge di aneter portion %f he pj.ston body 401 via the charge piston 320,
the ef CEREGUIRE [%RFlAgaES} e;ffhé% igmeler pHEoRyARS 11 the prstan Bodys4Q1s Besawsed

propor th?/@l%@i!atit‘: ﬁar {Eredidid QARG SHalbPHSHRR Y ﬂJ‘of’tﬁ{?{égf the giis%ﬁlntgod?emﬁl laPlieer

effect To the hydrostatic pressure upon the raul i I ameter portion 402
of t he cpargt qnsthoBR040k cffbaivhyidcmsscatn presswes sufrthe drydvdudie sflaid bisaatrebgedt he

f i the subsea .equi t, h.as hydraul i f a bl owout
br evenPLPOTRLIP (e RRTEaR B T direisho 2y MO FORE: Khdrece o aul |
rans clygssuenhoh e Ryghand dfanidet 13)&6{& 1) foheh@?ﬁtbw%&ﬁpm@%e IamNeker Wil

flowinto the accunmulator to apply the constant hydrostatic pressure. Thus,
t he fomeesseppravedesmybaokicinihelfacg adtinganmdhe srbstansiugmnent aauch behywewlid tamsf ul | y

opened and, . fully closed positions. 28] Wiile specific ng di.ment s. have
been sﬁg\ﬁgb lgﬁautd}%lse _X(?I}St%ré T R cealllg!egﬁén c?gne%eé_g%?ges%ﬁtl% _Ss%ellg’giha‘ﬁlﬁ the
art w thastlepad tthélggéhfa@m el gty the REuhiRLRII0, Maviabdr SwillNHERtihRNthe The
enbodi ments as descrjbed are exenplary only and are not limti nc%). Many
vari at i6pEnyatgr to apply the constant hydrostatic pressure. Thus, the force applied by the
hydraulic rams remains constant between the fully opened and fully closed positions.
[0028] While specific embodiments have been shown and described, modifications can be
made by one skilled in the art without departing from the spirit or teaching of this invention.
The embodiments as described are exemplary only and are not limiting. Many variations and
modifications are possible and are within the scope of the invention. Accordingly, the scope
of protection is not limited to the embodiments described, but is only limited by the claims

that follow, the scope of which shall include all equivalents of the subject matter of the

claims.



nodi fications are possible and are within the scope of the invention.
Accordingly, the scope of protectionis not limted to the enbodi nents
descri bedwolwtodis0only linmted by the clains that foll owcTiuseowosyreo of
whi ch shall include all equivalents of the subject matter of the

claims. CLAIMS WHAT IS CLAIMED IS ey AfRccunmul ator for a subsea bl owout

pr event id~1 Relbdiag a bl owout preventer, including: a body including a
hydrauﬁ?@AﬁﬁﬁﬁéLgﬁgﬁ@Q$'and a gas chanber, wherein the hydraulic fluid

chanmber, has a smaller ipner dianeter than the gas anber; a hydraulic
fluid dort i Fredmiaierm i RicoNoBaY REHoFeHy weldiecs Plowa! SFRBh and
t he subgsg@aiRs-owout preventer; a hydraulic piston slidably and sealingly
nounted in the hydraulic fluid chanber; a charge piston slidably and

seal i ngl y nededgdndlwding e hydsubia Amiseshambrdaal pgasdamben ovlierdio therlgeleawicng

pressure to provige fqorce on t opposi te, si.de of the charge piston from
the hydraulic pigﬂ%%amg?e&ﬁﬁs%%%ﬂ%ﬁﬁﬁ@ﬁﬁmg?&%pﬁ?ﬁﬁﬁg“ﬁﬁ@@@?ﬂ the hydraulic
pi ston and the/deQAicoBuilipeion Riie ®aRRIASiRN RN QLMhe BIReNaTER] CRAHHE

pressuri zabl e by a precharge gas di sposed between the hydraulic piston and

the charge pi st ornd ghe sphgea psgventesf claim 2, wherein the pressure port

i i . i ok f i ' f th
char oo pi ot anopsfe PR PRy PhRY ARG S s ARRARIRGY St 5

further i nclautlbmngpisorvdlddblys@t eedlingBl mogmaad fnatht gfgchah®egxposur e of the
pressure port to anbient pressure. 5. The accunulator of claim1l, wherein
t he hydraul RPTRISEeORPIt Y 1GEREING PEFRaTIe tRiDaEd @R 1pisenghe SPPerals| sjdeapigthe

seal i ngly nount ed,] sl @i e d i anber and connected to a | arger
di anet er portion §??%ggﬁ§’ang seéﬁ?%%#ﬁﬂﬁggnted in the gas chanber.
2. The accumulator of claim 1, wherein the hydraulic piston and the charge piston are
separable to form a precharge volume pressurizable by a precharge gas disposed between the

hydraulic piston and the charge piston.

3. The accumulator of claim 2, wherein the pressure port receives ambient pressure to

provide a force on the opposite side of the charge piston from the precharge volume.

4, The accumulator of claim 3, further including:

a valve selectively controlling the exposure of the pressure port to ambient pressure.

5. The accumulator of claim 1, wherein the hydraulic piston includes a small diameter
portion slidably and sealingly mounted in the hydraulic fluid chamber and connected to a

larger diameter portion slidably and sealingly mounted in the gas chamber.



