Rechar geabl e Subsea Force Generating Device and Met hod BACKGROUND

TECHNI CAL FI ELD [ 0001] Enbodi nents of the subject nmatter disclosed herein
generally relate to nethods and devices and, nore particularly, to

mechani sns and techniques for recharging a device that generates a subsea
force. DI SCUSSI ON OF THE BACKGROUND [ 0002] During the past years, with the
increase in price of fossil fuels, the interest in devel oping new
production fields has dramatically increased. However, the availability of
| and- based pr odRe¢hargepble §ybsea Force Generating Davice andMethodas now
extended drilling to offshore |ocations, which appear to hold a vast anount
of fossil fuel. [0003] The existing technol ogies for extracting the fossil
fuel fromoffshore fields may use a system 10 as shown in Figure 1. Mre
specifically, the system 10 myBACKGROUNDESsel 12 having a reel 14 that
suppl i es power/comruni cation cords 16 to a controller 18. A MJX Reel may

be usedTE-gH!pI@m_nﬂEnger and communi cati on. Sone systens have hose reels

to transm r pressure or hard pipe (rigid conduit) to transmt

the fluj der essyre qr th. O her st.e have a hose with
conmuni @ﬂqgn or p‘?ﬁ“ﬁB@'"@%ﬁF&? ?"‘? %U@lﬁgdwﬁé:{rfﬁisgﬁ%?gﬁé'% ﬂ@f‘?@ﬂ& ré?t?o@ea.
However, a common feature of these systens is their Iimted operation
dept h. methadsandodedses and. naiespartiediatindeeshanisros @nddegmiaies ise seabed
20. In this respect, it is noted that the elements shown in Figure 1 are

not dr awehargingaldevimedhahgenktratassd sulssestfonted be inferred from Figure 1.

DISCUSSION OF THE BACKGROUND

[0002] During the past years, with the increase in price of fossil fuels, the
interest in developing new production fields has dramatically increased. However,
the availability of land-based production fields is limited. Thus, the industry has now
extended drilling to offshore locations, which appear to hold a vast amount of fossil
fuel.

[0003] The existing technologies for extracting the fossil fuel from offshore
fields may use a system 10 as shown in Figure 1. More specifically, the system 10
may include a vessel 12 having a reel 14 that supplies power/communication cords
16 to a controller 18. A MUX Reel may be used to transmit power and
communication. Some systems have hose reels to transmit fluid under pressure or
hard pipe (rigid conduit) to transmit the fluid under pressure or both. Other systems
may have a hose with communication or lines (pilot) to supply and operate functions
subsea. However, a common feature of these systems is their limited operation

depth. The controller 18 is disposed undersea, close to or on the seabed 20. In this




[0004] Figure 1 also shows a wellhead 22 of the subsea well 23 and a dril
line 24 that enters the subsea well 23. At the end of the drill line 24
there is a drill (not shown). Various nechanisns, also not shown, are
enployed to rotate the drill line 24, and inplicitly the drill, to extend
t he subsea well. [0005] However, during normal drilling operation,
unexpected events may occur that could damage the well and/or the

equi pnent used for drilling. One such event is the uncontrolled flow of
gas, oil respestHbis ngted that theiglemernis showndeFigustid @remet giawnie sealdanfle wel | .
Such event is sonetines referred to as a "kick"”™ or a "blowut" and may
occur whewo dimemaibnsshpulddmiinéereadt FenisFigare hr essure of the col um of
drilling fluid. This event is unforeseeable and if no neasures are taken to

prevent i[0004]he weFigured/ g0 shéwsasasiinahg@2estithe sabsedell 3 samade iné 0006]
Anot her event that nmay damage the well and/or the associated equipnent is

a hurricaongngfe Qrsetﬂétslﬁpgéégvgll,%{ haOhe M éﬁ'@HHﬂ fihe Eﬁqﬂgf;éﬁgaa MVﬁnof'amge

the integrity of the we e assocl at ed equl pnent. exanpl e, due to

the high_wn roduced a hurricane at the surface. of the, 6 sea, fhe
vessel JostPHER VAINK RRRHNERS. Ao iR Sh Pl e BinlRT Shgel RNy 1
resul ti ng i n breaki ngt t he, ower/ comruni cati on cords or other elenents that
connect EftedRiMpPlicilyithe dillsto-extgnd the gubsegniell. event s that may dammge t he
integrity of the well and/or associated equipnent are possible as would be
appr eci af@05py t hokdeweket, Ideing mormal diilting ppe@tipn Timexpestas @gnis may
controlling device, for exanple, a blowut preventer (BOP), m ght be

i nst al | edceur thatcould Hamage!the welisgrl/ortthe eqa}dmém usagidot Ballin@nOnefsuche 2

above events is threatening the integrity of the well. The BOP is

convent i giitlig/ the uncontrolled flow of gas, oil or other well fluids from an underground
formation into the well. Such event is sometimes referred to as a “kick” or a
“blowout” and may occur when formation pfessure exceeds the pressure of the
column of drilling fluid. This event is unforeseeable and if no measures are taken to
prevent it, the well and/or the associated equipment may be damaged.
[0006] Another event that may damage the well and/or the associated
equipment is a hurricane or an earthquake. Both of these natural phenomena may
damage the integrity of the well and the associated equipment. For example, due to
the high winds produced by a hurricane at the surface of the sea, the vessel or the
rig that powers the undersea equipment may start to drift, resulting in breaking the
power/communication cords or other elements that connect the well to the vessel or
rig. Other events that may damage the integrity of the well and/or associated
equipment are possible as would be appreciated by those skilled in the art.

[0007] Thus, a pressure controlling device, for example, a blowout preventer

(BOP), might be installed on top of the well to seal the well in case that one of the




I npl emented as a valve to prevent the rel ease of pressure either in the
annul ar space between the casing and the drill pipe or in the open hole
(i.e., hole with no drill pipe) during drilling or conpletion operations.
Figure 1 shows BOPs 26 or 28 that are controlled by the controller 18,
commonly known as a POD. The bl owout preventer controller 18 controls an
accunul ator 30 to close or open BOPs 26 and 28. More specifically, the
controller 18 controls a systemof valves for opening and closing the
BOPs. Hplewrieyents isihdeatgningtthedntegaty afdhepell. dine BOBIe coneentiminally, i s
commonl y pressurized by equi pnment on the surface. The pressurized fluid is

st ored implemeatetiasibvadvetto groeersitthé asleasd of prassare éither e tias anidigr BOPS. The
fluid stored subsea in accunulators may al so be used to autoshear and/or

t 0 suppgdceasdiudihthe tHEIRY MRStheleN ﬁiﬁ@oF%é@geﬂfhdﬁgté’.‘{eMleivﬁthLﬁ’é rill The

accurmul ator 30 may includé containers (canisters) t store the hydraulic
fluid : . | de . 1Nec d cl ose
the BoraP et 8Hfifio 3P ofieichFonct ot JBRLY sRERS B Fa g8 f BN 5, 1
BOPs 26_and 28 0 As. under st ood b hose of ardin kKill in the art,
in deepa-'?eco?'ﬁ"rcﬁ"?{’i%Pfg,ﬁ‘L CPHtrBE‘?fe 'FBW@%X%H@WP@ %P@%h%é WRYtc pressures
generated by the seawater at the depth of operation of the BOPS, the
accunul Rieyentes caaksolies 1feconirals anagcamatajed3® to claseoe opan BQR®Z6 ande28&nbi ent
subsea pressure. Typical accumul ators are charged w th nitrogen but as

pr e- chavigee spexifically sthemomiadier 18 kentbisixsystey dffvalvesfogepenidgandases whi ch
adds addi tional cost and wei ght because nore accumul ators are required
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the 3 commonly pressurized by equipment on the surface. The pressurized fluid is stored
in accumulators on the surface and subsea to operate the BOPs. The fluid stored
subsea in accumulators may also be used to autoshear and/or to support acoustic
functions when the control of the' well is lost. The accumulator 30 may include
containers (canisters) that store the hydraulic fluid under pressure and provide the
necessary pressure to open and close the BOPs. The pressure from the
accumulator 30 is carried by pipe 32 to BOPs 26 and 28.
[0008] As understood by those of ordinary skill in the art, in deep-sea drilling,
in order to overcome the high hydrostatic pressures generated by the seawater at
the depth of operation of the BOPs, the accumulator 30 has to be initially charged to
a pressure above the ambient subsea pressure. Typical accumulators are charged
with nitrogen but as pre-charge pressures increase, the efficiency of nitrogen
decreases which adds additional cost and weight because more accumulators are

required subsea to perform the same operation on the surface. For example, a 60-

liter (L) accumulator on the surface may have a useable volume of 24 L on the
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surface but at 3000 mof water depth the usable volune is less than 4 L. To
provide that additional pressure deep undersea is expensive, the equi pnent
for providing the high pressure is bulky, as the size of the canisters
that are part of the accunmulator 30 is large, and the range of operation
of the BOPs is limted by the initial pressure difference between the
charge pressure and the hydrostatic pressure at the depth of operation.

[ 0009] In %his regard, Figure 2 shows the accumul ator 30 connected via

val ve 38U{1gcq b&'yg’i mm watgedenthithadsable vielyme ifclegsiéhan pilst tnpiavide
shown) that noves when a first pressure on one side of the pistonis

hi gher t fikat adddienahpresseresdeap onderséa isoexpansiied theoéquipmept fir providing theér st
pressure nay be the hydrostatic pressure plus the pressure rel eased by the
accunul ahigh @sedriel i bulky, a€ teensizeof §riEsnig@ys et bf@gaﬂﬂbﬂfhésé@idnwéfoessur e.
Therefore, the use of pressured canisters to store high- pressure fluids to
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t he mani pul at 1 of largepart ure 2, the

val ve 34 i en the ac | ator_30 and th | i nder. 36 in
order t od%‘?&?ﬁ @%@éeﬁﬁﬁ? Eééﬁrprg%ﬁfr?iﬁﬁ%&‘@[ﬁ:ﬁﬁ?%@@?ﬁvmﬁe@gé Lsflegﬂ’f Pom t he
accunmul ator 30. The supplenental pressure may { be generated by the
accurul aPBfFrA¥BM: according to an exenpl ary enbodi nent, by providing, for
exanple, 16 300-L bottles, each carrying nitrogen under pressure. Figure 3
shows suf}008]bot t | k8 tBE negarchdrigurei2 showshthenascusllatoaBOiconhadied vid valugen
under pressure and a second chanber 54, separated by a bl adder or piston 56
from thg4te asylinderdder Thecylifder S6enaginchaishe pistsh (ot eRoWAEHRA nicveshe pi pe
32 and may include hydraulic fluid. Wen the controller 18 instructs the

accunul ajyrén Alirspressure on one side of the piston is higher than a second pressure on

the other side of the piston. The first pressure may be the hydrostatic pressure plus
the pressure released by the accumulator 30 while the second pressure may be the
hydrostatic pressure. Therefore, the use of pressured canisters to store high-
pressure fluids to operate a BOP make the operation of the offshore rig expensive
and require the manipulation of large parts.
[0010] Still with regard to Figure 2, the valve 34 may be provided between the
accumulator 30 and the cylinder 36 in order to control the timing for applying the
supplemental pressure from the accumulator 30. The supplemental pressure may
be generated by the accumulator 30, according to an exemplary embodiment, by
providing, for example, 16 300-L bottles, each carrying nitrogen under pressure.

| Figure 3 shows such a bottle 50 having a first chamber 52 that includes nitrogen
under pressure and a second chamber 54, separated by a bladder or piston 56 from
the first chamber 52. The second chamber 54 is connected to the pipe 32 and may

include hydraulic fluid. When the controller 18 instructs the accumulator 30 to




4 release its pressure, each bottle 50 uses the nitrogen pressure to nove
the bl adder 56 towards the pipe 32 such that the supplenental pressure is
provided via pipe 32 to the cylinder 36. The initial pre-charge of the
nitrogen is high but as the gas expands its pressure drops. During the
operation of a BOP the hydraulic fluid noves a piston on the BOP to close
the rans to shear a pipe, casing or other equipnent in the welibore (the
termpipe wil| be used to describe the equi pnent being shearedL I n nost
cases t FRIE@sits pressHee, wachbotte 56 usesithesnitrogan pressumeicemere theblddeso t he
initial nmovenent of the ram bl ocks will not contact the pipe. Once the ram

bl ocks 56 towarcs théeipa 2 sutte thut the gaepplomentl pressurd is previsied nvdéal pgpec3rul at or
bottl es has expanded substantially so its internal pressure is reduced.

Thi s exfamel §lindérdd. oske uqtfawr@-%ﬁufg% @ﬂhérrﬁt?égérﬁfsfrﬁ‘%%e bihés ey of force

avai l abl e to shear the pipe in the  well bore once ram bI ocks finally

make Co&pﬂéeﬁdg. ?%Q?ﬁr@ﬁ%gﬂ b%nﬁg%e gﬁgﬂt%'nlc}f a %@H ﬁ Sfﬁ REERy hoyabear s

so when't oes fin ar thé p|ston even further
whi ch redu es tg Eggyptlof ﬁ1al|ab* ressure t o .shear the Brﬁ% tCnce t he
suppl en%r‘?f e hCIBBE e rases 1S L%aerc? PiPReCHIPY P OIS Cdi'sed to
the surface to be recharged or may be connected via a pipe to the surface
such t hthe weilbgre fhedeim ineswillipetedipdesdrihetthe eabipment begwisheaseebr di ngl vy,
it would be desirable to provide systenms and nethods that avoid the
af or e- desvostiesep itiod bpesindhe willbolsnisissnaller SuiikieYborp i 1123 BAR so dlieng t 0 one
exenpl ary enbodi nent, there is a reset nodule to be

initial movement of the ram blocks will not contact the pipe. Once the ram blocks

contact the pipe the nitrogen pre-charge in the stored accumulator bottles has

expanded substantially so its internal pressure is reduced. This expansion and loss

of pressure adversely effect the amount of force available to shear the pipe in the

wellbore once the ram blocks finally make contact. Furthermore, the pipe generally

collapses before it shears so when the pipe does finally shear the piston has traveled

even further which reduces the amount of available pressure to shear the pipe.

Once the supplemental pressure in bottle 50 is used, the bottie has to be raised to

the surface to be recharged or may be connected via a pipe to the surface such that

high pressure is pumped again in the bottle.

[0011] Accordingly, it would be desirable to provide systems and methods that

avoid the afore-described problems and drawbacks.




used for resetting a pressure in a | ow pressure recipient connected to a
subsea. pressure control device. The reset nodul e includes the | ow pressure
reci pient configured to have first and second chanbers separated by a
first piston, the first chanber being configured to receive a hydraulic
liquid at a high pressure and the second chanber being configured to
include a gas at a | ow pressure, wherein the first chanber is further
configured to have a port via which the hydraulic liquid enters and exits
the first chanber, and wherein the second chanber is sealed such that no
liquid enters or exits via a port; and a reset nechanismattached to the

| ow pressure recipient and confi guBUdINMARYeset the | ow pressure in the
second chanber. [0013] According to another exenplary enbodi nent, there is
a et hod [0®12]r eset Agcobringriceeralegerplady é@BolineSRtUthRré &Ch mmtmddwé td Bepart
of a reset nodule, the |OM/ pressure recipient belng connected to a subsea

pressure u%@&tfdrqjesélﬁﬁ %3) r%rlﬁ\éi Ig esé it r%@}%e?ﬁ eBakEGed 108 S1BLEL

i ncl udes recelving a |c I|q at a high pressure in the | ow

pressure t he. | o 1 configured have
first anBF%séé’g%gg@ﬁ%{rdégf'cg Jﬁe %?g mB{uﬁg%t qugﬂrestsmeegﬁc?@?'%chanber
bei ng conf % ceive the hy draullc I|qU|d and t he _second chanber
bei ng cofRfR W@ t° 8ve Hest @pd sgcgad ca@maer%mﬁrageﬁméa figtigPn, Hedirst ¢ st
chanber is further configured to have a port via which the hydraulic

| i qui d enbanbeabeingconfigured thireesive haydeaylicdigdid aha highrprehsuresarshitiechanber
is sealed such that no hydraulic liquid enters or exits via a port;

conpr esssagpridhehagatser beihd eonfinoad te hiduy a gus lat bhew préssuref wheisten 6
noves to expand the first chanber; receiving a second high pressure in a
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and exits the first chamber, and wherein the second chamber is sealed such that no
liquid enters or exits via a port; and a reset mechanism attached to the low pressure
recipient and configured to reset the low pressure in the second chamber.

[0013] According to another exemplary embodiment, there is a method to
reset a low pressure in a low pressure recipient that is part of a reset module, the low
pressure recipieht being connected to a subsea pressure control device for providing
the low pressure. The method includes receiving a hydraulic liquid at a first high
pressure in the low pressure recipient, the low pressure recipient being configured to
have first and second chambers separated by a first piston, the first chamber being
configured to receive the hydraulic liquid and the second chamber being configured
to include a gas at a low pressure, wherein the first chamber is further configured to
have a port via which the hydraulic liquid enters and exits the first chamber, and

wherein the second chamber is sealed such that no hydraulic liquid enters or exits

via a port; compressing the gas in the second chamber such that the first piston
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pi ston assenbly, wherein the third chanber is separated by the second
chanber of the |ow pressure recipient by a wall, and the second high
pressure determ nes the piston assenbly to nove to expand the fourth
chanmber and to squeeze the third chanber; and noving the first piston
under a direct action of the piston assenbly of the reset recipient, such
that the second chanber is reestablished and the first chanber is
squeezed. [0014] According to still another exenplary enbodi nent, there is
a net homhaves te expanditheoiivspekarsber receivng @vsepoadhighe prassupe iora reseht i s part
of a reset nodule, the low pressure recipient being connected to a subsea
pr essur eedimient; ethicteisi confiforedptochavei thigd ahbdolitivcha®dety sepafaedrt dod

i ncludes receiving a hydraulic liquid at a first high pressure in the | ow

pressur Qisfcﬂﬁéﬁéhﬁﬁl%,a\hnﬁgrreir?gﬁggtg?g ?ﬂéﬁ"a%ﬂe‘?@ b At atedPb N theF SatohE Whahie? of have

first and second c d by a first piston, the first chanber

bei ng ' | | Iy GLL anber

pei ng. conPychfeglrebRiET KR 4G, St A sstobl A el ute SR ERRE R v ot
chanmber is further configyred tq hayve ort via ich the hydraulic

li quid elston aSsemblefi Movera expad t%ﬁ%&&mﬂ 10:3q118€R8 t@%ﬂﬂrﬁ’d chanber
is sealed such that no hydraulic liquid enters or exits via a port,;

conpr eséhatgben angdmoving thefirst pisten, dgep erdiregt actiomef thewpiston assemblydf noves
to expand the first chanber; applying a rotational notion to a screw drive
t hat itheaesél rgoipizht! sucnthat tHehsecomdasihintisarid esestallistetieamdi thg fiost retracti ng
the screw drive to and fromthe second chanber; and noving the first

pi st on, cHymelsdr i8 squeegdd.action of 7 the screw drive, such that the second
chanber is reestablished and the first chanber is squeezed.

[0014] According to still another exemplary embodiment, there is a method to
reset a low pressure in a low pressure recipient that is part of a reset module, the low
pressure recipient being connected to a subsea pressure control device for providing
the low pressure. The method includes receiving a hydraulic liquid at a first high
pressure in the low pressure recipient, the low pressure recipient being configured to
have first and second chambers separated by a first piston, the first chamber being
configured to receive the hydraulic liquid and the second chamber being configured
to include a gas at the low pressure, wherein the first chamber is further configured
to have a port via which the hydraulic liquid enters and exits the first chamber, and
wherein the second chamber is sealed such that no hydraulic liquid enters or exits
via a port; compressing the gas in the second chamber such that the first piston
moves to expand the first chamber; applying a rotational motion to a screw drive that
is configured to enter the second chamber for extending or retracting the screw drive

to and from the second chamber; and moving the first piston, under a direct action of




BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015] The acconpanyi ng draw ngs, which
are incorporated in and constitute a part of the specification, illustrate
one or nore enbodi nents and, together with the description, explain these
-enbodi nents. In the drawings: [0016] Figure 1 is a schematic diagram of a
conventional offshore rig; [0017] Figure 2 is a schematic diagran1of an
accunul ator for generating the undersea force; [0018] Figure 3 is a
schematic diagramof a bottle of the accumul ator Figure 2 019
Fi gure 4 the sereyedideaspeh mtghgﬁe@@ncbcmamb?frléggwtébh%aqoa%ﬂﬂ Jtsﬁmm%er to a
BOP; 3tff [0020] Figure 5 is a graph showing a pressure inside the |ow
pressureissqmﬂqﬁednt and the BOP shown in Figure 4; [0021] Figure 6 is a
schematic diagram of the | ow pressure recipient connected to the BOP of
Figure 4 to which an accunul ator is added; [0022] Figure 7 is a schematic
diagram of a | ow pressure recipient having a reset recipient according to
an exenpl ary enbodi ment; 8 [0023] Figures 8A-F are schematic diagrams of
the |ow pressure recipient with the reset reC|p|ent showi ng the vari ous

(] X

positions of their pistg bodi ment; [0024]
g t he Iow pressure

[0015] The accompanying drawings, which are incorporated in and constitute
a part of the specification, illustrate one or more embodiments and, together with the
description, explain these embodiments. In the drawings:

[0016] Figure 1 is a schematic diagram of a conventional offshore rig;

[0017] Figure 2 is a schematic diagram of an accumulator for generating the

undersea force;

[0018] Figure 3 is a schematic diagram of a bottle of the accumulator of
Figure 2;

[0019] Figure 4 is a schematic diagram of a low pressure recipient connected
to a BOP;

[0020] Figure 5 is a graph showing a pressure inside the low pressure

recipient and the BOP shown in Figure 4;

[0021] Figure 6 is a schematic diagram of the low pressure recipient
connected to the BOP of Figure 4 to which an accumulator is added;

[0022] Figure 7 is a schematic diagram of a low pressure recipient having a

reset recipient according to an exemplary embodiment;




reci pient and the reset recipient according to an exenplary enbodi nent;
[0025] Figure 10 is a schematic diagramof a systemthat includes the BOP,
the | ow pressure recipient, and the reset recipient according to an

exenpl ary enbodi nment; [0026] Figure 11 is a flow chart illustrating steps
for operating the |ow pressure recipient and the reset recipient according
to an exenplary enbodi ment; [0027] Figure 12 is a schematic diagramof a
systemthat includes the BOP, the |ow pressure recipient and a reset
mechani K623 cor di rigutes 8vFearerashematicsliegramseafithe dowi plesseed reigjentevitis i s a
flow chart illustrating steps for operating the | ow pressure recipient and
t he r esitie nesetranipiant ahowird the avicais pesitiopk af yhednpistbnseadcordini-iorbh ED

DESCRI PTI ON [ 0029] The follow ng description of the exenplary enbodi nents
refers égerhpary éapedinditi ng drawi ngs. The sane reference nunbers in
different drawings identify the same or sinilar elements. The follow ng

det ai | t f
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not 9 limted to these systens, but may be applied to other systens that

requi r d00R8I r epedtigére Qs schematig diaovan of areystammitattingudes theeBOR, hi gh

such as in a subsea environnent, as for exanple a subsea pressure control
devi ce.théhow goessiuom reaipientaramahermes;eﬂ reciplent dcsodiweid areexemplanal so be
applied to other systens that require the repeated supply

embodiment;

[0026] Figure 11 is a flow chart illustrating steps for operating the low pressure

recipient and the reset recipient according to an exemplary embodiment;

[0027] Figure 12 is a schematic diagram of a system that includes the BOP,

the low pressure recipient and a reset mechanism according to an exemplary

embodiment; and

[0028] Figure 13 is a flow chart illustrating steps for operating the low pressure

recipient and the reset mechanism according to an exemplary embodiment.

DETAILED DESCRIPTION

[0029] The following description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify
the same or similar elements. The following detailed description does not limit the
invention. Instead, the scope of the invention is defined by the appended claims. The
following embodiments are discussed, for simplicity, with regard to the terminology and

structure of BOP systems. However, the embodiments to be discussed next are not




of force when the anbient pressure is high such as in a subsea environnent,
such as, but not limted to, a |lower marine riser package (or LMRP) or a
| ower bl owout preventer stack. Al so, non-limting exanpl es of subsea
pressure control devices include a ram BOP or an annular BOP, as known in
the art. [0030] Reference throughout the specification to "one enbodi nent”
or "an enbodi nent"” neans that a particular feature, structure, or -
characteristic described in conne%%%fn with an enbodi nent i s incIu?qg in
at | east IBHEddpEsses¥piemss Puliaay bejapplied ipether SYFees Bl deauia e reprate
appearance of the phrases "in one enbodinment” or "in an enbodinent"” in
vari ous pupplysf fdicewhhothe ambienpprassurteds high suchrastin gesidhisearanvijonraerty s ng
to the sanme enbodi nent. Further, the particular features, structures or
char act efforséxaniple a8ubS=a presbireasbntrol dewces Untaalditionntherembodiments torbenor e
enbodi ments. [0031] As discussed above with regard to Figure 2, the

accunul aijieydéed Sext sPBE 3PP Sthér dyRun®d fhaf Fefifire tRé répdat@pipp hi gh
As tdhe 0 ho ? PeFes %P

pressurﬁs. _ re are |l ocated deeper and deeper (|n_tEe
arger agureraryb R Boehf Psssies Bios Yo atebita SRNG LR SR
Phe 1 ocaputRBUeatc s surbedber BAdE0erF LLIRG) S5R IPHP PAWOULRE GRS,

chanmber 52, thus, requiring the size of the accunulators to increase (it is

necessar gtack. dse, nendmiting axamples; obsubsen prerspeneenitp! devicas inclusle @ BN shear
10 pressure and water depth), and increasing the price to deploy and
mai nt ai nBOReor saxcanmolarcBOPsas kAOBRJn the alt.scl osed in U S. Patent Application
wi th attorney docket No.
[0030] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring
to the same embodiment. Further, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.
[0031] As discussed above with regard to Figure 2, the accumulator 30 is
bulky because of the low efficiency of nitrogen at high pressures. As the offshore
fields are located deeper and deeper (in the sense that the distance from the sea
surface to the seabed is becoming larger and larger), the nitrogen based
accumulators become less efficient given the fact that the difference between the
initial charge pressure to the local hydrostatic pressure decreases for a given initial

charge of chamber 52, thus, requiring the size of the accumulators to increase (it is

necessary to use 16 320-L bottles or more depending on the required shear
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236466, filed concurrently with this application, comonly assigned, and
entitled "Subsea Force Cenerating Device and Method" by R Custafson
(hereinafter "Qustafson"), the entire disclosure of which is incorporated
herein by reference, a novel arrangenent, as shown in Figure 4, may be
used to generate the force F. Figure 4 shows an encl osure 36 that includes
a piston 38 capable of noving inside the enclosure 36. The piston 38
divides the enclosure 36 into a chanber 40, defined by the cylinder 36 and
t he pi sPERESYse aumhwatRrdepdh), anddancreasingdhe poee tydeplayised maiatain $wure 36 al so
I ncl udes an openi ng chanber 42 as shown in Figure 4. [0033] The pressure in
bot h chacbtemslafdrsand 42 may be the sanme, i.e., the sea pressure (anbient
pressure). The anbient pressure in both chanbers 40 and 42 nay be achi eved

by all ozmrmt he sag dwicdedtiA U. BePbiérﬁWp%hcétﬂﬁﬁﬁltﬁB&Bﬁ%‘ysddﬁkét NBOT r espondi ng
val ves ot shown). Thus, as there is no pressure différence on either

id fo

gener at eﬁégfi%cf@%f%"e‘ﬂ F g Renificalof o mbg%s&g\e&’éﬁﬁgﬁﬂgﬁ vating a
th 44 . h to b

e oy ST ot ot AR, BB TRl ™S £,

sides of the piston 38, [0035] Although the arrangenent shown in Figure 4

and des@ygateonn. ﬂ@@itwg&ﬁvlw@@%w@@ isUnesPo@ted hewin hy refemrncsea force
w t hout the use of the accunulators, however, as discussed |ater, the

accunul ol arsingementyashshavaeh Eigures@,ppbybelamnb@weratb tpeérsrselrFe. Figure 4
shows that the opening chanber 42 nmay 11 be connected to a | ow pressure

(78 PheTUEPS ot s SRISRRURS IO chimicer T aer 42
the enclosure 36. The piston 38 divides the enclosure 36 into a chamber 40, defined
by the cylinder 36 and the piston 38. Chamber 40 is called the closing chamber.
Enclosure 36 also includes an opening chamber 42 as shown in Figure 4.

[0033] The pressure in both chambers 40 and 42 may be the same, i.e., the
sea pressure (ambient pressure). The ambient pressure in both chambers 40 and
42 may be achieved by allowing the sea water to freely enter these chambers via
corresponding valves (not shown). Thus, as there is no pressure difference on either
side of the piston 38, the piston 38 is at rest and no force F is generated.

[0034] When a force is necessary to be supplied for activating a piece of
equipment, the rod 44 associated with the piston 38 has to be moved. This may be
achieved by generating a pressure imbalance on two sides of the piston 38.

[0035] Although the arrangement shown in Figure 4 and described in
Gustafson discloses how to generate the undersea force without the use of the

accumulators, however, as discussed later, the accumulators still may be used to

supply a supplemental pressure. Figure 4 shows that the opening chamber 42 may
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bet ween the openi ng chanber 42 and the | ow pressure recipient 60. {0036]
The | ow pressure recipient 60 may have various shapes and may be nmade of
steel, or any material that is capable of w thstandi ng seawater pressures.
However, the initial pressure inside the | ow pressure recipient is
substantially latm when the recipient is at the sea |level. After the
recipient is lowered to the sea bed, the pressure inside the recipient may
beconme higher as the sea. |l evel exerts a high pressure on the walls of the
reci pi entP® GANNECtES IR AW RIgSsYe rgalﬁlernﬁ@r)dé\ vajye Pdray banserieg\baiwegBed to
fill the |low pressure recipient 60. However, the pressure inside the

r eci pi enth&0pesing chaimber 42amdtthe lmmbreasurenrmﬁemteﬁoﬁwrd:nntmhthfhprssures
approximately 350 atmat a depth of 4000 m [0037] As shown in Figure 4,

when t hebetwsernthensgriricdclsarmbén4 Bed thy loes preBsureeepfht®oi n both the
closing and opening chanbers is Panb while the pressure i nside the

roci PLenfoBR)! S aPPREYMRIEEledhign@0hRl Hab¥arbls SHBEEY Bnilidbency.

When a orc is require actuatio a plece o I'pnent of the rig,

f |.e bl ock BOP h.that th

oo Wt S8 bR M FCEonsil o BRADE G B
follow ng pressure changes f1 take place in the closing chanber 40, the
openi ng gmr?yer the inita pr@féqr%wsrﬁ%@@dpw RressEdREiPEN rws&"&@"w afManber

40 renmins at the anmbient pressure as nore seawater enters via pipe 64 to
t he cl osivhgndhanggipienis a theheepleyebnAlle theaecipianbis loweréd tonthiessaa bed,r i ght
in Figure 4. The pressure in the opening chanber 42 decreases as the |ow

pr essur ethiey preesuratissidy thd adigient ray becomkb\iglist, ad the.seademslaixertsiad Bight he 12

-------- pressure on the walls of the recipient, thus vcompressing the gas inside. Various
gases may be used to fill the low pressure recipient 60. However, the pressure
inside the recipient 60 is smaller than the ambient pressure Pan,, Which is
approximately 350 atm at a depth of 4000 m.
[0037] As shown in Figure 4, when there is no need to supply the force, the
pressure in both the closing and opening chambers is Pamb While the pressure inside
the recipient 60 is approximately P, = 1 atm or lower to improve efficiency. When a
force is required for actuation of a piece of equipment of the rig, for example, a ram
block of the BOP, valve 62 opens such that the opening chamber 42 may
communicate with the low pressure recipient 60. The following pressure changes
take place in the closing chamber 40, the opening chamber 42 and the low pressure
recipient 60. The closing chamber 40 remains at the ambient pressure as more
seawater enters via pipe 64 to the closing chamber 40 as the piston 38 starts moving

from left to right in Figure 4. The pressure in the opening chamber 42 decreases as

the low pressure P, becomes available via the valve 62, i.e., seawater from the
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openi ng chanber 42 noves to the | ow pressure recipient 60 to equalize the
pressures between the opening chanber 42 and the | ow pressure recipient 60.
Thus, a pressure inbal ance occurs between the closing chanber 40 and the
openi ng chanber 42 and this pressure inbalance triggers the novenent of the
piston 38 to the right in Figure 4, thus generating the force F. [0038]
Figure 5 shows a graph of the pressure versus volune for the closing
chanber 40 and the | ow pressure recipient 60. The pressure of the closing
chamber opgoingghamersthaoues tathelowmressure resipient 60\te egpalite the t he vol une
of the closing chanber 40 expands froma small initial volunme V1, to a

| ar ger fpresduresbaiveeeri2the Tpeningy cesuiver 4hahdiéhd low prieessrer recipistit|Bioent 60
slightly increases fromapproximately latm (PR) due to the |iquid received

from t hgheReRipAEssuf@ MBalafide 08urs HRMWedY tHe/EI¥EinG chatiter 2@tnhdthgssur e caused
by this increase is small in conparison to the Volune that can be

di spl ac Hatﬁﬂ: Q@né' 0 4. Vo rnessure
recipi eg)?eégﬁr&oul dé}be s@@??‘é&gggeﬁ?b%%gcev@'bg% t@émg‘?ﬁ‘%ﬁég . [0039]
Because of t | arge pr.essure difference between the two sides of piston
38, a | A" Egtto?}&fgegﬁ ”ﬁ%ﬂfse‘gé'&% amaMﬁm%f%Png any cani ster charged
with nitrogen at high pressure. Therefore, the systemshown in Figure 4
advant a |y prbigugesd shomsd geaphcefdhe fsesaure Netssisgoienafonreslasnge as
the low pressure recipient 60 is filed with, for exanple, air at sea |evel

sur f acechambadd0 tandrthe lawn prefsure eedipient@he The ipnessune of tirecelosing chamben snal |
size as the size of the low pressure recipient 60 may be small er conpared

to the agirsiails afsstdaRtiafy ebAstaft (de@ cLItE ASYRHIIBItRE YoRML B RNdlesihgie | ow

pressure recipient 60 nmay be a stainless Steel container having a 250 L

vol ume eRmBBERA0 bRpandY FroMIE BmRiISaiE S AGHe W SiEMarger final volume V.. The
pressure in the low pressure recipient 60 slightly increases from approximately 1atm
(Pr) due to the liquid received from the opening chamber 42, as shown by curve B.
The back pressure caused by this increase is small in comparison to the volume that
can be displaced from the opening chamber 42. The volume of the low pressure
recipient 60 should be sized to accept the volume being displaced.
[0039] Because of the large pressure difference between the two sides of
piston 38, a large net force F may be achieved without using any canister charged
with nitrogen at high pressure. Therefore, the system shown in Figure 4
advantageously provides a reduced cost solution to generating a force as the low
pressure recipient 60 is filed with, for example, air at sea level surface. In addition,
the device for generating the force may have a small size as the size of the low
pressure recipient 60 may be smaller compared to the existing accumulators 30. In

one exemplary embodiment, the low pressure recipient 60 may be a stainless steel

container having a 250 L volume compared to a nitrogen pre-charged system
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13 requiring 5000 L capacity (16 320-L bottles). Another advantage of the
device shown in Figure 4 is the possibility to easily retrofit the

exi sting deep sea rigs with such a device. [0040] The | ow pressure

reci pient 60 may be used in conjunction with nitrogen based accunul ators
as shown in Figure 6. The closing chanber 40 of the enclosure 36 is
connected not only to the seawater via pipe 64 but also to the accumul ator
30 that is_capable of suppl t he suppl enental pressure. Wen

2ppr ot | EOMITGA0 loaaPaly (1 A2Re boresh) AROIBe ARYANIAGS of Heelobiag vt er
supply to the closing chanber 40 and a valve 46 nmay open to allow the
suppl enestiain prlEigete 4 i themaskibilitp te easilyaetrofitibe texisting cleeplseaaigsswitly chanber
40. [0041] One feature of the devices shown in Figures 4 and 6 is the fact
t hat t hegydhoavdevieesure reci pient 60 has a limted functionality. Mre
specifically, once the seawater fromthe opening chanber 42 was rel eased

into t hﬁp'oﬁ?ﬁ PT €S SH{flo Bél%tref:@%ntfsb‘?n Jﬁg%&@&?ﬁ‘%mhﬁ%@e \ﬁﬂﬁ gﬁFb ”Ot

again s the | ow pressure unless a nrsmis

the | ow res ure I ent, 60. . ot her ea the arrbr ent
or essur At dseplfel e ibFelis e fﬁ‘é&‘i’%ﬁ'mn%@%e%@? TS
been opened has to be renpbved and the_gas at the atnospheric pressure
that exi3f Beannecied ﬂQﬁ@nfyrt@sIB@rséaWétﬁrr)"%ﬁ'Peﬁﬁ Iyt 350 {vtherasumyiatRe 30al ve 62
has to be reestablished for recharging the | ow pressure recipient 60.

[ 0042] Ahabisdiapgblecfaupplyagiharsuppidmaitatpressure. d&/hsh@ppropriaie gure 7, the

| ow pressure recipient 60 may be reused by providing a reset recipient 70
connect egnditonk ke réaehrHea sahve 6&EAiaY didbe e seBwatee 8applyas i edkingd and t he

| ow pressure
chamber 40 and a valve 46 may open to allow the supplemental pressure from the
accumulator 30 to reach the closing chamber 40.
[0041] One feature of the devices shown in Figures 4 and 6 is the fact that the
low pressure recipient 60 has a limited functionality. More specifically, once the
seawater from the opening chamber 42 was released into the low pressure recipient
60, the low pressure recipient 60 cannot again supply the low pressure unless a
mechanism is implemented to empty the low pressure recipient 60. In other words,
the seawater at the ambient pressure that occupies the low pressure recipient 60
after valve 62 has been opened, has to be removed and the gas at the atmospheric
pressure that existed in the low pressure recipient 60 prior to opening the valve 62
has to be reestablished for recharging the low pressure recipient 60.
[0042] According to an exemplary embodiment and as shown in Figure 7, the

low pressure recipient 60 may be reused by providing a reset recipient 70 connected

to the low pressure recipient 60. The reset recipient 70 and the low pressure
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14 recipient 60 may be fornmed integrally, i.e., in one piece. Figure 7
shows the low pressure recipient 60 and the reset recipient 70 forned in a
single reset nodule 72. [0043] The | ow pressure recipient 60 nay include a
novabl e piston 74 that defines a |ow pressure gas chanber 76. This | ow
pressure gas (or vacuum) chanber 76 is the chanber that is filed with gas
(air for exanple) at atnospheric pressure and provides the | ow pressure to
the openi ng chanber 42 of the BOP. The |ow pressure recipient 60 may

i ncl ude recipiant 69anayhe dormed integrallhy.€r,dnlone piecaur higupr showsthel®OP. * The
connection of the port 78 to the BOP is discussed |later. [0044] A piston

assenbl yré&syre metipiene 80 iantiché hesdtovcipiens 30 fermetinga eimpleo@set Modufa 52.0n
assenbly 80 is provided in the reset recipient 70. The piston assenbly 80

i ncl udegp@4%y st on T4e I@W%résidré%c@?@n%é'rﬁéy RIcRITRY Mab%s@nﬂ@iﬁa& i's

configured to nove inside the reset recipient 70 while the first extension

el ement ﬁ?ﬂggl{f@gﬁé%ﬁg%&h‘%m r7t6herﬂd§)V| dé ﬁf@g g? lelbin§0 to_apply a

force t on 82 recrprent 70 into

The T os SPBOIRER RS f1a FHRTOET dabiss e g o rﬁéu%%%%@%ﬁaﬁm&é’p&%‘%mé’?; a

port 90 with a pressure source (not shown). The reset closing extend
chanber pggssue @adfnrgwaeathe)lomome@auwpéhe ogeainggrhandert4? etihe BfPRs Jinee
source or another pressure source. The release of the pressure fromthe
pr essur ¢ove prassard cedipient 88 etay iaciugeenpor? U8 whichemayp beraohydrdulip/retainves 94
and 96. A solid wall 98 nay be forned between the | ow pressure recipient

60 and bbet tbQﬁ@BOF’ etrhelc%nhe&ﬁbr{@f tﬁewrm@tdtn@ BOP i§ @ichksed materA second
ext ensi on el enent of the piston 82 may be used to | ock the piston 82.

The pi staiu442 mayAb&S oAREnidly 80 penetrates into the low pressure recipient 60.

. The piston assembly 80 is provided in the reset recipient 70. The piston assembly
80 includes a piston 82 and a first extension element 84. The piston 82 is configured
to move inside the reset recipient 70 while the first extension element 84 is
configured to enter the low pressure recipient 60 to apply a force to the piston 74.
The piston 82 divides the reset recipient 70 into a reset opening retract chamber 86
and a reset closing extend chamber 88. The reset opening retract chamber 86 is
configured to communicate via a port 90 with a pressure source (not shown). The
reset closing extend chamber 88 is configured to communicate via a port 92 to the
pressure source or another pressure source. The release of the pressure from the
pressure source to the reset recipient 70 may be controlled by valves 94 and 96. A
solid wall 98 may be formed between the low pressure recipient 60 and the reset
recipient 70 to separate the two recipients. A second extension element 100 of the
piston 82 may be used to lock the piston 82. The piston 82 may be locked in a

desired position by a locking mechanism 102. Mechanisms for locking a piston are
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desired position by a | ocking nechani sm 102. Mechani sns for | ocking a

pi ston are 15 know in the art, for exanple, Hydril Miltiple Position
Locking (MPL) clutch, from Hydril Conpany LP, Houston, Texas or other

| ocki ng device such as a collet |locking device or a ball grip |ocking
device. O her nechani snms can be enployed to hold the position of the
piston but this is not neant to limt the device but only to state
different ways to maintain its desired position. [0045] An operation of the
eset | moM e it dpeereraele. i a MuleledresiiansL asking AaRb) ST #B5R ment
illustrated in Figures 8A-F. According to this exenplary enbodinent, the
reset nobytd Gampany eBdiloustonypexas ohathat lookipp etevicepsunhsas a collettlbekin@doP
when configured as shown in Figure 8A. Figure 8A shows the piston 74

cont act i ghgvice 6f d®aligripheckinyvdevies.s Otker metiarfishs @andecdmplageditd @oldoive
pressure gas chanber 76 has a substantially maxi num vol unme. The pressure

f th : Less. it i t
0 € gﬁéslﬁﬂ%fthé?gsg?ﬂ)%_ﬁtﬁé’eusgfogﬁ}géhéééfﬁﬁm théme&l&%ekﬁﬂ}aﬁ fassure (water

pressure at I's position e reset

reci pi ent,. .I.he reset. ening retract chanber 86 is fully

ext ende 'Q%%"?M’%g?i‘gﬁfa"ﬁ‘?&'ﬁ@&éﬁﬁdﬁﬁ%ﬁﬁgmer 88 is fully conpressed. The
pi ston assenbly 80 is kept in place in the gosi,tion shown in Figure 8A by

t he | ockif84°hecharlsAPQIGHON Rhtherasst MOduIGe7 4 iscdiReHsSed WHL [SRreace iR AR 100.

[ 0046] When the BOP is triggered by a certain event to enter into action,
as shovexemplatyegmbodiment fiugtrateddn Rigures 8Ax-F olAceprdingg tastids exgjuplarny) may

I nstruct the valve 62 (see Figure 6) to open such that the high pressure
from t heerBbdiimehe rthe résetinoodul@ 724s vy teauppintheGlimasphere pred8ureltu the

corresponds to step 902 in Figure 9. The
BOP when configured as shown in Figure 8A. Figure 8A shows the piston 74
contacting a side of the low préssure recipient 60 such that the low pressure gas
chamber 76 has a substantially maximum volume. The pressure of the gas in
chamber 76 may be much less than the ambient pressure (water pressure at that
depth). The piston 82 is positioned in the reset recipient 70 such that the reset
opening retract chamber 86 is fully extended and the reset closing extend chamber
88 is fully compressed. The piston assembly 80 is kept in place in the position
shown in Figure 8A by the locking mechanism 102, which locks the second
extension element 100.
[0046] When the BOP is triggered by a certain event to enter into action, as
shown in step 900 in Figure 9, the controller 18 (see Figure 1) may instruct the valve
62 (see Figure 6) to open such that the high pressure from the BOP enters the low
pressure recipient 60 via port 78. This corresponds to step 902 in Figure 9. The

reset module 72 is configured at this time as shown in Figure 8B, i.e., the piston 74

has compressed the low pressure gas in chamber 76 such that chamber 76 is
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reset nodule 72 is configured at this tine as shown in Figure 8B, i.e., the
piston 74 has conpressed the | ow pressure gas in chanber 76 such that
chanber 76 is 16 substantially non-existent. This is due to the | arge
difference in pressure between the chanber 76 in Figure 8A and the anbi ent
pressure (sea pressure) entering via port 78. Also, in the configuration
shown in Figure 8B, the newy formed chanber 77 is filled with the liquid
that entered via port 78 at the high (anbient) pressure. This |iquid may
be sea wabstanballyamorappistenti dihés isydedolthe largquiifterepcditirpresaurerhidween reuse
the | ow pressure recipient 60, i.e., to have again chanber 76 with the gas

at | ow piieskamber T Pigut® 8BAZhdthe drbieat preeedre (sempregsire) omteBnark to
position A and the chanber 76 has to be reestablished. To achieve this

result, rﬁvahABbemStHé%ohf.gwa@tom R4 ih mgg%g;? g@ngrﬂ,yﬁo?@&gg%w 7i7he

wal | s 9 of the reset nodufe 72 an t he i nserted via

Such thit M mﬂ%ﬁqtﬂ%ﬂi%sezgérgd%&ﬁgegtshﬁ%gﬁ?gﬁ(aﬁﬁggﬁg SRR 77

p03|t|on The hi ssure liquid ed via port 92 may conme from
one or @Y MA%R %ﬁt §r°f?6|%°§mﬁr5’é"‘eﬁﬁ@uﬂ ?ﬁv‘t”ﬁe etc. This process is
illustrated as step 904 in Figure 9. The high pressure liquid may be a
hydr aul {@0471qui d. InTowslenjeireusis thellow presswg reeipienti€q; icat tachaveggaint hat i s
used in the art, as would be recogni zed by one skilled in the art, or

sal t wat ehamb[eﬂ@@&]ithﬁthetgas atilowiptessurentherpistontdehasivdie maveg ifromt 70, mor e
specifically the reset closing extend chanber 88, piston 82 is noving

N e A

close t Qchi Be RHib Qéélﬂt‘, aprﬁﬁllu Hé’é%upé ﬁ&?\d%ﬁ&y be inserted via port 92, between the
walls 98 of the reset module 72 and the piston 82. The liquid inserted via port 92
has to have a pressure higher than the pressure in chamber 77, such that piston 82
is capable to move piston 74 from position B to position A. The high pressure liquid
provided via port 92 may come from one or more accumulators, from surface via a
pipe, etc. This process is illustrated as step 904 in Figure 9. The high pressure
liquid may be a hydraulic liquid. The hydraulic liquid may be a dedicated liquid that
is used in the art, as would be recognized by one skilled in the art, or saltwater.
[0048] As the liquid is entering the reset recipient 70, more specifically the
reset closing extend chamber 88, piston 82 is moving towards the low pressure
recipient 60 pushing the piston 74 from B towards A, as shown in Figure 8C. This
process may continue until the piston 74 is close to the original position A and the
chamber 76 has been reestablished with the low pressure as shown in Figure 8D. At

this point the reset closing extend chamber 88 has substantially a maximum volume

and the reset opening retract chamber 86 has substantially a minimum volume. At
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chanber 76 has been reestablished with the | ow pressure as shown in Figure
8D. At this point the reset closing extend chanber 88 has substantially a
maxi mrum vol unme and the reset opening retract chanber 86 has substantially
a mninmumvolume. At 17 this stage, the pressure applied to the liquid
entering port 92 is suppressed such that piston 82 is not noving. This
process corresponds to step 906 in Figure 9. Not shown is the original
supply valve connected to the opening port of the BOP operator that

suppl i edthis slggar betpsepie amll%go theVismid ¢nfeliag ﬂoﬁat%mwr%%%ﬁ% taxthaust
from chanber 77 when the cylinder is being reset. During the reset

oper at i opistdme82 isppit ynovirad.v €hisgprobesshtmmdspdndstb atepedi6 indfigereopeNetl t o al | ow
the fluid volunme at chanmber 77 to exhaust to sea. Several nethods of

venting éhwi rsatné%tﬂlgmaqas@pwy vaiesdonmeetddttoithe opehinglport oft tBtBOP dplerstor
di sclosure tolist all the nethods that are know to sonmeone skilled in the

art. Qﬁ%}ﬁg@&}% edre:(siél{ilé écgﬁpft'?%“éﬁd 59 PPval%‘ﬂTeft%ﬂS\‘}vsrfRﬁHJ %%L%Fﬁ% I n

Figure 8 more efficiently reusing t OW pressure

<Cin & oo Vs Wi buindel R B0 s g oS o a1 on

A to position B. This configuration my be achieved jf piston 82 is noved
back to i pyihe biackedband Avent yaive oprned o aliw e fluidkydue .cgamsron a

hi gh pressure liquid may be punped via port 90 into the reset opening
retract Thinbdraustlo see Seepabosthodsrifyentng thetapped pressuteexist and ttéki ng
pl ace, the liquid present in the reset closing extend chanber 88 is
evacuat efbt (s inténtl of tiig dilcieuiss edl listadliethy netabds fiedt acd &kabarto&dnsdurienks and

chanber 86 fully expands, as shown in Figure 8E. In Figure 8E the piston

assenmbl w8 4iis thehfi eved to its original
[0049] However, the configuration of the reset module 72 shown in Figure 8D
may be modified for more efficiently reusing the low pressure recipient 60 as the first
extension element 84 of the piston assembly 80 is in a position that blocks a further
movement of piston 74 from position A to position B. This configuration may be
achieved if piston 82 is moved back to the position shown in Figure 8A. To achieve
this configuration, a high pressure liquid may be pumped via port 90 into the reset
opening retract chamber 86, see step 908 in Figure 9. When this process is taking
place, the liquid present in the reset closing extend chamber 88 is evacuated (as will
be discussed later) such that chamber 88 shrinks and chamber 86 fully expands, as
shown in Figure 8E. In Figure 8E the piston assembly 80 is retrieved to its original
position shown in Figure 8A while in Figure 8C the piston assembly 80 is pressed
against piston 74 fér resetting the piston 74 to its original position and for

reestablishing the low pressure in chamber 76. This process may be performed until

the piston assembly 80 is back at the original position, as shown in Figure 8F. This
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position shown in Figure 8A while in Figure 8C the piston assenbly 80 is
pressed against piston 74 for resetting the piston 74 to its original
position and for reestablishing the |ow pressure in chanber 76. This
process may be performed until the piston assenbly 80 is back at the
original position, as shown in Figure 8F. This 18 step 910 is shown in
Figure 9. A further step 912, shown in Figure 9, accounts for |ocking the
second extension el ement 100 of the piston assenbly 80 when the piston 82
i s retristar81@ is shownoini jgwel 9.pAdutthemstep 99 Roshownin Figuts Pgaerauntsofort i on.
[0050] Wth the reset nodule 72 configured as shown in Figure 8F, the BOP

may agailockirgethetseconiveptersion elefriemtm 00 of timpistonsssseenbly 80 pvian theigtoncl ose
and/ or open the ram bl ocks. According to an exenpl ary enbodi nent, Figure

10 showg2ngirétrie®éd tdies ngl%oéth’tﬁ‘\ 6E88se f&@bﬁ‘glﬁgl pestige accumul ator 30

and connections anong ese elements. One of ordinary skill in the art
woul d a | ate t | many
possi bl g@d %ljangeng\ﬂ SthE'}%%%hB@%%@éqf@e]Pér’&g%%? hg""ﬁm gig%lg gﬁ: B{énB@iD

accunul ator _30Q, as many variati achi eved, exa by addi ng
ot emodidiadan 38 e st ERRTE a8 Rrrslire RS ieRLSAIE B Apo?
configuration shown in Figure 10 serves to better understand the

f unct i ofPAY thy rqm@lq%éhﬁcg@@bm@tq on exegelasy ambedinent, EgyreddshowsoRrite 72) .

[ 0051] Figure 10 shows the BOP 26 as having the cylinder 36 connected to

t he | owopthesBOP6G, ¢he msehmdaliledd andehé accpmakdor 30 apd icphpedtiod8 dmoengig an
additional port 104 connected to a valve 106. In another exenplary

enbodi nielse didrhkhts’ DREEF ofdidarRKilllg thé artSaTd BPpfecidtBenhatanet reci pient 70

i's connected to the accunul at or
arrangement shown in Figure 10 is one of many possible arrangements of the BOP
26, the reset module 72 and the accumulator 30, as many variations may be
achieved, for example, by adding or removing valves between the shown
connections. The exemplary configuration shown in Figure 10 serves to better
understand the functioning of the rechargeable force generation device (reset
module 72). |
[0051] Figure 10 shows the BOP 26 as having the cylinder 36 connected to
the low pressure recipient 60 and the low pressure recipient 60 having an additional
port 104 connected to a valve 106. In another exemplary embodiment, ports 78 and
104 may be the same port. The reset recipient 70 is connected to the accumulator
30 via the ports 90 and 92. Each of these ports 90 and 92 may be connected to a
corresponding accumulator. The reset recipient 70 may have a port 108 connecting
chamber 86 to valve 106. This connection may serve to discharge the liquid pumped
via port 90 in chamber 86 when the piston assembly 80 has to be retrieved to its

original position.
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30 via the ports 90 and 92. Each of these ports 90 and 92 may be connected
to a corresponding accunul ator. The reset recipient 70 nay have a port 108
connecting chanber 86 to valve 106. This connection may serve to discharge
the liquid punped via port 90 in chanber 86 when the piston assenbly 80
has to be retrieved to its original position. 19 [0052] The valve 106 may
be activated by liquid punped by the accurmul ator 30 when the sane liquid

is punped into chanber 88. By activating (openjng) the valve 106 en the
accurul al085250 di sthearajea 19a&3y a%aatwa%gx Hawgdringieed By th%aequmv'ﬁgg

functions are perfornmed. First, the liquid fromchanber 86 is allowed to
exit ch3friamaendbe sanike lighist is pramteas ingschambeh?s.nBy activating (oipgning) theom
chanber 77 is allowed to exit, via the same valve 1.06. The expelled

l'iquid fyave ¢bamhenth8acendulalor 3tyisblkanges sieslliquid énto chambends, tibleast
accurul ator 30) or discharged in the anbient. After the liquid from

chamber Stm%afuﬂeﬁor%?ar@eb‘é‘?folﬂﬁgg. . n?ghgﬂgwggio\hg chaBinet Sé%ﬁ%d fdexit i quid may

be punped, by accunul'at or [ 6 to nove the piston assenbly

80 to its origigpal Liion the lidguid.p.s,;RuU Vi It into
chanber %Em?ﬁi|$2s‘@3ﬁ?§CWPmﬁ‘a¥§éﬁ'"?%£ﬂ tb%gaﬁ'%ﬁ?qﬂ c?‘%"@%é%ﬁg 88 is
allowed to exit via valve 110. Wen the g)(is on.as nblg 80 is ck.toits
posi t i orflloM@RHoIax!t vipdie sams valye 196, [ha gXpelemligudfrenbChemRers $2apd st on
assenbly 80 such that piston 74 may nove if the liquid fromchanber 42 of
cyl i nder73may beaieuser (.a. orebixpead do ancumulaterif or Hschargetkin the asakissiur e

reci pient 60. The process descri bed above nay be repeated nultiple tines
and t husfidrehé tiguig fess sthambers 86 antl 7dthawybden éxpetied, valy®a88]closesamd ng t o

an exenpl ary enbodi nent, the first extension elenent 84
the liquid may be pumped, by accumulator 30, into chamber 86 to move the piston
assembly 80 to its original position. When the liquid is pumped via port 90 into
chamber 86, valve 110 is activated such that the liquid in chamber 88 is allowed to
exit via valve 110. When the piston assembly 80 is back to its position shown in
Figure 8A, the locking mechanism 102 locks the piston assembly 80 such that piston
74 may move if the liquid from chamber 42 of cylinder 36 is allowed to expand into
chamber 77 of the low pressure recipient 60. The process described above may be
repeated multiple times and thus the low pressure recipient 60 may be reused.
[0053] According to an exemplary embodiment, the first extension element 84
of the piston assembly 80 is configured to press the piston 74 such that a volume of
the chamber 77 is substantially zero when a volume of the chamber 86 is
substantially zero. In addition, or independently, the second extension element 100
of the piston assembly 80 is configured to exit the chamber 88 such that a volume of

the chamber 88 is substantially zero when a volume of the chamber 76 is

substantially zero. According to another exemplary embodiment, the high pressure
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of the piston assenbly 80 is configured to press the piston 74 such that a
vol unme of the chanber 77 is substantially zero when a volune of the
chanber 86 is substantially zero. In addition, or independently, the
second extension element 100 of the piston assenbly 80 is configured to
exit the chanber 88 such that a volune of the chanber 88 is substantially
zero when a volune of the chanber 76 is substantially zero. According to
anot her exenpl ary enbodi nent, the high pressure 20 of the hydraulic |iquid
i s bet méﬁrthggmd%wbc liggd ds henasne2@thand 480 atm ahowe $he ambient prassyse@sdur e i n
chanber 76 of the | ow pressure recipient 60 is between 0.5 and 10 atm

[ 0054] Abe prelsuge irocteamizsreftobicthy lewlprdssratrecipient 8@ betweeak 8madsensor

may be provided in chanber 76 of the | ow pressure recipient 60 to nonitor
the | owatgpr essure in this chanmber. Further, according to another exenplary
enbodi ment, position detection sensors as described in U S. Provisional

Pat ent yicati o I : 460,
filed omﬂerﬂ)er rAisg’Sfdé&go, ng%ppajﬁgg@%g{'ﬁ%*t?wﬁégpg%?rselk%%@%grsur e of
whi ch is_incorporated herein ference, nmay .be ided . (i) in cylinder
36 to d&BC epﬁ V'@%@nt‘fn@ﬁ“ r@/%f{tgﬁ?%‘ﬁ,prﬁq"bre¥‘T’P'F?'ﬁ8%@¥9 e Eiheelo\”eci pi ent
60 to detect the position of piston 74, and/or (iii) or in the reset

reci pi eRfeSEYre i s ehambere fgthari ascasdingiteeantter exemplam erabediment,al | of
the positions of the pistons 38, 74, and/or 82, may allow a controller 112

t o cont positiohaletedtioasensérs dd désqribedsn e St Poovisioral Rdtantohp@ization Seeabf
ports 90 and 92 and also to control { valve 62 between the BOP 26 and | ow

pr g; 2”2?“; emtm'k?gc(oju%, ?Qtonhéy)@&bkéiqwrzﬁmot fle@oreBEcathBEY 181UTDY, FPRL . the
Judge et al., the entire disclosure of which is incorporated herein by reference, may
be provided (i) in cylinder 36 to detect the position of piston 38, (ii) in the low
pressure recipient 60 to detect the position of piston 74, and/or (iii) or in the reset f
recipient 70 to detect the position of piston 82. Knowing some or all of the positions
of the pistons 38, 74, and/or 82, may allow a controller 112 to control the release of
high pressure from accumulator 30 to one of ports 90 and 92 and also to control
valve 62 between the BOP 26 and low pressure recipient 60.
[0055] According to an exemplary embodiment, the steps of a method to
recharge a low pressure recipient that is part of a reset module are illustrated in
Figure 11. The method includes a step 1100 of receiving a hydraulic liquid at a first
high pressure in the low pressure recipient, the low pressure recipient being
configured to have first and second chambers separated by a first piston, the first
chamber being configured to receive the hydraulic liquid and the second chamber

being configured to include a gas at a low pressure, wherein the first chamber is

further configured to have an inlet via which the hydraulic liquid enters the first
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recharge a | ow pressure recipient that is part of a reset nodule are
illustrated in 7 4 | ti Figure 11. The nethod includes a step 1100 of
receiving a hydraulic liquid at a first high pressure in the |ow pressure
reci pient, the | ow pressure recipient being configured to have first and
second chanbers separated by a first piston, the first chanber being
configured to receive the hydraulic liquid and the second chanber being
configured to include a gas at a | ow pressure, wherein the first chanber is
further eRAMpbgiLARGaR @uﬂ%méa whighnihethygdrauligliogidl @xits the dirstuihamberqand ent er s
the first 21 4, chanber and an outlet via which the hydraulic liquid exits
the fi rswhemm second chahbeeisisedied sacho tvht obahvaeaulicdiquichepigrs acexitshat no
hydraulic liquid enters or exits via a port, a step 1102 of conpressing

the gas vyig d pert, sestepd 10bdres Eié@dh d it gddid thé ise8dnd thaPBeMBYEStHa® tikxpand
the first chanber, a step 110 rece|V|ng a second hlgh pressure in a

Separ at Eﬁkﬁeﬁ?ﬂpﬁ“‘é?%%ﬁaé@aﬁ'@ﬁb’? S haber S {0 CeeMo sl 0 1y
hi'gh prade Brersact £t A5 reqibeB STat BB n%vve"th“@'abmﬂhi e Tourch
chanber and to squeeze the third chanber, and a step 1106 of noving the
first plmerﬁﬁﬁéﬁraéed BY Adiston @ssembhf, V‘th@ée'ﬁltﬁ@ drirchehamberissepraried eset
reci pient, such that the second chanber is reestablished and the first
chanber bystheqawend@ha[rmeﬁej thadowrpiessurececipenhby aewallnar theeseicoad gt , t he
ow espsr;;seure determines the piston assembly to move to expand the fourth chamber and

to squeeze the third chamber, and a step 1106 of moving the first piston, under a

direct action of the piston assembly of the reset recipient, such that the second

chamber is reestablished and the first chamber is squeezed.

[0056] According to another exemplary embodiment, the low pressure

recipient may be reset not by the reset recipient 70 shown in Figure 7 but by a reset

mechanism as shown in Figure 12. Considering that chambers 76 and 77 are

separated by sealed piston 74, a mechanical screw drive 120 is provided to enter

chamber 76 and to press on piston 74 if necessary. Thus, when chamber 77 is

substantially at maximum and chamber 76 is substantially nonexistent, the screw

drive 120 may be activated to press the piston 74 to reestablish chamber 76. Those

skilled in the art would appreciate that other mechénical mechanisms may be used

to move piston 74 to reestablish chamber 76.

[0057] The screw drive 120 may be operated by a remote operated vehicle

122 (ROV), a diver, a subsea torque tool or other mode. In addition, the screw drive

120 may be operated by an electric drive source such as a motor to reset the piston.
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reci pient may be reset not by the reset recipient 70 showm in Figure 7 but
by a reset nechanismas shown in Figure 12. Considering that chanbers 76
and 77 are separated by seal ed piston 74, a nechanical screw drive 120 is
provided to enter chanber 76 and to press on piston 74 if necessary. Thus,
when chanber 77 is substantially at maxi num and chanber 76 is
substantially nonexistent, the screw drive 120 may be activated to press
the piston 74 to reestablish chanber 76. Those skilled in the art would
appr eci Alternatiyelyoameetorrfudishiowa) meaydieaplesead omethe thew peassure ohamber f0st on 74
to reestablish chanber 76. [0057] The screw drive 120 nay be operated by a

renot e apédrcahrected o theescrédZdriv@OM0 for rééstablishing tigiiBeit 78.0TRe ingstor or ot her
node. In addition, the screw drive 120 may be operated by an electric

drive spifyse 4 eRe 3pplcaIn0antdledtfie otbr{”‘@nd){h%t wer fgfzﬂ'@ h%fd?gﬁé?’ g% a

notor (not shown) may be placed on the | ow pressure chanber

connect t ' r S | i shing chanber 76. The notor

may be,g'??ﬁl%rqeﬁ§8p |b$%vg?%hrtéﬁ]a%%g)wggfspl:@%n%r and the power for the notor
may be _supplied yia g.cable 124 from a power squrce 126. [0058] According

to an e¥lary %%rawfsp,afr?ﬁm@ameemppdmr&t g@”ﬁ é%@%f"g?s %Pﬁ@gafor

resetting a |ow pressure in a |ow pressure recipient that is part of a

reset msthedfor regetling\adewpsessure ét apow presmira gecipisntihat s part af suesata

pressure control device for providing the | ow pressure. The nethod

i ncl udesodul, ¢re [DBOPresbureeeipientbeiry bynhicuibd to hisqbseh ptessufe taiitrdli gh

pressure in the | ow pressure recipient, the low pressure recipient being

confi gugddcd fortRY@dingtBE I6W d ' ' iy ston,
Cha | P1a8od R R SeRAS TREIIRNG SORISE S ro0ool Sy dl S

a hydraulic liquid at a first high pressure in the low pressure recipient, the low

pressure recipient being configured to have first and second chambers separated by
a first piston, the first chamber being configured to receive the hydraulic liquid and
the second chamber being configured to include a gas at the low pressure, wherein
the first chamber is further configured to have a port via which the hydraulic liquid
enters and exits the first chamber, and wherein the second chamber is sealed such
that no hydraulic liquid enters or exits via a port, a step 1302 of compressing the gas
in the second chamber such that the first piston moves to expand the first chamber,
a step 1304 of applying a rotational motion to a screw drive that is configured to
enter the second chamber for extending or retracting the screw drive to and from the
second chamber, and a step 1306 of moving the first piston, under a direct action of
the screw driye, such that the second chamber is reestablished and the first chamber
is squeezed.

[0059] The disclosed exemplary embodiments provide a device and a method

for repeatedly generating an undersea force with a reduced consumption of energy
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t he second chanber being configured to include a gas at the | ow pressure,
wherein the first chanber is further configured to have a port via which
the hydraulic liquid enters and exits the first chanber, and wherein the
second chanber is sealed such that no hydraulic liquid enters or exits via
a port, a step 1302 of conpressing the gas in the second chanber such that
the first piston noves to expand the first chanber, a step 1304 of
applying a rotational notion to a screw drive that s conflgured to enter
the secowdd aharayerostort ehaulhbe ngderstoed that this dessriptioprisRobintedaddoand from
the second chanber, and a step 1306 of noving the first piston, under a
direct alhit tire inkentidre Ounrtiesvcdntrary, theuetenplaty erheodiventsiarshintdnsiedite
reestabli shed and the first chanber is squeezed. [0059] The discl osed

exenpl aryoveraRgindEines moditstng aeMedqiivaatts awhighed indlgded @pkatspititand
generating an undersea force with a reduced consunption of energy 23 ai

and at 2530%\9,’ cff‘?ﬁé |nvtleht|<§rtf'99|dg iREd H?gé §E8&fhé&"&éuﬁ§q' Iswﬂ?éfcfn' P! Rtaileds Not

i nt ende e |nven I on e contrary, e exenpl ary

enmbodi ne are iptended to cover. alternatives

Soon il dareeribligh pRirEE iy S edimRnls thMersos satRtL BpERS P RefBbdn: i on
as defined b{f/}the appended clajns. Further, in the detailed description of

the exerfSP&F P RIQY @.%W@rewﬁwemeweewgefm elpimeq frvegtien s BOWEVER
order to provide a conprehensive understanding of the clained invention.

However ,oneosidlleskinl the aérti woult eindetstavdithdit vadeus esbadinnents vaay be pragtisedi nment s

may be practlced w t hout such specific details. [0060] Although the

f eat ur esyigitit eLietrepécifi©tietdils. present exenpl ary
[0060] Although the features and elements of the present exemplary
embodiments are described in the embodiments in particular combinations, each
feature or element can be used alone without the other features and elements of the
embodiments or in various combinations with or without other features and elements
disclosed herein.
[0061] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
example are intended to be within the scope of the claims if they have structural
elements that do not differ from the literal language of the claims, or if they include

equivalent structural elements with insubstantial differences from the literal languages

of the claims.
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enbodi nents are described in the enbodinents in particul ar conbi nations,
each feature or elenment can be used al one wi thout the other features and
el ements of the enbodinments or in various conbinations with or w thout

ot her features and el enents disclosed herein. [0061] This witten
description uses exanples to disclose the invention, including the best
node, and also to enable any person skilled in the art to practice the

i nvention, including maki ng and using any devices or systens and perform ng
any incorporated nethods. The patentable scope of the invention is defined
by the clainms, and may include other exanples that occur to those skilled
in the MWHATISOCLAIMED ISexanpl e are intended to be within the scope of the
clainms if they have structural elenents that do not differ fromthe
literal |angyapeegét mBaule!tdivdBused for Fedetfg 4 Prédiire irﬁﬁllb\/vf)k%@hrét ructural

el ements with insubstantial differences fromthe literal [anguages of the

cl ai ms. r@é}ﬁi@gﬁ@g\)\lﬁo%&t%% E%Ubéea@ﬁéfsﬁjg%cgﬂﬁb'll SV, e HRRE r{duid €setting a

pressure | pressure reclpl ) connected to a subsea pressure
control device, the reset nodule conprising: the | ow pressure recipient
(60) coffPIIPE t o have first (77) and second (76) chanbers separated by a
first piston (74), the first chanbeQH%77) bei ng confh&yred to receive a

hydraul i c |i Hif @wapregsyregecipian{6Pcaniigutasktoshaveniirst (i3ae serend K&ng
configured to include a gas at a | ow pressure, wherein the first chanber
(77) i schéambersesepavateddiyr & first pidtan €74, ther firs{ At mbern(7kh betmngt domfigyridaial i c
liquid enters and exits

receive a hydraulic liquid at a high pressure and the second chamber (76) being

configured to include a gas at a low pressure, wherein the first chamber (77) is

further configured to have a port (78) via which the hydraulic liquid enters and exits

the first chamber (77), and the second chamber (76) is sealed such that no liquid

enters or exits via a port; and

a reset mechanism (72) attached to the low pressure recipient (60) and

configured to reset the low pressure in the second chamber (76).

2. The reset module of Claim 1, wherein the reset mechanism (72) comprises:

a reset recipient (70) configured to have third and fourth chambers (86, 88),
wherein the third chamber (86) is separated from the second chamber (76) of the low
pressure recipient (60) by a sealed wall (98); and

a piston assembly (80) separating the third chamber (86) from the fourth
chamber (88) and including a second piston (82) having first and second extension
elements (84, 100) that extend along a direction of movement of the piston assembly

(80), the first extension element (84) being configured to enter the second chamber
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the first chanber (77), and the second chanber (76) is sealed such that no
liquid enters or exits via a port; and a reset nechanism (72) attached to
the | ow pressure recipient (60) and configured to reset the | ow pressure

in the second chanber (76). f 2. The reset nodule of Claim1, wherein the

reset mechanism (72) conprises: a reset recipient (70) configured to have
third and fourth chanbers (86, 88), wherein the third chanber (86) is

separated fr t he second chanpber (76), of the |lqgw, pres e recipient (60)
by 5 Sedt /8 ChIe DpGTFSSURISHPRTE(h At iiag) T B ol L) Rgatfie” i v o
chanber (86) fromthe fourth chanber (88) and including a second piston
(82) havserpntiextensigrieleswant d1@Xthaing eonfiggresrimextepd put Qgtb\)e foudh ext end
along a direction of novenent of the piston assenbly (80), the first

ext ensi ocharhiserg88) (BihE rbsetrecipienti(Z0)f ed to enter the second chanber 25 (76)
of the | ow pressure recipient (60) and contact the first piston (74) and

the second eyf&aRi (pB tRir@CRAMbELED) iﬁ;@@hﬁn@?é%%rﬁiﬁu?éﬂ%ll@ﬂﬂth@yt of the
fourth chanber (88) of the reset recipient (70), erein the third chanber

)

86) h inlet .90 ' ' O\ t
the i iy eipdlbyBhic ismep e S Eherlad ikl oCt dth Corlffiedid 0 o e
hyd lig liquid to exit. t hi chanb : d the f th chanb
(58) hastig s iabish i exivib e Shavanet BB aul i c 1 quid o enter
the fourth chanber (88) and an outlet configured to allow the hydraulic
liquid to exithe fousthy chamberc(88irbas apdwpt (92) configured to allow the hydraulic

liquid to enter the fourth chamber (88) and an outlet configured to allow the hydraulic

liquid to exit the fourth chamber (88).

3. The reset module of Claim 1, further comprising:

a first valve (106) connected to the outlet (104) of the first chamber (77) and
to the outlet (108) of the third chamber (86); and

a second valve (110) connected to the outlet of the fourth chamber (88),

wherein the first valve (106) is configured to be activated when the hydraulic
liquid is pumped into the fourth chamber (88), and

the second valve (110) is configured to be activated when the hydraulic liquid

is pumped into the third chamber (86).

4. The reset module of Claim 1, further comprising:

a locking mechanism (102) provided in a fifth chamber or fourth chamber (88)

and configured to lock the second extension element (100) of the piston device (80).
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3. The reset nodule of Claiml, further conprising: a first valve (106)
connected to the outlet (104) of the first chanber (77) and to the outlet
(108) of the third chanber (86); and a second val ve (110) connected to the
outlet of the fourth chanber (88), wherein the first valve (106) is
configured to be activated when the hydraulic liquid is punped into the
fourth chanber (88), and the second valve (110) is configured to be
activated when the hydraulic liquid is punped into the third chanber (86).
4. The reset Srdtelreseifmaalerof Claifid | Whereim ther first exgensioh @eddrnant (3d¢ bhthies m
(102) provided in a fifth chanber or fourth chanmber (88) and configured to

| ock t hgigteR aBSeRiiye89) RCAHfigRIY to(greas tied fiﬁsh?ist&rﬁml).sdehiﬂ@ﬁ 4 8hime a¥6 3 5.

The reset nodule of Claiml, wherein the first extension el enent (84) of
the pi i b i } 4) such
that & vof st CRABEY (F3S ol BotBRt PR G Syich RUBRME ot id cRatbar 0o,

vol une of thsj thilrd chanber (86) is substantially zero. 6. The reset

nodul e ﬂﬁsﬁ’ ??Haﬂ}'%ﬁﬁ%rei n the second extension elenent (100) of the

pi ston assenbly (80) is configured to exit the fourth chanber (88) such
that a volume of the fourth chanber (88) is substantially zero when a

vol unme of the second chanber (76) is substantially zero. 7. The reset
nodul e of Caim1l, further conprising: an accunul ator (30) connected to the
third (86) afdTheueset nedyleofi&ilinr §, wherein the second extension element (100)

of the piston assembly (80) is configured to exit the fourth chamber (88) such that a
volume of the fourth chamber (88) is substantially zero when a volume of the second

chamber (76) is substantially zero.

7. The reset module of Claim 1, further comprising:
an accumulator (30) connected to the third (86) and fourth (88) chambers and

configured to provide the hydraulic liquid at high pressure.

8. The reset module of Claim 1, wherein the high pressure is between 200
and 400 atm above an ambient pressure and the low pressure in the low pressure

recipient is between 0.5 and 10 atm.

9. The reset module of Claim 1, wherein the reset mechanism comprises:
a screw drive (120) entering the second chamber (76) and configured to be
extendable into and retractable from the second chamber (76) to displace the first

piston (74) towards and from the first chamber (77).
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configured to provide the hydraulic liquid at high pressure. 8. The reset
nodul e of Caim1l, wherein the high pressure is between 200 and 400 atm
above an anbi ent pressure and the | ow pressure in the | ow pressure
recipient is between 0.5 and 10 atm 9. The reset nodule of Caiml,
wherein the reset nmechani smconprises: a screw drive (120) entering the
second chanber (76) and configured to be extendable into and retractable
fromthe second chanber (76) to displace the first piston (74) towards and
from the firsi0.chaateed torreset @ fow pressune inha oW prassyi regipient (BPethaliise in a
| ow pressure recipient (60) that is part of a reset nodule (72), the | ow
pr essur epartof piresgt njéd)le £2)ntheclommretsutetrecipiens (B dseing essngated tmar ol
device for providing the | ow pressure, the nethod conprising: receiving a

hydr aul i@Bde@tﬂrdsﬁire%oﬁfrblsde\)j&@fbr?’r&ﬁéiﬁb_ﬁthé v PRssaNs, RRE pfath6d T eci pi ent
(60), the low pressure recipient (60) being configured to have first (77)

and sec%g I('%ﬁ% chanbers separated by a first piston (74), the first
chanber 5’ erng configured to receive the hydraulic liquid and the
6

n
second chanber (7 bei ng ,.conf.i gl{lr e%d t.a jnclude a tgas1 at a | ow pressure,
“wherein the fEFEVINGf utic/hquid At agt{ish Hah PERSSHTG (DG 1PW HESRIE port (78,
104) via which the hydraulic liquid enters and exits the first_chanber
(77), ar@CRitdP®), theelovweprersurergaipiant (6@) beirg seafigired je have fisst (A6) aydir aul i c
liquid enters or exits via a port; conpressing the gas in the second
chanber geecénd{iiGhchamatbersiseparated bpiasfirshpicion) (74)rdhe $irstcharmn 77 )heeihg r st
chanber (77);
configured to receive the hydraulic liquid and the second chamber (76) being
configured to include a gas at a low pressure, wherein the first chamber (77) is
further configured to have a port (78, 104) via which the hydraulic liquid enters and
exits the first chamber (77), and wherein the second chamber (76) is sealed such
- that no hydraulic liquid enters or exits via a port;
compressing the gas in the second chamber (76) such that the first piston (74)
moves to expand the first chamber (77);
receiving a second high pressure in a reset recipient (70), which is configured
to have third (86) and fourth (88) chambers separated by a piston assembly (80),
wherein the third chamber (86) is separated by the second chamber (76) of the low
pressure recipient (60) by a wall (98), and the second high pressuré determines the
piston assembly (80) to move to expand the fourth chamber (88) and to squeeze the
third chamber (86); and
moving the first piston (74), under a direct action of the piston assembly (80)

of the reset recipient (70), such that the second chamber (76) is reestablished and

the first chamber (77) is squeezed.
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receiving a second high pressure in a reset recipient (70), which is
configured to have third (86) and fourth (88) chanbers separated by a

pi ston assenbly (80), wherein the third chanber (86) is separated by the
second chanber (76) of the low pressure recipient (60) by a wall (98), and
t he second high pressure deternmines the piston assenbly (80) to nove to
expand the fourth chanber (88) and to squeeze the third chanber (86); and
noving the first piston (74), under a direct action of the piston assenbly
(80) of the reset recipient (70), such that the second chanber (76) is
reestablished and the first chanber (77) is squeezed. 28 11. The met hod of

G aim 10, wheneThe iedhed 6PCRIIMIEYX Yihéeréigl the swdebéigmtg Psesoridl kighur t her
conprises: providing the second high pressure in the fourth chanber (88).
12. The hed sftheFedindyidds: further conprising: providing the second high
pressurgFglaénsufﬁe tW?i rd ?ﬂ% )er (86) such that the piston assenbly (80)

noves to expanpd.the.third chanber (86).and .squeeze the ourth chanber
(88), wher ei ﬁrc{q’ﬁéénif%%%%“ QQB%P{F%%'()% 'Waﬁh‘8|f8@’§%%§a%‘§8%8§)pi ston (82)
having first (84) and second (100) extension elenents that extend along a
direction of novenment of the piston assenbly (80), the first extension

el emrent (84) being configured to enter the second chanber (76) of the | ow

pressure recilpdi Bm memd e@lairodit, fotherteenigrisgtg: pi ston (74) and the second
extension el enent (100) being configured to extend out of the fourth

chanber ( 88) prividifptheassiondetigp pestisute’ M) the 1Bird thambet (88) sath Ghatithe 12,
further conprising:
piston assembly (80) moves to expand the third chamber (86) and squeeze the
fourth chamber (88), wherein the piston assembly (80) includes a second piston (82)
having first (84) and second (100) extension elements that extend along a direction
of movement of the piston assembly (80), the first extension element (84) being
configured to enter the second chamber (76) of the low pressure recipient (60) and

contact the first piston (74) and the second extension element (100) being configured

to extend out of the fourth chamber (88) of the reset recipient (70).

13. The method of Claim 12, further comprising:

activating a first valve (106) by‘pumping the hydraulic liquid into the fourth
chamber (88), wherein the first valve (106) is connected to the outlet (104) of the first

chamber (77) and to an outlet (108) of the third chamber (86).

14. The method of Claim 13, further comprising:
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activating a first valve (106) by punping the hydraulic liquid into the
fourth chanber (88), wherein the first valve (106) is connected to the
outlet (104) of the first chanber (77) and to an outlet (108) of the third
chanmber (86). 14. The nethod of C aim 13, further conprising: 29
activating a second val ve (110) when the hydraulic liquid is punped into
the third chanber (86), mherein the second valve (110) is connected to an
outlet of the fourth chanber % 15. A nethod to reset a Iom1pressure in
a low pr essur@CtWéBWJﬁér@PO('@M?'V?Ké 0)i whempthe hx&raﬁhql@s@i ispyaped (ntohe t he | ow
pressure recipient (60) being connected to a subsea pressure control

devi ce fihirdmhawibetir (86); imbereinvthe sscoumdeyalvenél 10 ishoashnectetbioi an agtletrafdké vi ng a
hydraulic liquid at a first high pressure in the | ow pressure recipient
(60), thRuHawhahtes88). reci pient (60) being configured to have first (77)
and second (76) chanbers separated by a first piston (84), the first
chanber (77) being configured to receive the hydraulic liquid and the
second chanber (76) being configured to include a gas at the | ow pressure,

wherein the f t onf | ured to. hay t (78,
104y vi'a whi clp-PHESHE BUepetd I%P@Se@me Pia GEPI S g oLt Por LBl anpor
(77), and wherein the second chambe 76) is. sealed such that no hydraulic
liquid Rrbeka sesetmadile (72)athgdew: pr@%ﬁ%@é@@pwgt {603 bging sennasted ir-and
chanber (76) such that the first piston (74) noves to expand the first
chanber gubsea pressure control device for providing the low pressure, the method

comprising:

receiving a hydraulic liquid at a first high pressure in the low pressure
recipient (60), the low pressure recipient (60) being configured to have first (77) and
second (76) chambers separated by a first piston (84), the first chamber (77) being
configured to receive the hydraulic liquid and the second chamber (76) being
configured to include a gas at the low pressure, wherein the first chamber (77) is
further configured to have a port (78, 104) via which the hydraulic liquid enters and
exits the first chamber (77), and wherein the second chamber (76) is sealed such
that no hydraulic liquid enters or exits via a port;

compressing the gas in the second chamber (76) such that the first piston (74)
moves to expand the first chamber (77);

applying a rotational motion to a screw drive (120) that is configured to enter
the second chamber (76) for extending or retracting the screw drive (120) to and

from the second chamber (76); and
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applying a rotational notion to a screw drive (120) that is configured to
enter the second chanber (76) for extending or retracting the screw drive
(120) to and fromthe second chanber (76); and 30 noving the first piston
(74), under a direct action of the screw drive (120), such that the second
chanmber (76) is reestablished and the first chanber (77) is squeezed. Pgg
31

moving the first piston (74), under a direct action of the screw drive (120),
such that the second chamber (76) is reestablished and the first chamber (77) is

squeezed.
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