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particularly, the present invention relates to a double valve that allows an
unpressurized port and a balance port to be in fluid communication when a
pressurized port is closed.

Background of the Technology

[0002] In most offshore-drilling operations, a wellhead at the sea floor is
positioned at the upper end of the subterranean wellbore lined with casing, a
blowout-preventer (BOP) stack is mounted to the wellhead, and a lower-marine-
riser package (LMRP) is mounted to the BOP stack. The upper end of the LMRP
typically includes a flex joint coupled to the lower end of a drilling riser that
extends upward to a drilling vessel at the sea surface. A drill string is hung from
the drilling vessel through the drilling riser, the LMRP, the BOP stack, and the
wellhead into the wellbore.

[0003] During drilling operations, drilling fluid, or mud, is pumped from the sea
surface down the drill string, and returns up the annulus around the drill string.
In the event of a rapid invasion of formation fluid into the annulus, commonly
known as a kick, the BOP stack may actuate to seal the annulus and control the
fluid pressure in the wellbore. In particular, the BOP stack typically includes a
plurality of stacked sets of opposed rams (e.g., pipe rams, shear rams, blind
rams, etc.) designed to seal in the wellbore and prevent the release of high-
pressure formation fluids from the wellbore and so the BOP stack and LMRP
function as pressure control devices. The opposed rams are disposed in cavities
that intersect the main bore of the BOP stack and support the rams as they move
radially into and out of the main bore. Each set of rams is actuated and
transitioned between an open position and a closed position by a pair of
actuators. In the open positions, the rams are radially withdrawn from the main

bore and do not interfere with hardware that may extend through the main bore.



[0003] During drilling operations, drilling fluid, or nmud, is punped from
the sea surface down the drill string, and returns up the annul us around
the drillwetwnidgoéibn t he event of a rapid invasion of fecwat2an/o#i7eéd into
t he annul us, conmmonly known as a kick, the BOP stack may actuate to seal
the annulus and control the fluid pressure in the wellbore. In particular,
the BOP stack typically includes a plurality of stacked sets of opposed
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close the ram. Thus, opening the ram consumes more pressurized hydraulic
fluid volume than is necessary and wastes the finite volume of pressurized
hydraulic fluid in the subsea accumulators.
[0006] Accordingly, there remains a need in the art for devices, systems, and
methods for actuating one or more rams of a subsea BOP stack. Such devices,

systems, and methods would be particularly well-received if they offered the



potential to reduce the volunme of pressurized hydraulic fluid necessary to
open the rans. Brief Summary of the Disclosure [0007] These and ot her needs
in the arwoans/@mgddsessed i n one enbodi nent by a val ve f@ecTaseizoliuag t he
flowof a fluid. In an enbodi nent, the valve conprises a housing having a
| ongi tudi nal axis and including a first chanber, a second chanber, and a
neut r al chanber positioned axially between the first chanber and the second
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di sposed within the housing and extendi ng axially through the neut r al

chanber. Thiesanesm i ncl udes a first end and a second end opposite the first
end. Further, the valve conprises a first valve nenber at |east partially
di sposed in the first chanber and connected to the first end of the stem
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the main bore. In addition, the system conprises an actuator assenbly
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position. Tgrst c%am %}r grgd t%g %181?1211?3'.1 cham T ana an open position spaced apart from
the first valve seat. Still further, the valve includes a second valve member at
least partially disposed in the second chamber and connected to the second end
of the stem. The second valve member has a closed position seated in a second
annular valve seat positioned axially between the second chamber and the
neutral chamber and an open position spaced apart from the second valve seat.
Moreover, the valve includes a biasing member positioned between the second
valve member and the housing. The biasing member is configured to bias the
second valve member to the closed position and the first valve member to the
open position.
[0008] These and other needs in the art are addressed in another embodiment by
a system for drilling a subsea wellbore. In an embodiment, the system comprises
a BOP including a main bore and a ram BOP. The ram BOP includes a pair of
opposed rams, each ram having an open position withdrawn from the main bore
and a closed position extending into the main bore. In addition, the system
comprises an actuator assembly configured to transition one ram between the

open position and the closed position. The actuator assembly comprises a



cylinder having an inner cavity. Further, the actuator assenbly conprises a
pi ston slidingly disposed in the cylinder. The piston divides the inner
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an embodiment, the method comprises supplying pressurized fluid through a first
fluid circuit to a first chamber of a piston-cylinder assembly and a first chamber
of a valve. In addition, the method comprises exhausting fluid in a second
chamber of the piston-cylinder assembly into a second fluid circuit while
supplying pressurized fluid through the first fluid circuit. Further, the method
comprises exhausting fluid in a second chamber of the valve into the second
fluid circuit while supplying pressurized fluid through the first fluid circuit. Still
further, the method comprises exhausting fluid in a third chamber of the piston-
cylinder assembly into a third chamber of the valve while supplying pressurized

fluid through the first fluid circuit. Moreover, the method comprises exhausting



Brief Description of the Drawi ngs [0011] For a detail ed description of the
preferred enbodi nents of the invention, reference will now be made to the
acconmpanywogotv@meéings i n which: [0012] Figure 1 is a pePspastinasvuew of an
enbodi nent of a valve in accordance with the principles described herein;
[0013] Figure 2 is a top view of the valve of Figure 1; [0014] Figure 3 is
an end view of the valve of Figure 1; [0015] Figure 4 is a perspective

IC: |r gﬁf‘esg;ﬁ | gnalkin WeaMIr@EndnhtRer ¥RINE® aRk iftbIk Rcdnd Ae@ibeRbPMG vhivee A-A of
while supplying pressurized fluid through the first fluid circuit.
[0010] Embodiments described herein comprise a combination of features and
advantages intended to address various shortcomings associated with certain
prior devices, systems, and methods. The various characteristics described
above, as well as other features, will be apparent to those skilled in the art upon

reading the following detailed description and by referring to the accompanying

drawings.

Brief Description of the Drawings

[0011] For a detailed description of the preferred embodiments of the invention,
reference will now be made to the accompanying drawings in which:

[0012] Figure 1 is a perspective view of an embodiment of a valve in
accordance with the principles described herein;

[0013] Figure 2 is a top view of the valve of Figure 1;

[0014] Figure 3 is an end view of the valve of Figure 1;

[0015] Figure 4 is a perspective cross-sectional view of the valve of Figure 1
taken along line A-A of Figure 2;

[0016] Figure 5 is a cross-sectional side view of the valve of Figure 1 taken
along line A-A of Figure 2 and in a close position;

[0017] Figure 6 is a cross-sectional side view of the valve of Figure 1 taken
along line A-A of Figure 2 and in an open position;

[0018] Figure 7 is a cross-sectional side view of the valve of Figure 1 taken
along line B-B of Figure 3;

[0019] Figure 8 is a schematic view of an offshore drilling and/or production
system including a subsea BOP stack;

[0020] Figure 9 is an enlarged schematic view of the BOP stack of Figure 8;
[0021] Figure 10 is a schematic view of one ram actuator assembly of the BOP
stack of Figure 9 closing one exemplary BOP ram of Figure 9; and

[0022] Figure 11 is a schematic view of the ram actuator assembly of Figure 10

opening the exemplary BOP ram of Figure 10.



[0016] Figure 5 is a cross-sectional side view of the valve of Figure 1
taken along line A-A of Figure 2 and in a close position; [0017] Figure 6

i s a croswoerxioodial side view of the val ve of Figure 1PCaRSR01al0adTge | i ne
A-A of Figure 2 and in an open position; [0018] Figure 7 is a
cross-sectional side view of the valve of Figure 1 taken along |line B-B of
Figure 3; [0019] Figure 8 is a schematic view of an offshore drilling
and/ or production systemincluding a subsea BOP stack; [0020] Figure 9 is
an enl arged schematic view of the BOP stack of Figure 8; [0021] Figure 10

i s a schenabetilvd Pesaiptimeofi Bmbadimmtor assenbly of the BOP stack of Figure
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exenpl ary BEEwEam &fe skil@H"i® thkCut will understand that the examples disclosed
herein have a broad application, and that the discussion of any embodiment is
meant only to be exemplary of that embodiment, and not intended to suggest that
the scope of the disclosure, including the claims, is limited to that embodiment.
[0024] Certain terms are used throughout the following description and claims to
refer to particular features or components. As one skilled in the art appreciates,
different persons may refer to the same feature or component by different names.
This document does not intend to distinguish between components or features
that differ in name but not function. The drawing figures are not necessarily to
scale. Certain features and components may be shown exaggerated in scale or in
somewhat schematic form and some details of conventional elements may not be
shown in interest of clarity and conciseness.
[0025] In the following discussion and in the claims, the terms “including” and
“comprising” are used in an open-ended fashion, and thus should be interpreted
to mean “including, but not limited to... .” Also, the term “couple” or “couples”
1s intended to mean either an indirect or direct connection. Thus, if a first device
couples to a second device, that connection may be through a direct connection,
or through an indirect connection via other devices, components, and connec-
tions. In addition, as used herein, the terms “axial” and “axially” generally mean
along or parallel to a central axis (e.g., central axis of a body or a port), while the
terms “radial” and “radially” generally mean perpendicular to the central axis.
For instance, an axial distance refers to a distance measured along or parallel to
the central axis, and a radial distance means a distance measured perpendicular
to the central axis.
[0026] Referring now to Figures 1-7, an embodiment of a valve 10 in
accordance with the principles described herein. In general, valve 10 is designed
and configured to control the flow of pressurized fluid (e.g., pressurized

hydraulic fluid) used to transition or actuate a device such as a BOP ram or



Det ai | ed Description of Enbodi ments [0023] The foll ow ng discussion is
directed to various exenplary enbodi nents. However, one skilled in the art
wi | | undewetarsdopdiat t he exanpl es di scl osed herei n havePaThiSo@d/045746
application, and that the discussion of any enbodinent is neant only to be
exenplary of that enbodi nent, and not intended to suggest that the scope of
the disclosure, including the clains, is |imted to that enbodi nent. [0024]
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positions). In this enbodi ment, valve 10 includes a val ve body or housing
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positioned between and physically separates chambers 21, 23, and a second
annular divider or wall 40 is axially positioned between and physically separates
chambers 22, 23. In particular, wall 30 extends radially inward relative to
surfaces 21a, 23a and defines planar surfaces 21c¢, 23b; and wall 40 extends
radially inward relative to surfaces 22a, 23a and defines surfaces 22b, 23c. In
addition, wall 30 includes a cylindrical recess or counterbore 31 extending
axially from surface 21c, a central hole or bore 32 extending axially from recess
31 to surface 23b, and a plurality of circumferentially spaced holes or bores 33
extending axially from recess 31 to surface 23b. Counterbore 31 and central bore
32 are coaxially aligned within housing 20, and bores 33 are disposed about
central bore 32. Stem 50 extends axially through counterbore 31 and central bore
32. The diameter of central bore 32 is substantially the same or slightly greater

than the diameter of stem 50, and thus, stem 50 slidingly engages central bore



[ 0027] Housing 20 has a central or longitudinal axis 25, a first end 20a,
and a second end 20b opposite end 20a. In addition, housing 20 includes
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cl ose chanmber 21, an open chanber 22, and a neutral chanber 23 axially

di sposed between chanbers 21, 22. As best shown in Figures 5 and 6, in this
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28 extends radially throu housi ng 20 to neutral chanber 23. [0028]
Referring n[@QZSt]oArFaIguuiaeshdulder% if forgied anthe ligtersaétionde ichambeval1lan80 i s axial ly

positioned between physi aII chanbers_. 21, 23, and a second
DUl ar i VBT e i in RS S cdent RPOHR T RSB Hadh R by cal 1 y
separ at es CHAIBebSerddd atdd-acht@ aﬁgl'étrélﬁﬂ‘i/@tro ax¥¥edd, A3Qvigpk@gsive@di al |y inward
relative to surfaces 2l1a, 23a and defines planar surfaces 21c, 23b; and

wal | 40 extlenttsietzalcbmw,yvalvwvamubﬂeﬂoanom nto asdmﬁmfssalﬁmngagede def i nes
surfaces 22b, recess or

count er bor eV éH%E%PéWBF%€q5&(@T?@%ﬁbgﬂﬁsﬂFwﬁkégg 3%2%% or bore

32 extendi ngyaxd at WhAECRIVEG8SBer3M) ik Qedibl] m%?ve%%@t 36a%ivéln{éh}li’eﬁ17(')t y of
circunferentially spaced holes or bores 33 extending axially fromrecess 31

to surfacelﬁﬁbcm@m@nﬂenmémei@immnmcmenﬂmmWabnﬂen®2méﬂeZ%maxmamMy al i gned

W t hin hous%ﬁgyﬁEE d . bores 3 gﬁ about gntral re 32. Stem 50
ext ends axi FeSotrgROWEYt ¥ ‘H]oY g CeNOPLICUSGAEIEY Vaee di anet er of
central borgad%, 'ﬁl&é@ﬁ&%ﬂ%&tﬁiﬂ Bét\%b% &ﬁ%el‘%rzﬁ% Bhetit@l &3 Shutlan the

di ameter of stem 50, and thus, stem 50 slidingly engages central bore 32.

However , c obhanet tisoese3 8 Thhasinpulds drendborgs dhprvideridinid passags Batwedranet er  of

stem 50, and t hus annul s 34 is r med hi n ount bore 31 radiall
bet ween ste‘?qﬁ agWey a% e%ﬂfavﬁg?ee@eﬁ%8és>&pé?#é?%r¥? ﬁﬁ?ﬁ 034 to chanber )2/3

thereby al | Qusg)Rettiing n%%”ﬂ&llfigﬁ@& Lon vhet AERRas b HRdAtI 38 schanber  23.
[0029] An annular shotl der 36 is fornmed at the intersection of chamber 21

and countenhmn@ﬂﬁie4lnxmhmsgenmbﬁﬁnenﬂuﬁ@ﬁaﬁwderneﬁlmhngmogeﬁla
frusto-coni cal surfa ri ent ed t an. acute a relative to axis 25. As
Wit be qeserrmitE PaRoPan G 1 loanaurs ol ool naledey ShliGotGent o and out
of sealing @J]E/as@@éé%%léé‘&|Bofersl4§te§2teﬁ@1ﬂg%§iall§@% f&%éss&@ to ¥hdadelas, shoul der
36 may al so bé referred to as a valve seat. Wen valve nenber 70 is seated

in val ve se@ouB@poreallveadeentod boiR04 @e coixgally dignpd svdm oukingi 2, emhmuni cat i on

bet ween ch nber 21,.23 v annul 34 3 when val ve
merber 70 ot SEdiigleRoE il s e s g Sieiits bR T on bot ween
chanbers ZLxm%%ﬂkﬁeﬁ?%ﬁ&&&ﬁﬁh3@€4én?M§&ﬁm@ér@ﬂ&x@ﬁf&ﬁea§1sThUS annul us 34
and bores 33 provide a fluid passage between chanbers 21, 23 when val ve

menber 70 igibsipaicaly the @ztmwm shighde gtea®6 than the diameter of stem 50 and thus,

stem 50 slidingly engages central bore 42. However, counterbore 41 has a

diameter greater than the outer diameter of stem 50, and thus, an annulus 44 is
formed within counterbore 41 radially between stem 50 and wall 40. Bores 43
extend from annulus 44 to chamber 23, thereby allowing fluid communication
between annulus 44 and chamber 23.

[0031] An annular shoulder 46 is formed at the intersection of chamber 22 and
counterbore 41. In this embodiment, shoulder 46 comprises a frusto-conical

surface oriented at an acute angle relative to axis 25. As will be described in



[ 0030] Referring nowto Figures 4-7, wall 40 includes a cylindrical recess
or counterb ore 41 extending axially fromsurface 22b, a central hole or
bore 42 exbDentiaogelaxi ally fromrecess 41 to surface 23cpcansb@2phimal ity of
circunferentially spaced holes or bores 43 extending axially fromrecess 41
to surface 23c. Counterbore 41 and central bore 42 are coaxially aligned

w t hin housing 20, and bores 43 are di sposed about central bore 42. Stem 50
extends axi gbleydetdir RSN, &W%&BQ&VS@ lﬂéve%riﬁto%ﬁ@bﬁ%f s@Ql'hf‘g hag cthgdi anet er  of
central bore 42 is substantially the same or slightly greater t han t he

di anet er ofwsgh émtﬁe:ona:abshohldsr 46 taphtB G, @10|utﬁeng6 ymagniadeseieend tabs bore 42.

However, counterbor has a di ter at t han out er d meter of
stem 50, and'qlKgseat %K Yeu@elﬁlh i) ‘f‘ﬁ Sl’?atc%{mg& H%'}Phbeh radial |y

bet ween st %égts%?gré%hﬂs Y c&%ﬁﬁcﬁon@a&wé& cfhaﬁlmrmuw%a%ﬂnﬁlascharrber 23,
thereby allow ng f communi cat i on between annul us 44 and chamber 23.

[ 0031] An akhalddroretviluhdeevetowhen Yavamdmaer $this nontearedegninsirvabfe chanber 22

and count er bor 1..1n odi nmen 46 co ri ses

Frust o cont B3 1 i M Ay T ABRES “ang § FERAETVE T9UA%I s 25. As
will be desgfifeshréduIThes dghdhs 4b§ﬁc9%reé’4*3 El%Vﬂfé%ld BssARVESwhdH O and out
of sealing engagenent with frusto-conical oul der 46, and thus, shoul der

46 may al sochaeberssf2 Qédfhemvalgemandjevéomaced\/ﬂmnVabzle\seatﬁlénber 80 is seated

in val ve se val ve ne tricts or.prevents w d comuni cati on
bot ween chell ResSTing 3l do Shettrub Ta G woraBesgiots when val ve

member 80 i §-REd by §H8LaRGBIRR 1VREMBNE §&le HRock fIDUA HrsE Bahﬁd)n bet ween
chanbers 22, 23 is permtted via annulus 44 and bores 43 hus, annul us 44

and bores %sqgomﬂ/etdﬂeca@ 14 apixiajhpssagd abéamtlyncmlrpiedomdstozezgd Bad vmen val ve
rrenber 80 i 003 ferrin ain to Figures
e thi B SRESRk L SR IE sBBber2d: Pt g daird el SRbDeb ook 11" a
Second val ves. bh@ekd 14aaﬂ°d'tﬂ§ék %fﬁ@%pé@cheﬁi%r@Z%@@@&@sﬁd% @ap 14
coaxially aligned and axially coupled end-to-end. End cap 13 and bl ock 11

define cl os&guﬂeadbérandﬂ a pluodky oﬁmrcullzfentaﬁalhespaecd thadugbbarebed 23; and end

and 7. a ol SRRl eRPaner [ anrod pa B8 R OUEREsRee b Sxtend |
axially t hrEb’lﬂs*’(n@ﬁﬁB\xJﬂl) @Fekpaésjed tArdu g Hoeaps §§ax1§lﬂ/ &ﬁﬁm@@%ﬁﬁﬁ% 280a, b. Bolts

(not shown) are passed through bores 15 to axially conpress housing 20 and
hol d bl ocksarlillholdllzloalmlleda apdped ¢&Bs 13414 wgethbie An amulansaal assewbhl assenbl y

16 i di b I 3 d bl ock
17, an annl 6 SUER ESEuRE by e FaF saRe HedbeS HROEE bEMER R coat i ngl y
engages bl ogKsnkihr sde? ass@ﬂl@lyam ﬁ@ﬁkﬂ&l@}r d1§1§‘&led B&%@P bﬁ{d §e%hh§lyreﬁ§dg%|s l'y di sposed
bet ween and sealingly engages end cap and bl ock . I'n"this enbodi nent,

each seal a@s@ﬁbﬂlyll@,ndﬂﬁ amllﬂalcsmmssmlslydﬁ lamdlﬂllardlﬂp@ml@twceml gI and and
an 0-ring se osed | e s n Seal ssenbll 6, 17,

restrict or® Eir“@(j %F%?Tﬁ]?@mmﬁg’i?‘%&% Flh l}to‘?at‘i§§e or med bet ween
bl ocks 11, aﬂs@erﬁﬁl? 1%”137 ,08R®mbAisesldh anhﬁfa?’?dceﬂe&r%éﬂ'gﬂﬁld%%’ah@ Eh%b'éa@s 4-7,
stem 50 is an cylindrical rod coaxially disposed in housing As

previ ously depwsed eitic sell glan80Seak asseiibligshito ighl Samsirist ordirenginyfleidgages centr al
bores 33, 43 in walls re ctively. | ddj tign, .stem 50 has a
central or SooHOME Fidfogh S TR AL B ecy PedEsd & 198na B, ond S0a
proxi mal tojxligse chamber 21, and a second end 50b opposite end 50a and

proxi mal to open chanber 22. In this enbodinment, stem50 is nade fromtwo
separ at e el B0y IRefgrisgnowHatigres £dnsent ¥ds emdylllrwer@aldovlncmmdl}t hr eaded st ud.

0034] Ends,.50 b dt t | I
this enbod; digped JtiSingalas v BistSedPentg sHexisnds weiaiantt ool 1y
formed wi t g @@f@ﬁgages Qe RIS 33 43 EacAIY 30,40, ABpREYe]Om Bitich, an annul ar

y a

di sc coaxi al | igned with stem50. In particular, each val ve nenber 70,
80 has an iwereP0dngla central or longitudinal axis 55 coincident with axis 25, a first end

50a proximal to close chamber 21, and a second end 50b opposite end 50a and



70a, 80a, respectively, integral with end 50a, b, respectively, and an
outer end 70b, 80b, respectively, integral with distal end 50a, b,
respect i webypn1d/av@addi ti on, each val ve nmenber 70, 80 conmpCirasg01a/045746
frustoconical surface 71, 81, respectively, extending frominner end 70a,
80a, respectively. Surfaces 71, 81 are oriented at an acute angle relative
to axes 25, 55, and nore specifically, are oriented at the sane angle as
val ve seat #Bxint to éﬁe%%ﬁﬁlwlei»’ In W&nb&ﬁﬁqfeﬁ‘tc%m%b is &ha@krofiphwe nenbers 70,
80, respectively, are configured to mate with valve seats 36, 46,

respecti vel geparﬁmodhon@te\mm&aﬁnbmre EOnnee®dahdao1em¢mt¢iels:hEadqd imdir i cal recess

or counterb res tive ext endi X|aII fro uter end 70b,
80b, respec@ﬁgg ds?é@ ﬁéﬁb@ 7@0 ﬁg 5¥V3 Yating val ve

seat 36 to &%Ecﬁl%ntf lrélbé’nﬁ%@}é”ﬁocé(t) h&ﬂnt@?ﬁa‘l‘@ﬂ'm%h&ﬁﬁwﬁlﬁ‘ﬁfﬂ?%d $4nand neutral
chanber 23, and val ve menber 80 rel easabl’y engages mating val ve seat 46 to

control fl Lmespe@t)mmdsé@a;h)lEableml/e%meaﬁ)enﬂmwnbem a@@laniscroeaxindy chanber 23.
Frust oconi c ace 7 val ve nenber, 70 te th seat 36, thereby
For mi ng.an_ Sienet ai e b0 1o el B G v RePBBol Wabt s ABANSaT . nerber 70
engages seaja380a késb@é’ﬂv%l%n nftégﬁlt\%?l?éﬁcpﬁia §%§;§5€§w§} £ Hhwe ep@NDEr 80
mates with seat theréeby formng an annul ar netal-to-metal seal 84

t her ebet V\ee?ﬂb/\/ﬁ@bl W@Ievta’eifsemnegramltbdgse@esd §emb, #BpecBeely. Inaddeenr i ct s and/ or
prevents f|UI connunlca aon, bet ween ¢l ose ¢ r d annul us 34 when
val ve menberdchyalve néeé@%eégb E{b%"é‘&fm%a ?‘Hﬁac ‘5\? @'Eacleéitgfgf@e%{hv yor prevent s

fluid comuniGriidOffoRghYE @Rd 0L -0S h@éﬂ%@t’ive%z SdcamMuB vsreAdicnran val ve
menber 80 is seated in seat 46. Accordi ngly, each valve menber 70, 80 may

be descri beah mtdmlglelmlaavctcnw@d 2p o, ancbmoemgaglﬁngﬂssaeet orgffeds the

respectivel mn and an o itjion axia a t 36, 46,

respect i velgj{l E[“@B’?é]va ﬁgt%% v EPCRHYC, i@f @ &ﬁ’ﬁd ﬂg&fﬂé V3% t o move val ve
menbers 70, ;8RpeRt70, SNdePbdiively, 8RAIONNGuRASAFRIBIEL VAL H st dd)deseat s 36, 46,
respectively (i.e., between theé open and closed positions). In other words,

val ve nenbetespezyelgEathwelvaxmnerhbey 70edGalsvmctudehaoglimigic@loeedsony with stem

50. | t \ 50 h ial | t h th I nmb
80 i i bt HUBkoEs T pas FoBH Sear PrEIgheRYam ReTid 48 70d e menber 7' s
in the openrep[g&h{,a?n axially spaced fromseat 36 (Figure 5); and when valve

menber 70 is in the closed position sealingly engagi ng seat 36, valve
menber 80 0035 Ydee mpmhelp&reiaambham@gwmamgdvd $eanP G watony 6l Khlﬁdgur e 6).

Thus, when f] uid t amh tricted and/
prevent ed by SRCRIPR B DS T e P OB aarasat Heind Pl o O

communi cat i YRmBE! YRR RSN %eszr%au@vdlv?e e 18 tfotc%ﬁtrél':ﬂhﬂ&i”b@mﬁ?umﬁnd when
fluid conmuni cati on between chanbers , 23 is restricted and/ or prevented

by seal 74 tiethateecnveicushamhtiel? dnd nendalsbambds’3. Frusiatotioamuniacatl on bet ween
chanbers 22,.2 tted 6 t .shoul d be pre iat ed that one
Vot ve: menbett e ByRFa ooy ish Ytk docivsby oSRORE SubulPRASES TS oloseq
and furt hermeﬁ?&&afﬂtffé%@%en%eh%lv@ nhdnitied 79@[’%&@@& GHk B@rLﬂéé\H@e chanmber 21
or chanber 22 dependi ng on which val ve nenb , i s open. [0037] Valve

menber 80 iBuivcenidl swfach 8l of vdecimeodict Bdmatn geth segt Kedterehy foymiagbi asi ng
menber 87 positi ned n val ve nber 80 and usi ng 20. Since
Valve nombent duRE e e R SRR RSy e eies SEHRRES 1 i e

cl osed posi dehody. SBhiami BgtrifR AREoOr ?\%Véfﬁyﬂﬁﬂd%nﬁﬁurﬁ&cﬁﬁ)h'b@ﬁ%eﬁ%lﬁéaS' ng val ve
menber 70 to the open position. In this enbodi nent, biasing nenber 87 is a

coil spri ngchambasihgndrmnbbm 3@ wvlien vbatreember H0ds estedsn seﬁt 3aindseplenber 80 to

trict t nber 87.f adi al | i thi
chamber 22, o GosB] WP PR R L Torv i i R g DS 22l bosi ti ons
CF L 20 anilials et s 00 Qe%&@ﬂﬁ%ea@%thec&&iﬁglgn@ééhﬂzfafv%ﬂ s of the

bi asing force applied by biasing nenber 87 and the flurd pressures within
chamber s 21memper As 8fmayibsuishgribdd s hintiegla cloned pesiticn engagiag s#0 3680 is open

Pl d commul CbrOH el B EhaB Ben SR 351 T HEbihatng on whi oh val ve
nmenber 70, RGdcavapen.
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Thus, the fluid pressure in neutral chanber 23 will typically be the sanme
as the fluid pressure of the chanber 21, 22 that is in fluid comrunication
wi t h neutwel2omedier 23. The fluid pressure w thin eachPcharsb@r/ 028746 22 i s
controlled via ports 26, 27. [0039] Wen the sumof the axial forces
applied to val ve nenber 80 by biasing nenber 87 and fluid pressure within
chanber 22 are greater than the sumof the axial forces applied to valve
menber 70 byoid] Wi BHESSS %xﬂéll% Wlﬂﬁlrpﬁtﬁﬁf?@rzo% n?d vhRe rﬁérﬂlbéi‘s o, &gysur e
applied to val ve nenber l'uid presSure w thin annulus 44, val ve
menber 80 wintd ande:mpﬁsaahng h@agbmsmdvmbmatmg)sﬁaasr% ¢4 regpentevebe (. e70 will

remain in the o positio e chanbers 21, 23 w |l remain in
fFurd commRESi Br oo Ean B e S8aT oGBS VAINE FRTEDEED Al oati on w t h
chamber s 2 1 odBaxiliRYRive td‘ﬂ&f&lﬁg‘”ﬁ) a%'ﬁg @Iﬂ’l%t}éﬁl ﬁ%'l@ba&@ﬁlﬁﬁ%teﬁpm ied to valve
menber 80 by biasing nmenber 87 and fluid pressure wthin chanber 22 are

| ess t han thwes asumablengthesualx itak when vase appibeed0 tsan vl alesedwobieon 70 by fl ui d

ressure wthj.n.chamber d the flui r.es ure lied tq val ve nenber
B0 oyt T ul el bR e AR S TR SarS el v e £ ron 1 o
t he open pOé“ﬁa&écPﬂi‘orﬁ@E‘at‘B%'(F uf@ﬂb%d %Qeﬂ"&/z{l{/e fn@ﬁfB@l‘ #0 R0 HR ddeqc! osed

position. As a result, chammbers 22, 23 wll be in fluid conmunication, and
chanber 21 msitionrseah@y enpagingi sdatGénmalne netibon8stih tehaebeositio?, 23. Val ves

70, 80 w |l nsition back o t he and cl.osed posi.tions, respectively,
when the: s Srisd R e ab et AP i’ Boed BRUEERBUREE by brbeing.
nmenber 87 %@wééﬂmﬁn%e@ums%&ﬂu@deﬁ@m ev@r%ec%ﬁs&[ gab&tvethanyvé he Sum of

the axial forces applied fo valve nenber 70 by fluid pressure withi
chanber 21 mmghbeid) afﬂdwﬁat%ﬂsslmommmmm]@d beoveealchemhenBér238i0 by f1 ui d

pressure wthin ul us_44. . The force by, bi gsi menber 87
P or edet or A AMEEE i 1o Bhrcnnu il SpARBIecE bt AT 26T o
pressure d'ﬁe@tﬁ&féﬁtah@ﬁorﬁl% éﬁ@dﬂb%@a@@'bét\x%énvg@e mealbee 70BAP G390, 80 may be
transitioned between the open and cl osed positions. [0040] Valve 10 is
particul ar idiedicgmetinarados betwedn tlangsms 22123tihperfdited dfigyre 65 dushionkld f | ui d
(e.g., pressurized h aullcflwd gﬁ)gtotra sition orafctuateadewce
or conponent® PRI (?Iﬁﬁﬁwﬁrm%ggﬁ Yo (I)&S)Opﬁgt Bihe QBT Fer ent posi ti ons

(e.g., openpaRdeCt(P8B%k RO érﬁirﬁrthéloﬁé’t&ﬂl é‘lﬁ‘ﬂnﬂb?b@%ﬁchuuﬁ bérﬁhmﬁféﬁl tion and
second posi tion, etc.). In such applications, valve 10 offers the potenti al
to nore effi@ieth blyamlnarlmzaeCBamldefdlemrdlnpg@swmce valvd menaer&0r &) i ance on
hydraul i ¢ accunmul ators as conpared to conventional hydraulically actuated
devi ces. [06&Pf" Referring now to Figure 8, an enbodi nent of an offshore
system 100 [og3719vd1ld mBgbaNgh i@rb%b'&t&tﬂe 21048l phich eh%&glhg s@eﬁ‘QWBy aln this
enbodi nent, system 100 includes an of fshore vessel "or platform 105 at the
sea surf acebiaOee mathbar $TbswEB Pasiady keaese vhlvy nEIlﬂ)enBOﬁnféUOusmg\ZQNel | head
140 at the ea flloor mg) zd:l atform 105 .i.s e UIEﬁ) ed w derrick 106 that
supports a BF%YaYEhB]F Fo(hs 10 S qps Psition PRFT %V‘?fnf 15d¥{¥nds from

pl at f or m 10g04e@ p%gﬁoﬁttﬁﬁéfngaﬁéﬁl%@ﬂw é&?als@béﬁéscili@éd 559151% valgé 1 1ing fluid or
mud to platform 105 during drilling operations. Casing 107 extends from

wel | head 14@einhero/ Gobheppearsarnioneln| this egabodiment, biasing member 87 is a coil

spring. Biasing member 87 is seated in recess 82 of valve member 80 to restrict
and/or prevent biasing member 87 from moving radially within chamber 22.
[0038] Referring still to Figures 5 and 6, the axial positions of stem 50 and valve
members 70, 80 depends on the combined effects of the biasing force applied by
biasing member 87 and the fluid pressures within chambers 21, 22. As
previously described, one valve member 70, 80 is open when the other valve
member 70, 80 is closed, and neutral chamber 23 is in fluid communication with

chamber 21 or chamber 22 depending on which valve member 70, 80 is open.
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[ 0042] Downhol e operations are carried out by a tubular string 108 (e.g.,
drillstring, production tubing string, coiled tubing, etc.) that is

support edwbyotbenpii6k 106 and extends from pl atform 105 Prhrasgéi2nizes 104,
t hrough the BOP-stack assenbly 110, and into the wellbore 101. A downhol e
tool 109 is connected to the |ower end of tubular string 108. In general,

downhol e tool 109 may conprise any suitable downhole tool (s) for drilling,
conpl eting, Tl%iéa{h\z'%fu'ld‘ﬁpesé%&e RrRdu&l dddmpel i@&ﬂﬁtyﬂaﬁ%ﬂly Bé kHéC&'aHﬁ’as et hout
limtation, drill bits, packers, testing equiphent, perforating guns, and

the like. Eﬂmdrpgesslluwmﬁdie@hembcmlll @a$hat$stmlﬂmgi acﬁﬁmualnamrnwith hegratoupl ed
thereto, ma ve 'aI radlall ti rel ve to riser 104
and BOP st SRTDECRR Fisbprer iy Hinaeh FEPek ol $oeP AL & and o, BoP

stack assenil.y 236197' s mounted to wellhead 140 and is designed and
configured to control and seal wel I bore 101, thereby containing the
hydr ocar bon[0039)i Whert the seinrnf tlhammzﬂifercemmﬂhiedm\t/alveswrr@maw(bﬁb@mgI y 110

conprises an LIVRP 12 n 0. ,BOP stack. 13 nted to
Sel T head 14D T AT BbsirG S echafies RES BEre ith B SBEP! Siack 130 and
the | ower enghqbrckd §flied @vall@nkRber BIRRHLREREssuleNRitlGR BRARBdrONSInBet ween
wel | head 140, BOP stack 130, and LMRP 120 conprise nechani cal well head-type

connect i onsth¢ 80id pmssgmmpabd tmmhvaemembc@mlﬁ,oﬂmdypmswpmﬂm amplsui t abl e

rel easabl e | | head- t hani.cal tion suc th 4(r) profile
Gubsen syst EhalE Ml 80 PEARuE e hRE oSRor i myaBeti Gl « e D
profile subgfpremist ﬁ%@&ﬁén‘;ﬁﬁ tfnf AQH‘r&ﬁIfeé}fa&bleﬂtﬁr DRt RGhaifeRf POr ati on of
Houst on, Texas. Typically, such hydraulically actuated, mechani cal

wel | head- ty@adcomnnmnqaun& ahe chambadnediticohe nuﬁm)i commpnncsaaoawulnpwar d-f aci ng

mal e connector .0 t i s recejved by and. easab

downwar d- f a8PHYE Wsé]r 26 %‘ﬁ’ﬁ‘i é%}éﬁ’i‘ﬁb‘%f%?o Pleraékaig‘{“é?ﬂaé’ %/(b ef err| ng
still to Figemgsr & B 6ladng HVRRel 8P ak PRk g?t%%m@ \%ﬂﬁﬁ&haﬁﬂl&% opabdibssl21, a
riser adapter 122, and an annul ar BOP 12 | ow bore 125 extends through

LMRP 120 f ribam the§am dfale atialthecesippaicdemaaloé nmcnier 1Q0y floidcassent i on 150 at

the | ower end .of 20.. Ri ser, adapter u m fl ex joint
121 and is WHBUI E # dltg%\ﬁ}ndéﬁféfs %ftol"@il"evﬁl‘flﬂb‘gvgﬁlbé’ndg‘agj oi nt. Flex
joint 121 %rle%‘d@e \R/itﬁﬁranﬁ‘ﬂ%h@rvaﬂ\%%né}ﬁger%'os\ﬁﬂ tﬂa@é‘m@f?%“@l@toﬁéh f)&“i‘tﬁ&f 0to
deflect angularly relative to LMRP 120 while hydrocarbon fluids flow from

wel | bore 1Oamdwait\mjg¢m8m09méldmn&$®em®ﬂ1¢ C1cﬂsed pmltnorr irserred0y chambdrar BOP 123
conpri ses hanlcally

nul.ar .el.ast oneri c seall t t
cqubesed ot PP RRIE PR SRR e R Rl wblhi b e BRELgh. LvRe 120
(e.g., Str'&ﬁlnrﬂiﬁ’ﬁcatﬁﬁ%lﬂgehﬂﬂeﬂﬁ RS, V&i”véé 10, %9|Villﬁrtran§1h€n badkitosigal off bore
125. Thus, annular BOP 123 has the ability to seal on a variety of pipe

si zes and se®h aofltldsed positkBmswiespechieely wblidnahe swm ok therrdtiah dorcéseapptied ough.
[0045] BOP stak130c i.ses a raldt f.,axi ally-stacked r BOPs 131.
A'mai h bor 013 ¢t EaS TR SOt BREPST AR Pt WP TINTEE! Hhe upper
end of stacie L3k ehaehd SipRds %%Xlalﬁﬁ%&sra%gh% vhBk thélabdtdsyapai r of
opposed rans and a pair of actuator assenblies 200 that actuate and drive
t he mat chi ngressareswishio ca@mb@rt?clrandstb@ﬂ@ﬁ;pf@@@re@ppmdoﬂoyat\hen@n@rt%on of one of
ﬁ gﬁq Bgz,; of OHE 8%%95315r%r\r)&151thm annu uss44e %g glasmg torce apphed%y 12:1Ls:13r(1)g I ncludes three

member 87 is predetermined and generally constant, and thus, by varying the

fluid pressure differential between chambers 21, 22, valve members 70, 80 may

be transitioned between the open and closed positions.

[0040] Valve 10 is particular designed and suited to control the flow of

pressurized fluid (e.g., pressurized hydraulic fluid) used to transition or actuate a

device or component (e.g., BOP rams or wedgelocks) between two different

positions (e.g., open and closed positions, locked and unlocked, first position and
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131: (1) an upper-ram BOP 131 incl udi ng opposed blind shear rans or bl ades
131a for severing tubular string 108 and sealing off wellbore 101 from
riser 104awQanixzwadiong of f wel | bore 101 when no string oPCTisadian4iné ends

t hrough bore 133); (2) one internedi ate-ram BOP 131 i ncl udi ng opposed blind
shear rans 131a for severing tubular string 108 and sealing off wellb ore
101 fromriser 104 (or sealing off wellbore 101 when no string or tubular

extends thiouahAE, d83) In aBdafpica@ilR, L AvEl0 6@&1‘3@93 otdtial Rehydi ng opposed
pi pe ranms 131c for engaging string 108 and sealing th e annul us ar ound

tubul ar st réffigiea®Butilic48¢d Opplgsedureams rdBa relmnes en hydratled in cavities

that intersect in bore 133 and support t hey nove into and
out of mai n® CﬁB‘ingP ajo§3as gorpparedio CSPV‘?'EWEaIfQ’fEF‘WEEgﬂfysac&&?tt‘ﬁg‘feé(&fseénd transitioned

bet ween an @@431'} m&hhg%w%@lg’hr&hoa%eéinméﬁt% aRBFSIRGHE @?d%}ﬂ(it)@%raﬁ uat or
assenbl i es In the open positions, rans 13la, ¢ are radially w thdrawn

from mai n bdrlengd 381 pradwengn wellhotehd1ad gwma. itmtknstembml,lmmanwsmb()o c are

radi al |y advanced | mai n bor se off. and. s |n bore 133
B SR S o B S R R b R N S e
Mai n bore 1§@Pls$acﬂ"<%§&'n%1§/ Yl@hiogﬂt%ﬁl M W 11hd AW 400K the k@R 186r 10YRP 120 and is
in fluid comunication with flow bore 125 when rams 13la, c are open.

[0047] As pPletforouslyiscgsppedwah aidertdk Koshdsodppatsta, haBOPnastshokn)L 20 i ncl udes

three sets 0o ram OPs. (t set f bli e set of
pi pe rans 1@& ér Nﬁr‘?"@ﬁ% OBHIY r%ﬂfsato l{(ﬁ]g‘s[%éfﬁ%s?lﬁglﬂ'la , stack
130) may 'leisb'ldﬁ)éﬂﬂeer% mtlmglfm}%ﬁmﬁﬁ td ﬁl%ﬁ"orrﬂ'lf)ﬁ QuERS dfidRgs of ram; an
annul ar BOP (e.g., annular BOP 123 or conbi nati ons thereof. Further

al t hough LMRRratdsi Sassiliy eaimjlddégmwbl@ttadé@mtbamtagamwemﬂh@mar BOP 123,
in other e diments, the LMRP (e.g., LMRP 120) may include a different
nunber of annular BOPs (e.g., two sets of annular BOPs 123). Mbreover,

al t hough BGgost) asdi e at%s%f‘eﬂ%hﬁé’cﬁb&%y%&ulﬁﬂéis@i‘fﬂ‘gﬁo g it contains a
plurality of ramBOPs 131 in this enbodi nent, in other errbodl ments, BOP

stack 130 ndylstnmg, pmgiugtmrytubmg StrEng, Bﬁi%dmmng[db@)a&l]at Refipparieddynow t o Fi gures

hown.  er ok 104 B xe@RRBRy Hotrme Pl Bieneint T DHpwd o Bl ary 1 am

131a of a pﬁé&kﬂ%r@@?@%@danﬂﬁﬁé el ¥RRe 1he &H@\ﬂnl?cﬂéitdbh pged positions. More
specifically, in Figure 10, actuator assenbly 200 is shown transitioning

ram 131a fromedied tmhenlqymwndohtubahir string 1@Bt1hcgea@ml fdowmhotgitpold®Pe 133 to

t he cl osed position radiall dva ced in bor e 33 and in Figure 11,
et uat o asDanErpS R S A ARRE oo v Bne e ptetite k

evaluating, or producing wellbore 101 including, without limitation, drill bits,
packers, testing equipment, perforating guns, and the like. During downhole
operations, string 108, and tool 109 coupled thereto, may move axially, radially,
or rotationally relative to riser 104 and BOP stack assembly 110.

[0043] Referring now to Figures 8 and 9, BOP stack assembly 110 is mounted to
wellhead 140 and is designed and configured to control and seal wellbore 101,
thereby containing the hydrocarbon fluids therein. In this embodiment, BOP
stack assembly 110 comprises an LMRP 120 and a BOP stack 130. BOP stack
130 is mounted to wellhead 140, and LMRP 120 is secured to the upper end of
BOP stack 130 and the lower end of riser 104. In this embodiment, the
connections between wellhead 140, BOP stack 130, and LMRP 120 comprise
mechanical wellhead-type connections 150. In general, connections 150 may

comprise any suitable releasable wellhead-type mechanical connection such as
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fromthe closed position radially advanced into main bore 133 to the open
position radially withdrawn frommain bore 133. Al though actuator assenbly
200 i s shwonotym@mpaibt i oni ng an exenpl ary shear ram 131a, PCh/USe0R0a3746
actuat or assenbly 200 may be enployed to actuate any type of ram(e.g.,
shear blind ram 131a, pipe ram 131c, etc.) or any type of device between
two different positions. For exanple, actuator assenbly 200 shown in

Figures 10 dadidd drsrieWRbRY eohh LikiRdRITGh V@Gl diouddte shown in

Figure 9. [0049] I'n this enbodi ment, actuator assembly 200 I ncludes a
pi st on- cyl i hekas amtﬂmrﬂ)Wﬁmemwbvai syeteﬂrﬂav;arléﬂe trosi Qaldwoﬂntbma

Pi st on-cyl i nder _assenb ude usi ng,or c nder 0 and a
pi st on 2)?(0 %CPI}aLPH %at]d’P)éﬁgéélatopn sl;VcPéCra Yopich Byflra %‘@hlyé‘ﬁw AYs a central

axis 225, %EéHaﬁIcaﬁ@é‘lH%%@@y&'c%hﬁécu%ﬁ&fbé)oé&mé@tﬁms @5@%%&9@99 220b opposite
end 220a and proxi mal main 'bore 133, and an inner chanber or cavity 221

ext endi ng aupveﬂrdyadm@ n&a@moemixorzzmab thot 19 macaid dsbyeartslodieasbty, ergagesnnul ar
221 into a first or increased dianeter

pl anar shoul er ﬁfd i des cavit
Do P B2 e M Zang et p S EReloD 5B RehdR oL er 905 and 4 cecond
or reduced @D@ﬂ%&émﬁggﬁﬂ WFgaﬂe@ 8%%1@”11!\/[@ X4 @éﬁlﬁné‘ers%rﬁs%f‘ﬁe}gﬁgﬁ to

shoul der st section 22l1a of cavity 221 has a uniformradi us R221a,
and second Bdcnirper Rpier d22 cendianyanp@lar BEY B3umi flow horeatlsuextdRi21b t hat is

| ess than radi 0050. 230 i s coax] i sposed within

cyl i nder @%@ﬁé@@ %ﬁé%ﬁ‘%@lﬁé@ﬁﬁfﬁw ﬁZ(flj@S and a second end
230b ODDOS'&%n@&Q)nZ%t@f@loWePéﬁd@f LR R0 R8set 3dapté DNixge@gbodi ment,  an
annul ar pl anar shoul der 232 divides piston 230 |nto a first or increased

di anet er seavwad fmﬂeiegmmnkﬂlrﬁgldaxcmplqd tfortber cevt em@arl‘s@“ 1§|4owltfder 232 and a

d d te tian 23 d 230b
o shoul der 1983 10R] A0t GULaPBAT A G AIBNEE b7 De0 el LCIRRGH m v adi us

R231a, and ggead cﬁ:ﬁ@ét'aﬁ@ul%ﬁy Hlatﬁfe tB'LMI@P 1@@91hﬂ€%y@ro@£l‘b51@ﬂ[ﬁdr s R231b
that is | ess than radius . dition, radidus 3la is substantially

t he sane orfrghivghibbye ]Ckls:brqughﬂﬁ(}famaksasmﬂﬂa11&nd0nhelsl04fAn1$ulalsect| on 23la
of piston sl ,di ngly engages cylinder 220 wi.thin rstsct n 221a of
cavlty. 201 BaRd 20 SafheeoRt Bt B Slhsloienic, Gkye e Qb S bRy T oo

than radi usyy @ﬁaé&ed 8 i Swar S RCRACLS £ &ibu R egt'énhllﬂnglﬁroﬁgl§LMR12:ﬁ@OS| i dingly

engages cylin 220 w tthin second section cavity 221. It should be
appr eci at edetghattringathd sareg Iailipspeg deticelart ban aracdlwsf lRZQlBﬁ Bnd, t hus, first

section 231a o 30, dogs.. not f t within second se 21b of
cavi ty 221 AR ot Ry G DLORBSES! 1 LY oh e ar 06 FEbeT. and t hus.
second sectu,&g 1g§megfnogﬁ1§ﬂgqs 3,31%@1@9 tﬁérgthygutgﬁl n first section 221a of
cavity 221 but does not slidingly engage cylinder 220 within first section
221a. [0045] BOP stack 130 comprises a plurality of axially-stacked ram BOPs 131. A

main bore 133 extends through BOP stack 130 from LMRP 120 at the upper

end of stack 130 to wellhead 140. Each ram BOP 131 includes a pair of opposed

rams and a pair of actuator assemblies 200 that actuate and drive the matching

rams—one actuator assembly 200 controls the position of one of the pair of

opposed rams. In this embodiment, BOP stack 130 includes three ram BOPs

131: (1) an upper-ram BOP 131 including opposed blind shear rams or blades

131a for severing tubular string 108 and sealing off wellbore 101 from riser

104 (or sealing off wellbore 101 when no string or tubular extends through

bore 133); (2) one intermediate-ram BOP 131 including opposed blind shear

rams 131a for severing tubular string 108 and sealing off wellbore 101 from

riser 104 (or sealing off wellbore 101 when no string or tubular extends
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[ 0051] Referring still to Figures 10 and 11, piston 230 divides cavity 221
of cylinder 220 into three volunes or chanbers: (1) a first chanber 223

ext endi ngvexneldogeibr om end 220a to section 231la of pist®aTAB012(02y74@ second
chanmber 224 extending axially fromsection 231a of piston 230 to shoul der
222; and (3) a third chanmber 225 extending axially fromend 220b to section
231b of piston 230. Chanber 225 is an annulus radially positioned between

second_sect iashaR bt 913)Phitd O 0RO 8! iRdfking BASALa phRIber s 223,

224, 225 are sealed fromone another wthin piston-cylinder assenbly 210.
Nbr e speci fiaoml 13y¢ fonrenghgis g emrngdiOdemt, sealrfgu the inannudrannd edulaassenbly 236 i s
radially dis 8 bet ween section 231la of piston 230 and cylinder 220, and
a second anﬁﬁ (rf &eal assenbl y 237 is radially positioned between section

23 1'b of pighs) GRRs@NGAnkYIzAdelre %%Qted%@@ﬂléc%%atqaéﬁgalrMalﬁ%@re &37 includes

an annul ar gland I'n section 231a, 231b, respectively, of piston 230 and an
annul ar - seaindrsspbat ragissiddsedas the3gtnamd 1@@6@4 o7 main bepddBi Nashyset Each seal

mber f t t . t di | and
and . dynamidaBd sy hass Basotonea gl da R SRAAly 2360

restricts Oélo&rd?(ﬁﬁhfoﬁ byl déb s SRR cERkdORsRes B D0 Chanbep& 223, 224, and
seal assenbly 2 restricts or prevents fluid conmunication between

chanber s 22ggsitkds, rapB053}, cAwe wididllybwithdmemifhed niann hored 3deHaivevdrel ow, ram
131la is transjtioned to.the clo osSi t |ncreaS|n t he uid

S easure | anips U bdeidn e a7 a IR Hdi A e B RAE s 18 Chanber s

224, 225, %C&lés@r@ffiﬁﬂdasehﬁmhmad?ﬁé tlBS)('éezg fa%hstl@aP&etﬂe RASHILS ABukY | nCcreasing

the fluid pressure in third chanb relative to the fluid pressure in
chanbers 228pul2l4ringH08 (e.£i, 1 3tc)cMambleore 223 ismmgxiallg aligredvaflefioed to as the

I h 25 |.s0. be | d th
chanber . Fulehdrs Ot MRF LALARER 587 SmE P RGBSl nect s o
chanber 23 gfhvahyg ddopdd My also be referred to as a neutral chanber. A

first port 223a extends t hrough cylinder 220 and is in fluid comunication
wi t h cl ose @4ty pr22®ysls desxrthad. ipahis eRhddingsat BQE Staakdﬁgmnah}dasnder 220 and

o U SoSSILCaL BB SRR, 2R4 and B L ool 2200, oxt s
rams 131c). However, in other embodiments, the BOP stack (e.g., stack 130)
may include different numbers of rams, different types of rams, an annular
BOP (e.g., annular BOP 123), or combinations thereof. Further, although
LMRP 120 is shown and described as including one annular BOP 123, in other
embodiments, the LMRP (e.g., LMRP 120) may include a different number of
annular BOPs (e.g., two sets of annular BOPs 123). Moreover, although BOP
stack 130 may be referred to as a stack since it contains a plurality of ram
BOPs 131 in this embodiment, in other embodiments, BOP stack 130 may
include only one ram BOP 131.

[0048] Referring now to Figures 10 and 11, one actuator assembly 200 of one
BOP ram 131 of Figure 9 is shown. Here, actuator assembly 200 is shown
transitioning an exemplary ram 131a of a pair of opposed rams between the
open and closed positions. More specifically, in Figure 10, actuator assembly
200 is shown transitioning ram 131a from the open position radially withdrawn
from main bore 133 to the closed position radially advanced into main bore

133; and in Figure 11, actuator assembly 200 is shown transitioning ram 131a
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[ 0054] Second end 230b of piston 230 is coupled to ram 131la with an

el ongate connecting rod 240 that extends axially through end 220b of

cyl i nder @QQo13ymooqarti cul ar, rod 240 slidingly engages &cCrhrseughlgtne 226 in
end 220b of cylinder 220. Ram 131a is fixed to one end of rod 240 and
second section 231b of piston 230 is fixed to the opposite end of rod 240.
Thus, rod 240 and ram 131a do not nove rotationally or translationally
relative toﬁ&hstﬁ@&ogépposﬁﬂfﬂ ﬂa@i%ll%%&@aﬂ@&’ B0 AiPhbr¥ 1@'3%'91e%ﬂeﬁ pi ston 230.
[ 0055] An annul ar-seal assenbly 227 1s radially disposed between rod 240
and cyl i ndeposii raflioHg withdoawghirborwaia2ere E&alAldpsghbitpa@p Issemblyudes an
annul ar rec;;@)s. OEI ‘?I and .and an annul ar seal rreggl%r. di splfo?ied in the gl and.
The seal nenbes SROYALADSILPLRE An SXPPIEY, fhepl japh uld. Bogenshd Ui {Nani ¢ seal
wi th rod 248 A6500@IRY o efifBye PRSQARMY ar%ztgfpé 8B Fdnh gé% HeaPbB¥ENLS fluid
fl ow t hrough boré 226 between fod 240 and ‘cylinder 220. [0056] Referring
still to FimorkdlalpipamanlBlc.ztd.) psanyftype df ddwiaubetweSowindifasas a fl ui d

| y/ exh t. 1 251 | ed t 3 d t 2 T , fluid |l
Rk T L RN T e
pi ston- cyl i oy apafiTthoh S48 ik POt 1373moddngigroer 21 of valve 10 via

port 26. Simlarly, a second fluid circuit 260 includes a fluid
suppl y/ exhal@#849]111h tias 281bodionepk, et tuator pesemt 380 avdthdes atpidn-cilmdsy f | ui d

suppl y/ exhaust ]| 261 is in fluid, cqonmuni .ion w.th cha r 5 of

o oron. oyl | aerblyad oty Beg s ipby d55ehe gt BRaiute 352 41 Ge 20 via
port 27. Stinblugbdi h&&ing & dyliubé 120n8d4/ stBﬁ%Q@ﬁdiﬁQ@ AQURLEMH tO port 224a
and the opposite end coupled to port 28. Thus, flurd Iine 270 is in fluid
comuni cat i @hindert 220; hyhbder 220haeh cpitsal amiscA2l5i adiest cad ddbiigtaPi@invi a port
224a and chanb 23 of valy O via port.28. ILn general, fluid, (e.g.,
nydraat o 107 dy st Subpitbarbed s set S Re et D01 2223

si mul t aneoug]dyanVihAerd dhaibef bida@itg R0 E Bk fendin@ axANY vhlwicd <XBY 28, pupp! i ed to or
taken from chanbers 22, 225 sinultaneously via second fluid circuit 260.
Fluid |ine ipGemshadpingntahn envaildr plarchr sloul el 2B et videscayktaBénsto23jrse24. [ 0057]
Referring now to Fi %ﬁre 10, to %ve ram.131a1 a&i al | 2y'tzlr('B\/var%r ative to
bor e 133 (1 OdncrepEd i metEhiecton 12hten g pEadibo BTl DR ShyidEe L | zed
fluid represenifct Q¥ofd 6ONBu&BUiABRe@r secRbEIS W bxerbiRy gkt konf ddd d) 1S

si mul t aneously supplied to cl ose chanber 21 of valve 10 and cl ose chanber
223 of pi stBWbaylshodder 228s Bkl sgct@a02 3 liazof cavisyt 221 basch wiifagoi adiz50. | n

i tabl & SoteooiErat 51002 HOORAV o L AR DA MEOBLH Y ke X

accunul at or geg thin tddi& @podi nent, pressurized fluid 280 is supplied to
circuit 250 by one or nore subsea hydraulic fluid accurmul ators connected to
line 251 or[0p5WMistes 280 isi@Bxially dmpesas withiney hypdhr230iand hane §irgxtnéndi ng

subsea to |l ipe 251. Pressurjized fluid 280.1in chanmber of piston-cylinder
rssebl y 218 BalAniih D5 LEFHid ossih b GIPNES tad Zagneler i on 290
through cyl hiadekal 2400 6bR 13Reld S UmbdlimkbAUAE adfar J1ihAAHb1QM32Pr essur i zed

fluid 280 in chanber 21 of valve 10 transitions valve nenber 70 fromthe
bi ased opendipsies pistm 130 ke Bisdseucrrasid diameter kestiohy?31a extsndingni ng val ve

mber 80 f the bi | ition to th ition. Prior t
Footng.val VOThLASRRFaSn ) SRR e%S MR -Hnbar BRI 0 var b 10
i's in flui dseeapmrmwaldRiingvhtiflg emaid B9b\h shakdid 9. Bistapdidaor es 33, and

chanber 23 of valve 10 is in fluid comunication with chanber 224 of
pi st on- cyl i Zerof psemdd O/haiounifoam| radias RzQ,, aléhsecontlsectfdnddbmfessure in

chanber 224 .is tantially the sa s the. flui essyre, i.n chanber 223,
and resi st splftﬁgszggi?lﬁi; aHB@%ﬁ%Fﬁdubsf %{lg?agﬁs %I%?)thf‘ﬂf?fﬁb‘ﬁ#@w Tt i i st
axi al direchigRR RRY0is dubghediiymssam bea dhvy 180G kh3araBius RN, 238 tmddovever ,
once val ve menber 70 is cl oséd and val vé nenber 80 is open, piston 230 is

no | onger hiyust sagtipe 3B 1 g/0f metked38ishdieglyreaghesssyhgder224 veittan fiostl onger in

fluid conmuni cat i ith fijrst flui.d gircuit, 250. and chanber .21: instead,
chanber o 25e69h 220 da%y op B apgutiis B Srtvotimi-BR dbeos SR04 Ve 10 vi a
bores 43 andsan kdisusid,, ANshdCihii§ WbdondGRctYdrP2 PO df pisfon ZB0ISlidiASlyPi ston 230 is
noved axially in first direction 290 by fluid pressure within chanber 223,
fluid in chanbers 224, 225 represented by arrows 281 (e.g., hydraulic
fluid) is exhausted into circuit 260, where it may be vented or recycl ed.
In particular, fluid in open chanber 295 flows into circuit 260, fluid in
chanber 224 flows into chanber 23 of valve 10, fluid in chanber 23 flows
into open chanber 22 of valve 10, and fluid in chanber 22 flows into
circuit 260. As piston 230 continues to be pushed in the first axial
direction 290, shear ram 131la noves radially into main bore 133 and

e e b o )



[0058] Referring nowto Figure 11, to radially withdraw ram 131a from bore
133 (i.e., transition ram 131a to the open position), close chanber 21 of
val ve 10 woaoioms@échanber 223 of piston-cylinder assenmpCy/ud2@2an4vent ed
via first fluid circuit 250, thereby allow ng biasing nenber 87 to bias

val ve nenber 80 to the closed position and val ve nenber 70 to the open
position. Thus, chanbers 23, 224 are in fluid comunication wth chanber 21
of valve 10y ages%ﬁlﬁaeﬁﬁzmﬁhlﬁ@%nﬁ%e%mdefrc%wt;t 22604 MRl t 26, and
chanmber 22 is Tsol'ated from chanbers 23, 224. Next’, pressurized fluid 280
(e.g., preszguréczaed tiyadraalwsdtzsf Iwgndatter thasiradilit Bpeoasd thus Ujppt seetion 0 open

Vi a Suppl y/ SAdRet ) a8 Sies TOF e Ry erorikelon P BB ety 355y oo

suppl i ed tofu?ﬂhéﬁﬁié&mszﬁ%} lee%ﬁ‘ﬂqa%‘%h&lﬁpk%las,‘aﬂd %s'é@:@&&kﬂéé&ﬁon%fﬂ‘@ﬂt
limtation, a punp or accurul at of's. In this enbodi nent, pressuri zed

fluid 280 ipswoppglicenfit wnd:urrmst sec260 2BVa onavay 28bbet écndsmaslmlnlglaul ic fluid
accunul ators con cted % [hne 261 ar Eé mvessel 105 via one or nore
2w

hydraul i c |18 A PSSt $56UPR Ael®e1. [0059] As piston 230 is noved
axially i nﬂ@@§ﬂ%f&'r1’h§%hll%‘F?g%%esb]}O dddui 1d pREGSSW @vited BAyiycrandrer 225, fluid
281 in chanber 223 is exhausted into CIrCUIt 250, fluid i'n chanber 23 is
pul | ed i nt ocydinderb2}0 12RAthrdel wolwngénorodthambers: 21) w@smhatréﬁr 221 exteindinper 23, and
fluid in circ 250 i ulled.in chanber . ~The vol u uid 281 in
Chanber 255 IS GR¢a g 0 I esHoB 80 4 4 rEhear: eRAseshe Porlia i 1 i a 281
pul | ed i nt oeghiesxi & oS et Qo @ﬁlaﬁff‘iﬁﬁ@&%@fo d@foﬁfd@f‘zﬁcahli%‘) £31b.
extendi ng through chanber 224 and occupying vol ume therein. Accordingly,
more flui d @84 chembahiZibstxéghding axidiy camtend5A0b hasectisn Balh etpiktoom ci rcui t

250 into 1., The net exces | ui d. 281 exhausted into circuit 250
may be. vent S GHoPEE, A L6 DranFi g au PO P RS S GRS o be
pushed in tHepsgeich 230 ad diin@et 2N 291, shear ram 13la is radially
wi thdrawn from nain bore 133 and transitions to the open position. In the

manner descﬁODi)’Hdlhaam@ts 5 2ok 3D que w@drﬁrqrewnh;adotaaﬂ wohifnlpstdnt o circuit 250

transitions shear ra the ed p Sitio Ssur i |ng cl ose
chanber s 21Cﬁ1?§§r asé‘?'}g%lﬁg%ﬁl ‘?fﬁ‘?c ﬁ?“e%‘sf e?]é’(?gﬁ@%‘rtaalf HSEYAY to circuit
260 transi téegp%séh@grza%qm&d%ah@ di%dsB& bORRBn BRSIohI28Ma Byplﬁfo%%@rdna' ng open
chanbers 22, 22 I n géneral, opening a ram of ram BOP (e.g.,
shear ram 1@&1@1)1%%&11@3 sd:cemd aawilat seraba&semb]yazﬁals whadgf pdseianach due to the
pressure of fluids rratl f|UId t mai.n bor t he BOP

B ook (o. o beuihroptipi 2 yo0rgee 3D eng KVirkthy 2dntien o St Posu 1y ot
necessary tmyapphded ftarfRAlR gfleﬁdeiﬁ sé&uﬁl%lﬁ'%l@nrefsﬁe%@l@ Bf“]{ﬁstroﬁ%@_s 'S
applied to close the ram Fdrther, it is typically desirable to mninze

t he vol une afd aplrmlaﬁszzédndnylahralmosedﬂmglahdrwal ¥, te@pmblefnlyaﬁdcfcl ose a ram

5. SUPE M85 S e S BT R AR S & rom e

contain a fijuid @mnfc Eédﬂﬂlﬁ%yﬁﬁhmmkc@é@ﬁ@w 'séeﬁ%si&‘rﬂﬂ?g% Fesfrid{'é d (between
charges). [0061]" Conventional ram actuators utilize the sanme vol une of

pressur i zedothyeyentd flwdfcomnaunientipotbatvegearchambers|2dse23end sgnl  and
bstantially t f bot h I t.h
st e S SRR el S i DB R R R RF R E2L

hydraul i c ppwer-nore axial force and hydraulic fluid volune are used to

open the ramthat is necessary. To the contrary, enbodinments of actuator
assenbl i es [@88drAdved! b@d@pnbe(demgnoreaietalﬂdlemwagmelrﬁilays pop)tigletlde t he

potential t re,efflciently utiljz ydraul i.c r

P essur | zed R TPELPTRLIST B incliahiaadhé FudeRtish RS Ehmdl SRR ar . ¢ he
vol une of ptfoﬁtﬁ§Hﬁidzﬁésshyedlh%%hﬂnﬁeﬁs|212k1d2159%<!1 26 18 P RRRAsiEBMRABYBe | S | ess
than the volume of hydraulic fluid required to close ram 131a, and further,

and t he axi @penfmsrt@ndowpmre@smg)thp|fhm<bpr628@e tothodeohamben WIuslatise less than t he
axial force,appljed to ton 2 t e ram,23 is . the case
acause r adthe MR Gsls B ol Dt Sof MRS SRR By 311 oo (e

vol ume of presfldrtbaeéhe close chamber, and third chamber 225 may also be referred to
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hydraulic fluid required to nove piston 230 a given axial distance in
direction 291 to open ram 13la is less than the volune of pressurized

hydr aul i cwbl2oisdhos@qui red to nove piston 230 the sanme axipall/useeRamizas i n
direction 290 to close ram 131la. By decreasing the volume of pressurized
hydraulic fluid to open ram 131a, the demands placed on the pressurized
hydraulic fluid supplied fromthe surface and/or by subsea accunul ators to

open ram 135!5%&% &EEdNeRAr. Fibef, %ﬁié@fch&ﬁbérrkzmﬁ1r¥fh'u%1%nf?ﬁurﬁ&a%§>ﬁur' zed
hydraul i c ?o open ram 13%Ta is equal to the volune of chanber 224.

[ 0062] One wfthacwtraiahymb«n 13 ofambvreeld], aitresy albabe tdferréwdnrzam newtrhl ui d i n

chanber 224 is eneraII the s 223, 225 with
which it isHap ?Lﬁ&rsé %5{“}68‘%”%{&@% gﬂ‘iﬁ@p gBS ]d&?bﬁg cl osing of ram
131a and ch@mﬁﬁmag@ondwmeg)s@e%w 208, m&ﬂ%eﬁ 22h£‘e>¥t@1‘1d% BRNER. chanber
224 may be referred to as a neutral or bal ance chanber. For exanple, while

cl osing of ¢ydmddi32%4), at}drlegsﬂuudzoe)mmlydwmlnl\mth tmandDGIrQZﬁramdlaibddmortchanber
223, valve 70 clo es 224. is in fluid mruni cati on with
Che unpr essttAaPndn Ap LR S8R FRPRAT ot Bl onyinisates i Bhabenr | sec
hydraul i c flyahhet Soprovi ded to chanber 225, valve nenber 80 closes and
chanber 224 is in fluid comunication with the unpressurized chanber 223.
Thus, the pli08&Hecondt ertvly/ 2 Bouifipest 2|3(Mls|q®up1hdm®mm2214a doksnebmgneed to be

trolled | t d t. hanb 25; hyd |
Fruld T crampesthesad nap Sf SREREy Sunl) \e ErauoaDs SLalipier SR8 1 ui
suppl i ed t o,phaMhe o228 Qdifdi d§c{ oed 3 throlgibdrebrdinnaliedob e cpegi: f or

dedi cated accunul ators to provi ressurized hydraulic fluid to chanber
224, and el 224 RateB3la 1h91dcdawl o efnldunfdoctﬂm aiyesedend mtlbm%(la))f supply

hdral c fluid .Cha 224 when ra 0 an receive
nyar aul i o hition 2o i EHbRR O e of ik 40y K Rl g et b ba w1 o
preferred edi@f’?&'M@téﬂl%ﬂ%l}béﬁt@arﬁ%%alﬁﬂﬁlﬂ%% bResh 230dhd Fsatzens t her eof
can be made by one skilled'in the art without departing fromthe scope or

t eachi ngs haped¢smxidtlyelenbedhpetes2iescri bed herein are exenpl ary only and

t Y] t i f t f th
Sbparat us. s Rt iRk RS 2 B s el Pebch il 2 Thi n ¢ e
scope of t helinQVeTG Abhg FR5HAIPDE6. JehPask@hBlyi 28 iAHINBASIORSURE Var i ous

parts, the rmaterials fromwich the various parts are made, and ot her
par anet er s reegssioe gleadiaed anAunldaldseagﬂllymbtm@smfbdeg@amitEhc Bemh i s not

[ med, 0 Lagpenied Tene 99550l RANER Mo PR SBNabRILg Y, e

subj ect mat Agfor@hglyhSedt heMbly 283 Rk#R:ts or prevents fluid flow through bore
226 between rod 240 and cylinder 220.
[0056] Referring still to Figures 10 and 11, a first fluid circuit 250 includes a
fluid supply/exhaust line 251 coupled to port 223a and port 26. Thus, fluid line
251 is in fluid communication with both close chamber 223 of piston-cylinder
assembly 210 via port 223a and chamber 21 of valve 10 via port 26. Similarly,
a second fluid circuit 260 includes a fluid supply/exhaust line 261 coupled to
port 225a and port 27. Thus, fluid supply/exhaust line 261 is in fluid
communication with chamber 225 of piston-cylinder assembly 210 via port
225a and chamber 22 of valve 10 via port 27. Still further, a fluid line 270 has
one end coupled to port 224a and the opposite end coupled to port 28. Thus,
fluid line 270 is in fluid communication with chamber 224 of piston-cylinder

assembly 210 via port 224a and chamber 23 of valve 10 via port 28. In general,
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What is claimed is: 1. A systemfor drilling a subsea wellbore, the system
I ncl udi ng a BOP including an actuator assenbly configured to actuate the
BOP, t he wotomtmeslassenbly including: a cylinder includPog/usaoniomnne cavity;
a piston slidingly disposed in the cylinder, wherein the piston divides the
i nner cavity of the cylinder into a cylinder close chanber, a cylinder open
chanber, and a cylinder neutral chanber positioned between the cylinder

open Cha”beﬂula’w ot Mea@ulié HGIFED n?a{y%esuﬁpﬁé@%ror e%hé‘tﬁ'téﬂefrérﬂ%h&&ﬁbé}@ n1a housing
i ncluding a valvé close chanber,” a valve open chanber, and a val ve neutral

chanber posii3 s:m&ahalwoualbflwa best Weahcitdug 258 ami ﬂ)lpdmlayﬁwm@phahnb arhe val ve
W th the cypreERTARaREeSanaet SrEHEhA o s narLiber 2R R ¢ "
comuni cat i @ M BmbReaions Mg o gg@rbegp@erﬁt@ﬁmb@ﬂdzgt he4 val ve neutral chanber
isin fluid connunlcatlon with the cylinder neutral chanber;

[0057] Referring now to Figure 10, to move ram 131a radially inward relative

to bore 133 (i.e., transition ram 131a to the closed position), pressurized fluid

represented by arrows 280 (e.g., pressurized hydraulic fluid) is simultaneously

supplied to close chamber 21 of valve 10 and close chamber 223 of piston-

cylinder assembly 210 via first fluid circuit 250. In general, pressurized fluid

280 may be supplied to circuit 250 by any suitable source including, without

limitation, a pump or fluid accumulators. In this embodiment, pressurized fluid

280 1s supplied to circuit 250 by one or more subsea hydraulic fluid accumula-

tors connected to line 251 or from vessel 105 via one or more hydraulic lines

extending subsea to line 251. Pressurized fluid 280 in chamber 223 of piston-

cylinder assembly 210 begins to force piston 230 in a first axial direction 290

through cylinder 220 (to the right in Figure 10). In addition, pressurized fluid

280 in chamber 21 of valve 10 transitions valve member 70 from the biased

open position to the closed position, thereby transitioning valve member 80

from the biased closed position to the open position. Prior to closing valve

member 70 and opening valve member 80, chamber 21 of valve 10 is in fluid

communication with chamber 23 via annulus 34 and bores 33, and chamber 23

of valve 10 is in fluid communication with chamber 224 of piston-cylinder

assembly 210 via line 270. Thus, the fluid pressure in chamber 224 is

substantially the same as the fluid pressure in chamber 223, and resists the

axial movement of piston 230 through cylinder 220 in first axial direction 290,

thereby hydraulically locking piston 230. However, once valve member 70 is

closed and valve member 80 is open, piston 230 is no longer hydraulically

locked since chambers 23, 224 are no longer in fluid communication with first

fluid circuit 250 and chamber 21; instead, chambers 23, 224 are in fluid

communication with chamber 22 of valve 10 via bores 43 and annulus 44 and

circuit 260 via port 27. Thus, as piston 230 is moved axially in first direction

19



a first valve nenber at |least partially disposed in the val ve cl ose chanber
and having an open position allowing fluid comunication between the val ve
cl ose chawbenizangsibhe val ve neutral chanber and a cl ose@#Cpas2an2omns746
preventing fluid comunicati on between the val ve cl ose chanber and the

val ve neutral chanber; a second valve nenber at |east partially disposed in
the val ve open chamber and having an open position allowing fluid

communi cat i ggp Wﬂﬁﬁ%ﬁ’es‘sﬁ'ﬁe \Vﬁhﬂ%h%ﬁé} ohafherin@Asnbég 29al 8 neutral chanber
and a closed position preventing flu- |d comunication between the valve

open chanberpanehtehby wabwe 28& (. g.ahydhalnbiuid) &. exhhmt@ymtcemcmﬁt 20ai m 1,
wherein the valve in '

wherei n t he" b RAt b ViR o sru bR SR BU G TR PPLPRE eohrember and a

second end GORNRLS EdcliP2ddN BuRERUNI b Y& IBFDRIto cMber 23 of valve 10,
fluid in chamber 23 flows into open chamber 22 of valve 10, and fluid in
chamber 22 flows into circuit 260. As piston 230 continues to be pushed in the
first axial direction 290, shear ram 131a moves radially into main bore 133 and
transitions to the closed position.
[0058] Referring now to Figure 11, to radially withdraw ram 131a from bore
133 (i.e., transition ram 131a to the open position), close chamber 21 of valve
10 and close chamber 223 of piston-cylinder assembly 210 are vented via first
fluid circuit 250, thereby allowing biasing member 87 to bias valve member 80
to the closed position and valve member 70 to the open position. Thus,
chambers 23, 224 are in fluid communication with chamber 21 of valve 10 via
bores 33 and annulus 34 and circuit 250 via port 26, and chamber 22 is isolated
from chambers 23, 224. Next, pressurized fluid 280 (e.g., pressurized hydraulic
fluid) is simultaneously supplied to open chamber 22 of valve 10 and open
chamber 225 of piston-cylinder assembly 210 via supply/exhaust line 261. In
general, pressurized fluid 280 may be supplied to circuit 260 by any suitable
source including, without limitation, a pump or fluid accumulators. In this
embodiment, pressurized fluid 280 is supplied to circuit 260 by one or more
subsea hydraulic fluid accumulators connected to line 261 or from vessel 105
via one or more hydraulic lines extending subsea to line 261.
[0059] As piston 230 is moved axially in second direction 291 by fluid pressure
within chamber 225, fluid 281 in chamber 223 is exhausted into circuit 250,
fluid in chamber 23 is pulled into chamber 224, fluid in chamber 21 is pulled
into chamber 23, and fluid in circuit 250 is pulled into chamber 21. The volume
of fluid 281 in chamber 223 displaced by piston 230 is greater than the volume
of fluid 281 pulled into chamber 224 due to the presence of piston section 231b
extending through chamber 224 and occupying volume therein. Accordingly,

more fluid 281 is exhausted into circuit 250 than is pulled from circuit 250 into
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a biasing nenber disposed in the val ve open chanber between the second

val ve nenber and the housing, wherein the biasing nenber is configured to

bi as t he wocomdovabve nenber to the cl osed posi- tion amrdTiuseoRionste val ve
menber to the open position. 3 The systemof claim11, wherein: the housing
includes a first valve seat and a second val ve seat; the first val ve nenber
engages the first valve seat in the closed position and is spaced from

the first valudes 8RITHe ek Qﬁ‘ce@@ﬁﬂldl%ﬁ' éx'h%btecﬁﬁi@b LiRGiSBOARSY ¥alMRedrenber
engages the second valve seat in the closed po-

or recycled via line 251. As piston 230 continues to be pushed in the second
axial direction 291, shear ram 131a is radially withdrawn from main bore 133
and transitions to the open position. In the manner described, application of
pressurized hydraulic fluid to circuit 250 transitions shear ram 131a to the
closed position by pressurizing close chambers 21, 223, and application of
pressurized hydraulic fluid to circuit 260 transitions shear ram 131a to the open
position by pressurizing open chambers 22, 225.

[0060] In general, opening a ram of a ram BOP (e.g., shear ram 131a) requires
less axial force than closing the ram due to the pressure of fluids (e.g.,
formation fluids) in the main bore of the BOP stack (e.g., main bore 133 of
BOP stack 130). Thus, it is typically not necessary to apply the same force to
the piston to open the ram as is applied to close the ram. Further, it is typically
desirable to minimize the volume of pressurized hydraulic fluid required to
open and close a ram since supplying a sufficient volume of pressurized
hydraulic fluid from the surface to actuate a ram may be challenging, and
subsea accumulators contain a finite and limited volume of pressurized
hydraulic fluid (between charges).

[0061] Conventional ram actuators utilize the same volume of pressurized
hydraulic fluid to both open and close the ram, and substantially the same axial
force to both open and close the ram. Accordingly, most conventional ram
actuators inefficiently utilize hydraulic power—more axial force and hydraulic
fluid volume are used to open the ram that is necessary. To the contrary,
embodiments of actuator assemblies described herein (e.g., actuator assembly
200) offer the potential to more efficiently utilize hydraulic power by reducing
pressurized hydraulic fluid demands to open ram 131a. In particular, the
volume of pressurized hydraulic fluid required to open ram 131a is less than
the volume of hydraulic fluid required to close ram 131a, and further, and the
axial force applied to piston 230 to open ram 131a is less than the axial force
applied to piston 230 to close ram 230. This is the case because radii R;,1p,

R,31p are less than radii Ry,p,, Ra31,, and thus, the volume of pressurized
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sition and is spaced fromthe second valve seat in the open posi- tion. 4.
The system of claim1l, wherein: the cylinder close chanber is in fluid
comuni cawpan1wiopd16t he val ve cl ose chanber, the cyli nderCmaistoialoszzh@nber,
and the val ve neutral chanber when the first valve nenber is in the open
position; and the cylinder open chanmber is in fluid communication with the
val ve open chanber, the cylinder neutral chanber, and the val ve neutral

SPaQFS{ mW?_ ﬁﬁ%&e{rﬁgﬁﬁg@ ARk Y& iR E RS 330 MoivBE 1QRPEMisRASE fl @Rctidn The system
291 to open ram 131a is less than the volume of pressurized hydraulic fluid
required to move piston 230 the same axial distance in direction 290 to close
ram 131a. By decreasing the volume of pressurized hydraulic fluid to open ram
131a, the demands placed on the pressurized hydraulic fluid supplied from the
surface and/or by subsea accumulators to open ram 131a is reduced. The
reduction in the volume of pressurized hydraulic fluid to open ram 131a is
equal to the volume of chamber 224.

[0062] One of ordinary skill appreciates that the hydraulic fluid in chamber 224
is generally at the same pressure as the chamber 223, 225 with which it is in
fluid communication (i.e., chamber 225 during closing of ram 131a and
chamber 223 during opening of ram 131a). In this sense, chamber 224 may be
referred to as a neutral or balance chamber. For example, while closing of ram
131a, pressurized hydraulic fluid is provided to chamber 223, valve member 70
closes and chamber 224 is in fluid communication with the unpressurized
chamber 225; and while opening ram 131a, pressurized hydraulic fluid is
provided to chamber 225, valve member 80 closes and chamber 224 is in fluid
communication with the unpressurized chamber 223. Thus, the pressure of
hydraulic fluid in chamber 224 does not need to be controlled or regulated
independent of chambers 223, 225; the hydraulic fluid in chamber 224 merely
reacts to the pressurized hydraulic fluid supplied to chamber 223 or chamber
225. This eliminates the need for dedicated accumulators to provide pressur-
ized hydraulic fluid to chamber 224, and eliminates a hydraulic fluid storage
device to: (a) supply hydraulic fluid to chamber 224 when ram 131a is opened,
and (b) receive hydraulic fluid from chamber 224 when ram 131a is closed.
[0063] While preferred embodiments have been shown and described,
modifications thereof can be made by one skilled in the art without departing
from the scope or teachings herein. The embodiments described herein are
exemplary only and are not limiting. Many variations and modifications of the
systems, apparatus, and processes described herein are possible and are within

the scope of the invention. For example, the relative dimensions of various
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t he valve cl ose chanber is not in fluid comunication with the val ve
neutral chanber when the first valve nenber is in the closed position; and
t he val vewopers/ob@nrber is not in fluid conmunicati on w PhTiUuseoalkires neut r al
chanmber when the second val ve nmenber is in the closed position. 6. The
systemof claim1, wherein: the inner cavity includes a first portion
having a first radius and a second portion having a second radius that is
lless than t ﬁ‘ﬁtsf {He$haté2dl Hem @Hféhttlﬁlzevﬁicﬁﬂ's%ﬁrt& RE! HARS aly bihest section that
slidingly engages the cylinder in the first portion of the inner cavity and
a second septrametetshan belviadehghgcoehnglyethe tshepecyfi firotdetion in nohbmsted ond porti on
of the i nneﬁlec

e%\gogi%ﬁents described herein, but is only limited by the claims that
follow, the scope of which shall include all equivalents of the subject matter of

the claims.

23



7. The systemof claim1l, further including: a first fluid circuit in fluid
comuni cation with the cylinder close chanber, the valve cl ose chanber, and
a source WO 2pr3gwswsi zed fluid;, a second fluid circuit i RCTius2@?2/045746

comuni cation with the cylinder open chanber, the valve open chanber, and a
source of pressurized fluid; and a flow line extending fromthe cylinder
neutral chanber to the valve neutral chanber. 8. A nethod for actuating a
devi ce betwegpma first position and a second position, conprising:
supplying pressurized fluid through a first fluid circuit to a first

chanber What is claimed is:

1. A system for drilling a subsea wellbore, the system including a BOP including
an actuator assembly configured to actuate the BOP, the actuator assembly
including:

a cylinder including an inner cavity;

a piston slidingly disposed in the cylinder, wherein the piston divides the
inner cavity of the cylinder into a cylinder close chamber, a cylin-
der open chamber, and a cylinder neutral chamber positioned be-
tween the cylinder open chamber and the cylinder close chamber;

a valve including:

a housing including a valve close chamber, a valve open chamber,
and a valve neutral chamber positioned axially between the
valve open chamber and the valve close chamber, wherein
the valve close chamber is in fluid communication with the
cylinder close chamber, the valve open chamber is in fluid
communication with the cylinder open chamber, and the
valve neutral chamber is in fluid communication with the
cylinder neutral chamber;

a first valve member at least partially disposed in the valve close
chamber and having an open position allowing fluid com-
munication between the valve close chamber and the valve
neutral chamber and a closed position preventing fluid
communication between the valve close chamber and the
valve neutral chamber;

a second valve member at least partially disposed in the valve
open chamber and having an open position allowing fluid
communication between the valve open chamber and the

valve neutral chamber and a closed position preventing flu-
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of a piston-cylinder assenbly and a first chanber of a val ve; exhausting
fluid in a second chanber of the piston-cylinder assenbly into a second
fluid cirwoi2zo13mopdie suppl yi ng pressurized fl uid throughpChastézeys7ié ui d
circuit; exhausting fluid in a second chanber of the valve into the second
fluid circuit while supplying pressurized fluid through the first fluid
circuit; exhausting fluid in a third chanber of the piston-cylinder

assenbly into a third chap@mminiédi®nbRlwen' Wl {AvSyRAlKhngemasasr i zed
fluid through the first fluid circuit; and exhausting fluid in the third

chanber of the val ve i nt ovdlhenseabeithndieanber of the val ve while supplying
pressurized fluid through the first fluid circuit.

2. The system of claim 1, wherein the valve includes:

a stem slidably disposed in the housing, wherein the stem has a first end
connected to the first valve member and a second end connected to
the second valve member; and

a biasing member disposed in the valve open chamber between the se-
cond valve member and the housing, wherein the biasing member
is configured to bias the second valve member to the closed posi-

tion and the first valve member to the open position.

3. The system of claim 1, wherein:
the housing includes a first valve seat and a second valve seat;
the first valve member engages the first valve seat in the closed position
and is spaced from the first valve seat in the open position; and
the second valve member engages the second valve seat in the closed po-
sition and is spaced from the second valve seat in the open posi-

tion.

4. The system of claim 1, wherein:
the cylinder close chamber is in fluid communication with the valve close
chamber, the cylinder neutral chamber, and the valve neutral
chamber when the first valve member is in the open position; and
the cylinder open chamber is in fluid communication with the valve open
chamber, the cylinder neutral chamber, and the valve neutral

chamber when the second valve member is in the open position.

5. The system of claim 1, wherein:
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9. The nethod of claim@8, further conprising preventing fluid comunication
between the first chanber of the valve and the third chanber of the valve.
10. The mwohos/dseiel ai m 9, further conprising noving a waltxis2eemidne i nt o
engagenent with a valve seat of the valve to prevent fluid comunication
between the first chanber of the valve and the third chanber of the val ve.
11. The nmethod of claim9, further conprising allow ng fluid conmunication

bet ween the SeCQH@vélO@@lB%cl%fnbEP% nv)ainvmaegmhﬁ%laahbﬁ etuﬁhﬁémce fpdy-the valve
whi | e supplying pressurized fluid through the first fluid circuit. 12. The

met hod of claim 11, frak¢herbecwhpr iheifigt vabwei mgmbervalnbe nesdsbposoin; of
engagenent with a val ve seat of the valve to allow fluid conmuni cation
between the second cA%tber of the valve and the third chanber of the val ve.

13. The nethod qfe ¢di1Rd %e% chth'bEﬂ% rno?ﬁarﬂiﬁa S6MBunIEBYONG A (R 2l Rt the
pi ston-cylinder assenbly in a first axial direction through a cylinder of

t he pi ston-cylinder asb@ntmb@r woen thans¢dnidonlveheerslarpomeht closed pusi-f i r st
position while suppI%%Qg pressurized fluid through the first fluid circuit.

6. The system of claim 1, wherein:
the inner cavity includes a first portion having a first radius and a second
portion having a second radius that is less than the first radius; and
the piston includes a first section that slidingly engages the cylinder in the
first portion of the inner cavity and a second section that slidingly

engages the cylinder in the second portion of the inner cavity.

7. The system of claim 1, further including:
a first fluid circuit in fluid communication with the cylinder close cham-
ber, the valve close chamber, and a source of pressurized fluid;
a second fluid circuit in fluid communication with the cylinder open
chamber, the valve open chamber, and a source of pressurized flu-
id; and
a flow line extending from the cylinder neutral chamber to the valve neu-

tral chamber.

8. A method for actuating a device between a first position and a second
position, comprising:
supplying pressurized fluid through a first fluid circuit to a first chamber
of a piston-cylinder assembly and a first chamber of a valve;
exhausting fluid in a second chamber of the piston-cylinder assembly into
a second fluid circuit while supplying pressurized fluid through the

first fluid circuit;
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14. The method of claim 13, further conprising: supplying pressurized fluid
t hrough the second fluid circuit to the second chanber of the

pi st on- cyWwondsyoogaasenbl y and t he second chanber of the walrxs201an0ds746
exhausting fluid in the first chanber of the piston-cylinder assenbly into
the first fluid circuit while supplying pressurized fluid through the
second fluid circuit. 15. The nethod of claim 14, further conprising:

pul ling fluid TreQH&ﬂsﬁﬁg Hlidrid aGRasHARhaRbet f8he RAIVEINOIR sb&ddthiig d chanber of
t he piston-cylinder assenbly while supplying pressurized fluid through the

second fluid circuit circuit while supplying pressurized fluid through the first fluid cir-
cuit;
exhausting fluid in a third chamber of the piston-cylinder assembly into a
third chamber of the valve while supplying pressurized fluid
through the first fluid circuit; and
exhausting fluid in the third chamber of the valve into the second cham-
ber of the valve while supplying pressurized fluid through the first

fluid circuit.

9. The method of claim 8, further comprising preventing fluid communication

between the first chamber of the valve and the third chamber of the valve.

10. The method of claim 9, further comprising moving a valve member into
engagement with a valve seat of the valve to prevent fluid communication

between the first chamber of the valve and the third chamber of the valve.

11. The method of claim 9, further comprising allowing fluid communication
between the second chamber of the valve and the third chamber of the valve

while supplying pressurized fluid through the first fluid circuit.

12. The method of claim 11, further comprising moving a valve member out of
engagement with a valve seat of the valve to allow fluid communication between

the second chamber of the valve and the third chamber of the valve.

13. The method of claim 8, further comprising:
moving a piston of the piston-cylinder assembly in a first axial direction
through a cylinder of the piston-cylinder assembly to transition the
component to the first position while supplying pressurized fluid

through the first fluid circuit.
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pulling fluid fromthe first circuit into the first chanber of the valve
whi | e supplying pressurized fluid through the second fluid circuit; and
pul I'i ng fwoi2di3faesnst he first chanber of the val ve into trhe/uskéiiza4zzhanber of

the valve while supplying pressurized fluid through the second fluid
circuit.
14. The method of claim 13, further comprising:
supplying pressurized fluid through the second fluid circuit to the second
chamber of the piston-cylinder assembly and the second chamber
of the valve; and
exhausting fluid in the first chamber of the piston-cylinder assembly into

the first fluid circuit while supplying pressurized fluid through the

second fluid circuit.

15. The method of claim 14, further comprising:

pulling fluid from the third chamber of the valve into the third chamber of
the piston-cylinder assembly while supplying pressurized fluid
through the second fluid circuit;

pulling fluid from the first circuit into the first chamber of the valve while
supplying pressurized fluid through the second fluid circuit; and

pulling fluid from the first chamber of the valve into the third chamber of
the valve while supplying pressurized fluid through the second flu-

id circuit.
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