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BACKGROUND OF THE INVENTION

{0003} The invention relates to methods and apparatus for controlling pressure within a
wellbore. In particular, certain embodjmeﬂts of the invention comprise methods and aippa:ratus
for operating e ram-type blowout preventers.

[0004] Blowout preventers are used in hydrocarbon drilling and production operations as a
safety device that closes, isolates, and seals the wellbore, Blowout preventers are essentially
large valves that are connected to the wellhead and comprise closure members capable of
sealing and closing the well in order to prevent the release of high-pressure gas or liquids from
the well. One type of blowout preventer used extensively in both low and high-pressure
applications is a ram-type blowout preventer. A ram-type blowout preventer uses two opposed
closure members, or rams, disposed within a specially designed housing, or body. The blowout
preventer body has bore that is aligned with the wellbore. Opposed cavities intersect the bore
and support the rams as they move into and out of the bore. A bonnet is connected to the body
on the outer end of each cavity and supports an operator system that provides the force required
to move the rams into and out of the bore,

[0005] The rams are equipped with sealing members that engage to prohibit flow through the

bore when the rams are closed. The rams may be pipe rams, which are configured to close and



1 wellbore. In particular, certain enbodinents of the
i nvention conprise nethods and apparatus for operating
WO Jeemtyee bl owout preventers. 100041 Bl owout pCT/US2007/018166
preventers are used in hydrocarbon drilling and
production operations as a safety device that closes,
i sol ates, and seals the well bore. Bl owout preventers
are essentially large. valves that are connected to
the wel | head and conprise closure nenbers capabl e of
seal ing and closing the well in order to prevent the
release of hlgh- ressure gas_or liguids fromthe well
seal anggguipy grovgd app t isshspesent withindhe bese; eHay ke ;;ahm% r3ypy ¢ shearing
| ow and hi gh-pressure applications is a ramty
blind ggmewsthic aes, epmiagured, to ieseyand prabtheitenfirecbaret elA paaigular drilling
two opposed closure nmenbers, or rans, disposed within
applicajion geasf rgHiiye o vetigyed pmmmgnd blind catys. Theseforae many applications
reventer body has bore that is aligned with the
mulﬁp&eblbb@ué Prgspesedre avictibdst into drigecut prevelger etaaksl that comprise a
support the rans as they nove into and out of the
pluralityofeamAyboblostout prevemamsceaet etjoipphd withdyspedi fic hgpeoafirem.
end of each cavity and supports an operator system
[0006] tRuah-typeoblotest threvdnodre arg efjen conlfifinedny det higsratatmsingt pressurized
and out of the bore. [0005] The rans are equi pped with
hydrautiedhiidi¢p owithdribe pbsitior R ageclbsurd mpdthibdrk rélhidve tohtheumhe. Although
the bore when the rans are closed. The rans may be

most bivadt pfeventeydire Boagied e fliidyueth ssoshedsiBedttive Whirce of pressurized
2008/ 024265PCT/ US2007/ 018166 seal an annul us around a

hydraufit Fid, hadny Hpltspasedqitd héditaid folaaltbf PéssiiYedis doAd1RAuid to be
rains or shearing blind ranms, which are configured to

stored Gh® SBnRBfhts1eAbvaildnie %‘bbérﬁteb&lé %iovﬁov.ﬁ?j’ré\l'c%k’éram tHE 'claslc' &emergency.
application may require a variety of pipe rans and

For exﬁhble Omb R Bubsed 8p&hRAEsp écgﬁggﬁggi?{ eﬁ&d%é & ﬁ B@uchiep kBck to be able

[ 'owout ‘preventers are a Into

to cyc]fér(?iée'?ﬁ@vre 2askRe Liatoef %@méeﬁethé ﬁn!l 'ahéf r8fra %Bé‘ig&i} several

|'owdut preventers, each eqU|ppe a speC| ic type

times ng % d&@ PRl B SNt spz{cﬁvgs@&%{) arIS 01? fgﬂ %?essure, large

con Be operated USing pressurlz

blowot &%\%nteg ga%ﬂta;:s]@éx%lgﬁe% Q&%fah '(1)136 crin%pg%ﬁ %%F%‘?gﬁ{%f‘?y have to
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pressurtgﬁ%lpgg{\@%?evtg&%rsg %%1 r e\ﬁ{lﬁp‘tg fﬂ%@egy%glglfcg uﬁ;b requu‘emcnts of these

bl specifications re |re blomog .preventer stack to be
OWOU |y enters (s Lipporgant "HEFFQ 1 the obHislpweEt prs¥Rntergeand of the

ext ended and retract ed position) several tines using

dﬂﬂmgd?wﬂar%q}? theoy Thus. dheerpbedimsntsiafghe pﬁéﬁme@gwwm directed to
In high-pressure, |arge bl owout preventer stack

ram-typgs blowut dgevedes thpt ﬂ@h geekdtogaysrepme dhessr ask athiep dignitations of the
fluid my have to be stored on the stack, creating

priorapot h size and wei ght issues with the system

SUMMARY OF THE PREFERRED EMBODIMENTS
[0008] Exemplary embodiments of the present invention include a hydraulic blowout preventer

operator that comprises a first piston rod coupled to a closure member. The operator further



[ 0007] Because many subsea drilling applications
require the use of |large dianeter, high pressure
wiol momeri2qir event ers, the height, weight, and hydraskeo/oisiscs

fluid requirements of these blowout preventers is an
important criteria in the design of the bl owout
preventers and of the drilling rigs that operate them
Thus, the enbodi nents of the present invention are
directed to ramtype bl owout preventers that that seek
to overcone these and other limtations of the prior
art. SUMVARY OF THE PREFERRED EMBODI MENTS |

comprisg A opereias JOrsER ceuRied fhe bpmes avd 2ihgyd nTh% ﬁfﬁt Risfqrod extends
a hydraulic bl owout preventer operator that conprises

througb th¢ peungsiintodthe fset ersEape Housing WhESsia reeupisaite @ firshpiston disposed

_operator further WO 2008/ 024265PCT/ US20071018166

Withlnd rit spgratorfiongmngo Pheapsraterolisthaycanpmides @ seoowd bswngpd coupled
and a head. The first piston rod extends through the

to the [gbosies miember.t Nkhef sqcond gistemred hivo adongtivlimal eaxiis that is parallel to a
couples to a first piston disposed within the first

longitusiinal axisroftiee §ish gistorhredo pdreaseoomdf pistbh eed extends esugh the bonnet into
second piston rod coupled to the closure nenber. The

a secosé operdtop hetsing aodl ihasipled torgiet o] piatonakatds idispbsddswithin the second
parallel to a longitudinal axis of the first piston

operatoxdcbusige second pi ston rod extends through the bonnet
into a second operator housing and is coupled to a

[0009] STREY) GeRbist @fibddifientsSotpepa eavetitiohi ddnigitiese eMMBination of features
operator housi ng. 100091 Thus, certain enbodi nents of

and adVa@&@8d thdd\eaable GRbSIARRAL SaRccaRimpioRaks opesatioh ealiWoRsrol of a ram-
and advant ages that enabl e substantial enhancenent of

type HiGRoOPBFALhRP aDHeseOMd Yari®ds BtHeRMBhbyRer2tie¥ Al advantages of the
preventer. These and various other characteristics an

presen® AHAHRGEHiRbd B&dd Weﬂtn%emdsé’ Nsiifdd ul?q}xée‘ﬁ'g'ulp%n readmg the
apparent to those s din the art upon reading t

o S ok s ORISR0 DK B bt
to the %&ﬁ%@% Qﬂa\g]’n%\éll ngs. BRI EF DESCRI PTI ON OF THE

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] For a more detailed understanding of the present invention, reference is made to the
accompanying Figures, wherein:
[0011] Figure 1 is a ram-type blowout preventer constructed in accordance with embodiments
of the present invention; |
{0012] Figure 2 is a cross-sectional view of a hydraulic operator in a retracted position and
constructed in accordance with embodiments of the present invention;
[0013] Figure 3 is a cross-sectional view of the hydraulic operator of Figure 2 shown in an
extended, unlocked position;
[6014] Figure 4 is a cross-sectional view of the hydraulic operator of Figure 2 shown in an

extended and locked position;



100101 For a nore detail ed understandi ng of the
present invention, reference is made to the
wacoasraregi ng Fi gures, wherein: 100111 Figure PCTAIS2607/018166
ramtype bl owout preventer constructed in accordance
wi th enbodi nents of the present invention; 100121
Figure 2 is a cross-sectional view of a hydraulic
operator in a retracted position and constructed in
accordance wi th enbodi nents of the present invention;
[0013] Figure 3 is a cross-sectional view of the
[}y,drau ic operator of Figure 2 shown in an extended, i
ABYEKR IS ilwc [YeRYY @;i%p% garp blgwout preventer constructed in
cross-sectignal view of the hydraulic operator of
accordgncs yyigh embedgentsPibe weseh HvEDEeM | ocked position: WO
2008/ 024265PCT/ US2007/ 018166 pHs) Fiqure 5 is an
[0016) Eigpget§ isca wriagnasic eprepagispe viermob |ammgj? qyHederaperator and a parallel
constructed in accordance w th enbodi ments of the :
dual cybindercgmerdtofient i on; 100161 Figure 6 is a schematic
conparison view of a single cylinder operator and a
j0017] Rigedel eis 2l ardss-sgdtiondleyiewpefraatianl ;cylinder hydraulic operator constructed in

(0015}

accordance with embodiments of the present invention;
[0018] Figure 8 is a cross-sectional view of the dual cylinder hydraulic operator of claim 7;
[0019] Figure 9 is a partial cross sectional view of a motor and transmission for a dual cylinder
hydraulic operator constructed in accordance with embodiments of the present invention;
[0020] Figure 10 is an end view of the operator of Figure 9; and
[0621] Figure 11 is a blowout preventer stack assembly.

DETAXLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0022) In the description that follows, like parts are marked throughout the specification and
drawings with the same reference numerals, respectively. The drawing figures are not
necessarily to scale. Certain features of the invention may be shown exaggerated in scale or
in somewhat schematic form and some details of conventional elements may not be shown in
the interest of clarity and conciseness.
[0023] Referring now to Figure 1, blowout preventer 10 comprises body 12, bonnets 14,
operator systems 16, and closure members 17. Body 12 comprises bore 18, opposed cavities
20, and upper and lower bolted connections 22 for assembling additional components above
and below blowout preventer 10, such as in a blowout preventer stack assembly. Bonnets 14
are coupled to body 12 by connectors 24 that allow the bonneis to be removed from the body

to provide access to closure members 17. Operator systems 16 are mounted to bonnets 14



100171 Figure 7 is a cross-sectional view of a dual
cylinder hydraulic operator constructed in accordance

wol Zobs/@aki3di nents of the present invention; 10@0t84&$2007/018166
Figure 8 is a cross-sectional view of the dual
cylinder hydraulic operator of claim7; 100191 Figure
9 is a partial cross sectional view of a notor and
transm ssion for a dual cylinder hydraulic operator
constructed in accordance with enbodi nents of the
present invention; (0020] Figure 10 is an end vi ew of

t.he qgperator ,of Figure 9; and 10211 Figure 11 is a
and ufi Fﬁ\ﬂgwﬁr%sl@\;@ﬂ%ﬂﬁmlwégr&ﬁﬂ?ﬂ § s clasire eRmbers 17

OF THE PREFERRED EMBODI MENTS 100221 In the description

through payitien?d, dnke, and qué ophptest 8ar e nar ked t hr oughout t he
specification and draw ngs with the sane reference ’

[0024] £Wﬁaﬁsé ilusypteceriovehipodimisnt of amppryator ghstem thateredutes the volume
necessarily to scale. Certain features of the

of fluid meededi torcyeiey theeopehaan by utifjgeg ot gd ficate kise hpdraihic fluid to retract
somewhat schematic form and sone details of

than taenteadt | Opalater] systmb SOnsymootteb goshunmet 32 4dikid nowpledtto closure
of clarity and concil eness. [0023] Referring nowto

membdri g r @pdratdr|syseut cqnpnies tpddtod Cod Bappibteas3 &) ogyratc? housing 40, head
bonnets 14, operator systens 16, and cl osure nenbers

42, sliding sBedy 442 and iguk seisddioPitckB38 eppmsiees body 48 ead Ahnge 50. Body
and upper and | ower bolted connections 22 for

seal 52spenbiféragiatidshironals BoIPaB edSsRABAYE anghgleloPétator housing 40.
bl owout preventer 10, such as in a blowout preventer

FlangeSdealCk4 am&ﬂwrynﬁaﬂ?rm%ﬁnaéﬂa{% TR @éilihglyba%ﬁgaﬁo ator housing
onn

connectors 24 that all ow the ets to be renove

40. Theseirid\@aRRELY otquaﬁgeyéaﬁi 843CHERS thih theSHLE dT%{B% 8t dddy seal 52.

Qperator systens 16 are nounted to bonnets 14

[0025) M&%@&ﬁéﬁ%ﬁ&%@%&f %%@ﬁangc seal 54 with operator housing 40 divides

the interior of the operator into three hydraulically isolated chambers, extend chamber 56,
slack fluid chamber 60, and retract chamber 64. Extend chamber 56 is formed between head
42 and flange seal 54. Extend port 58 provides hydraulic icommunication with extend
chamber 56. Slack fluid cha:lnber 60 is formed in the annular region defined by operator
housing 40 and piston 38 in between body seal 52 and flange seal 54. Slack fluid port 62
provides hydraulic communication with slack fluid chamber 60. Retract chamber 64 is
formed in the annular region defined by operator housing 40 and piston 38 in between body
seal 52 and bonnet 32. Retract port 66 provides fluid communication with retract chamber
64.

{00267 In general, extend chamber 56 and retract chamber 64 are in fluid communication
with a hydraulic fluid supply that is regulated by a control system. Depending on the
configuration of the hydraulic fluid supply and control system, fluid expelled from the extend

chamber 56 and retract chamber 64 may be recycled into the hydraulic fluid supply or may be



and utilize a hydraulic piston 26 and cylinder 28
arrangenents to nove cl osure nenbers 17 through
wo004/026%520, into and out of bore 18. 10024] Pcguse®7/018166
2-4 illustrate one enbodi nent of an operator system
that reduces the volune of fluid needed to cycle the
operator by utilizing significantly I ess hydraulic
fluid to retract than to extend. Operator system 30 is
nounted to bonnet 32 and is coupled to cl osure nenber
34. Qperator system conprises piston rod 36, piston
38, . oper at or, housj ng 40 ead 4 liding sleeve 44
vented 35 hg GEROPGHnA GV EPSRER. oBiach rﬂgﬁ shambsp msYhigpresiure balanced
.. flange 50. Body seal 52 circunferentially surrounds
with ¢ oppdingEnyaanaRY SPoBibalgbe ik prasgire pE iR Hep slack chamber does
Fl ange seal 54 circunferentjally surrounds flange 50 .
not TeRFIMRENFHPE Pisigatfe s Iy sertamormbedisients. sbck fliad Shamppg 60 is left
di aneter of flange seal 54 is larger than the sealing
open tgj tigesusiougdingoenyiragiens 2r qoupEs1toTh eregsyeegeerapensetion system that
. body seal 52 and flange seal 54 with operator housing
maintaiils e Palhased prssiune withor thefslackdluighehambsr. i nt o t hree
hydraulically isol ated chanbers, extend chamber 56,
[0027] slnailgufd Bj dperht@nbeste:B0 dnshavet imetrettixaad posifdn vibere pikton 38 is
chanmber 56 is forned between head 42 and fl ange sea
disposé&dl ag&instelmhd ptr. t Seyiblping\vprdesniribyd haddautic clmidrim extehd gort 58 actuates
with extend chanber 56. Slack fluid chanber 60 is
operatérosysben i 30 tix naosves lpdston 8§ wwaadfdonaet BY. opepht®@ 38 moves toward
housi ng 40 and piston 38 in between body seal 52 and
bonnetf 33 Hlyed sdtiin bidck ShRicdhabdber d0pOphsiRd tmoa%h dR8k Mysd poticR and fluid
conmuni cation with slack fluid chanber 60. Retract
within GBR#dedthabtber 41 @ PEed thrbligh 26tru¢t dbrt' 601 AhedRiENREHEY from slack
operator housing 40 and piston 38 in between body sea

fluid chZmBade® and edtraz? chdf8bdrasd nA9 e R&IRIOMI z@lﬁ%drfa{tﬁk'b feservoir or ejected
comuni cation with retract chanber 64. 100261 In

to the Qﬁ'&ﬁfrﬁ!incg & RIMehenb amR ey apR Ll ¢ LaGhic@ R RRRhd Q:ﬁm%)f/)@r 56, piston

in fluid communication wth a hydraul'ic flurd supp

38 willt Qftinks 18 gL %ﬁ%@%ﬁsﬁﬁg Qﬁzﬁytgag bR ?P}J?ﬁg r&.ﬁ&%@ﬂ Ffhre 3.

he configuration o raul1c supply an

v L) R s BB A 08 o,
o R 501 FeRUBBY o0 Bl oy g s o

er, 60 ma

j Slack fl.uid ch b
s B L 260G, RS BRFFCHLE reoos
vtund 8 A8 PR 1 S0 0Tt i e Benae an o
e b o PRI 5 el RSB SOOI et i

syst.em t hat, mai ntai ns the hal anced pressure wthin_the
subsca JPRLRAHRG VEPh BTSIIEED JoPT RPN RACES BIe WE e e Of latge volumes

.Syste is shown in a refracted position where,
of ﬂmfﬁfy”éfﬁl&ﬁle gg""i’%“‘d%r%‘f%‘?éd‘s%f@%?lﬁs 3%14@5@%4@ velusif %g Hyid needed to move
pressurized hydraulic fluid to extend port 58 actuates
the °P‘?fﬁE‘Fa‘>‘tYé‘ie“§§&tt%€iﬁ CEAPIRAIL Ipluses thessolugiarfl figish that needs to be
32. As_piston 38 noves toward bonnet 32, fluid within
stored ypthékcbquwt@rﬁam@r aggndY.pushed t hrough sl ack fluid
port 62 and fluid within retract chanber 64 is pushed
tUieg gh smellenm dianpeien hgdraulipeares Ufor tplrattiog hepoihe|agddrd benefit of
fluid chanmber 60 and retract chanber 64 may be
generating dgssefpree during detedtion. r ds evevisinr sitwatisinec thed faree tgeperated by the
surroundi ng environnent. As hydraulic fluid is
supplied to extend chanber 56, piston 38 will continue
to nove until the piston cont@cts bonnet 32, as is
shown in Figure 3. [00281 Because piston 38 nust nove
the sane axial distance during extension and
retraction, the difference in fluid requirenments is
achi eved by using a smaller dianmeter hydraulic area

[602%]



operator systemin noving to the retracted position is

insufficient to nove the closure nenber but exceeds

design | oads for certain conponents of the system 1In

these situations, if the operator systemis actuated

some conponents within the systemnmay fail. Therefore,

reducing the force generated during retraction helps

to n1n|n1ze damage when the operator system attenpts,

stor t.a closure nber . and. hel ps

ook BV B Rrbfihg e Eirasieh RePpar sELsL W3 rove the closure
mer®eebli Becehs d@@igﬁlid%l:@fbr b@ﬁamlmcﬁxeﬂw@ﬁhe whem. In these

under pressure 030] _Alt hough operator 30 is
siyiations. éfdha;ppﬁpaiprawst%nw aslyatas soram gorpeneoistwikiv tha sestem
EER TReRITRE AT e ke dorlraiEl AnIFRBIAER S to minimize
damyageawheo the essnatcaf systenpadenptsy bpo&ils ity edtyack ecdkoqmrshm‘mber

sl ee rotationa
=iyl PEVbt O8misfatidiehed B Rutioee by BRGinkune opening
ofwhé Bldsaekmeathed uhewhireler bressotet ably coupl ed to head
42. Sliding sleeve 44 noves axially relative to | ock

rod 46 when the lock rod is rotated. [0031] Referring
[OOSMKAI%&JQQ offbrat®n8e iPhsthigRddd, RRIESId &%é@ebﬁ%?tafp%%cations

| oc Is rotated. The t'hreaded engagenent o
alsaegauired m@cawmcelllodi ingprdertovvaintaio thes essmmogﬂh@ev@ure

mPRpE: B cete of | BE A Ryl PR Pt 8 a6 Desefeq Ggiton 28
in pBsidion] S;dstgmleewm%zisﬁotahon@lly tiked redbioevieo fdtomidsl and threadably

crGROEa MBS oot BOTPELS 1ol uPIoTie oRr dacilaing sleeve 44

MEVEPBEARYelAhvelt ek 10l 46GviRa1tthal Ioek Rt BlregN&d .44 1S
self-locking' to the extent that axial force on the

sliding sleeve will not rotate the sleeve relative to
Y
0499808k TR HOARe A 30 ARARBIAA LA oo 4

is mjaieldgThwalwe{adea#Ebgagmne@tzof lGxic®dsAb dncmgl:d;h@ekeevww Gauses the

houl.der res th|n e
SIS o SR BN o 2y 1o Gl SR o8 48 b PRyl Save 44
Cohtmtﬁsm@nmawﬁpatsﬂoﬂr% ésﬁtstsmo‘&vrfm%@r 4. slidiely BeskberMRIll engage

.{%4 %gd | ock rod 46 o erate ah%a\ | ocki ng s%lstemthat
PItah Sperneyayert Tt‘%”ﬂﬂ RIFEONRMBE oL 12

openi ng unintentionally. Al though only WO

2008/ 024265PCT/ US2007/ 018166 shown in the fully ‘
[0@3d]elmecitireatied daggmsws iof losk rod Hﬁcﬁwgehsﬁur@es)@e\zm%ah self- Iockmg

o FRSESEr RS 8SR0PL0 e BBIEDES0: D) AR gBRRild B e

the Etckaocd ethyxo siHenatidinly Freaue #4 B, Inmodtanﬂlwno ghoelkRu6e, piston 38 is

first liedt t d h
preydrire BB AR R AR P o REE S1ay ST dide FhgRoed wih
shbOder B8 ahe RbEOUE viifheh é)@tékd cAbmber Be caftrt @ducddand piston 38
rotation of |lock rod 46 noves sliding sleeve 44 a

wilf rgRRisHo iheiextepded ppsitiam Indhigrmeariiaresliding sigere Bé 2nd lock rod 46
orBBRL 55 KOAPE Kl OEDR S BAcRt b B At a4 o
opening unintentionally. Although only



100341 Lock rod 46 can be rotated by a variety of
el ectric notors, hydraulic notors, or other rotating
woevemes2ssl N certai n enbodi nents, the notor i SpaT/US2007/018166
hydraul i c notor that can provide 15,000 inch-pounds of
torque. In Figure 3, lock rod 46 is coupled to notor
72 via transm ssion system 70 that transfers notion
fromthe nmotor to the lock rod. Figure 4 shows notor
72. being directly linked to lock rod 46 without a
transm ssion system |In certain enbodi nents, both
system 70 of Figure 3 and nptor 72 of Figure 4 are
shown iyjtheppaly wrtendashendjockedi Rasitiamn Hiding Yepvrafitifan engage and lock
operation of lock rod 46, such as by a renotely '
against pistamaifeih anytpasitong ROV) . The ROV coul d be used to
supply hydraulic fluid or electrical power to operate_.
[0033] Troiooder72 wiove gyplethtde systerd 3Q tark detthy reeeted nosiien, g Figure 2,
46. 10035] As discussed previously, operator system 30 )
hydraul@apresynee it frsedgpdietite ektpndichémben 56¥ i Fhip geracwaseany éxial compressive
hydraulic area for retraction than for extension
load frdipcaidsey klesse Horaed fosk meduid end atlowetthadeck kass by de rotated. The
menber 34 than to extend the closure nenber into the
rotation\8ff 1obR8d 4heoverxliding deaneienway Sohesiopddatid. Eydteeliv pressure
for a ramtype bl owout preventer is often determ ned
can theRbeldpp1iBY € dthaot cirEiSE B4esRAL R Wbaé pissor B8 bhsletbwtand the retracted
close the wel | bore under full working pressure. In
positiohbfPigRfepsure applications, the dianmeter of the
operating systemis often larger than the hei ght of

[0034) g%ggi ?%Agﬁfcaﬁ BalotafediRHR Vet D tdieotit Biddsts, RyEWEIN Riotors, or other

many ramtype bl owout preventors are

rotatingggé’\iigéagfk?geﬂiﬁ térr[eBUcﬁﬂ)E’ﬁtg, fiRMBoRP e alhyMGadle ﬁtoﬁi'errtﬁht%an provide

multip cavities, the diangeter of

15,000?%%-%%@?63%‘8?&11@ ten Aehel M Nesk L8 Ay s Aduph@ Bim@br 72 via

as' t he 1’ ndivi dual cavity openi ngs nust be

transm%@?é%gﬂ?%?& Yhtagtsr%\sl | éﬁétﬁ&%ﬁ?ﬁ%&é&?o&%ﬂ% ﬁaﬁggglﬂ{)ﬁfg. .rI;i%ure 4 shows
o B8 B0 E AR e A
B HEER. R R A A T —

single, larger dianeter.hydraulic cylinder. Usj .
systemg | allovPaREAl SPFPGPRA PEK £0F HicuiE athicdielgpgrated venicle
bonnets 86 to be | ocated c] ose together so, that
ROV)p| T ROV reovishberused 9 SS‘RP’:é(a%Y‘Ha\?F?% ﬁé}eéﬁ}cal\?"we" to operate
neasur ed bet ween upper connection 85 and | ower
motor Thaneautld bp used toditggtly ratate logk 504 €¢- dual cyl i nder
operators 82 are schematically illustrated in Figure 6 .. .
{0035] whediscussed POYIQush: eperater $ystend BRLED CPeHe aitegtively ghdle utilizing a
cylinder having a large dianeter 92. A dual_ cylinder .
smallenpgpdmtbc drea fapraseetioedhary for extension thegrwg leihfpee is required to
di ameter 96. Dianeter 96 is selected such that the
retract tadosalre anemb@4 36fthhotth extahd dhercdesurs membar insadhe eyeithore.  The
to area 90 of the single |large dianmeter cylinder. To '
maximptodiaieetar Sfbtitaopéraiok ysystam Viak entraprtype Urlewape prevepter is often
is believed dianmeter 96 is approximtely 0.71 tines
determited B} Giie RRdrafid¢ peosangsl Area ahatcy eaquiend fonclbsalttenweBbore under full
operator can be replaced by an operator having
workingairadsh), TRk -prdsnal appHRidtivms, fhaldiashater of the opgreisg system is often
that this reduction decreases the m ni num spaci ng
larger B@hWEEReiadi SCARIoRAY thiaeh doiPradSUBE bRRTOIt Pedemtérdody. As many
twel ve inches. [0038] Figures 7 and 8 illustrate one
such parallel cylinder operator that also features
reduced fluid volunme for retrgction. Parallel dua
cylinder operator system 100 1s nounted to bonnet 102
and conprises two parallel operating cylinders 104.
Each operating cylinder 104 conprises piston rod 106,
pi ston 108, operator housing 110, sliding sleeve 112,



[ 0039] Each piston 108 conprises body seal 120

di sposed on body 122 and fl ange seal flange 124

di sposed on flange 126. Seals 120 and 124 sealingly

engage operator housings 110 such that the housing is

di vided into an extend chanber 128, slack fluid

chanber 130, and retract chanber 132. The sealing

di aneter of flange seal 124 is larger than the sealing

di aneter of body seal 120 such that |ess fluid is. : i
raPLRTE RO WP s consRtBe R ERE e SRefaineln a single
bdd? it mueiplepsligda rieliatrfer 6004 QbelAbBdsedm dftah determines the

cyl i nder operator system 100 operates in essentially

ovefl! keiget ofdbe apsrmily aspbedndividygktavity 0eaiegs Musd dejspaced apart
I t I operator system 100

to a%@hd(l)%h}abﬁe ?ﬁ%?éﬁ%@% %)Sr?g (ialgéed position. Sliding
sl eeve 112 |s dlsengaged by first pressurizing extend

1038k "Ry 14 LGN DA BHRE e BbkolioutSOisl AR obf Rhighfarane
duaeaglinties opéia@@rsfﬂﬁ cijuwacﬁ!oetﬁc\t@ g4 By benKkts BBY aeStators 82 utilize
plied through retract port 138

thressurlzed flui

pomaler Qtﬁm%iﬁa%%@uh%gvlmﬁﬁés &@@gigplwwvwr& q9ging fRjce to a

s:ﬁ@é rIQFder‘a%H@t%F h u}% E rf@éYeUEIr@ts‘?ﬂalgeQ%érﬁé@F ﬁ&cﬁ\%@ﬁc cylinders
I and pul | suppo toward bonne

allgmuad;aq@@t aoonets 38§tte rhellooateg dosetthgether by thattiewewdreventer

t ur n ISP ﬂ{tmﬁjﬂ g%pg&ggg& aosg?%ﬁ g%@&ere%éfp@‘%m;&gr?eét%n 85 and lower

coappﬁynn@?hydraullc fluid through extend port 134 to
extend chanber 128. As piston 108 noves toward bonnet
102, fluid within slack fluid chanber 130 is pushed
[0b3T IOt pSlanskd Idyﬁfhdé@b efat§rsBare! éﬂh@nﬂtlbgﬂlﬂilﬁﬁﬁé@ﬁn Figure 6
chanmber 132 is pushed through retract port
whargisged H8 herresedimtae aegestreipebachiimme cytlsu:ieaﬁavm@ta %me
[
HBER SR, & e B, SPe SR reeRo e Ak Se RETEVHRL et
duarﬁetew $6f UBldmyeten 96 resdztied dedh plost the cotal ard® 94 of both dual

R R ST

a fURYeniallveyevarht pfeskee ficst ans béiaedtdiemer @B8dedpproximately
(}gfgitio ) 100§21 Support nenber 116 ensures that

RS iameieadd 6%@&%“&"%@ SeUBN PRI AIWEHY sperigr can be
reﬂHEé@By%HQxﬁﬁﬁbﬁhé@Hg?%nﬁ%ﬁhﬁﬂ%éﬂQm TﬁﬁngmﬁﬁéHkhSnssuggeﬁthat
system that supplies to operator systeml may
thigIreduaiencinsreapesdbie nunisupp Ispapiid resiveen amapelnttczavntle@ from
a way that pistons 108 remain
se@§ﬁ%%b§ﬁ?§%3£mﬂbhg1%%b%ng 100431 Referring now to
Figures 9 and 10, operator system 100 may further

oG T Rs s s 3lRteE i sbat batale Boide it 8 it syfeatures
re QGRATRNIE Qblud for PetPd@Bn1PBralllY ¢ Blyﬁ % &@p@@oﬁ@@éhﬁﬁﬁ) is
notor 142, transm ssion 144, and overrid

MQted tasherh 102G Ndscarppiitasdtwoan aa el opfaatwgtwifﬁﬁ@r@ﬁ Oy Zach

op%&ﬁﬂ?%%ﬂgﬁﬁ&ﬁﬁ?ﬁhﬁgﬁ&% @Hwn ?QSF?@& i ?8ﬁ§$$gihou&ng110

slidhpeteavet 1012, and I(an:bupkieith cEatchamﬂnm s&d 006 Isdcoranet to support
QVErr] 46. Transm s$sion 144 conprises a plurality

m %étﬂg”Phﬁ?“WB%g%?& F? coupl e notor 142 to | ocking
rods 114. Override 146 is positioned so as to all ow
access in the case of failure,of notor 142 or the
supply of fluid or power to the notor. Override 146
may provide for direct mechanical rotation of
transm ssion 144 or may provide for the externa
supply of hydraulic fluid or power to notor 142.
100441 The features of the above descri bed operator
syst em enbodi mrents may be used al one or in
cooperation. For exanple, the reduced vol une
retraction operator of Figures 2-4 nmay be used in



WD 2008/ 024265PCT/ U82007/ 018166 100451 Al t hough t hese

features can be used in other applications, the

descri bed features provide a synergistic benefit when

used in conbination. As an exanple, a double ram

bl owout preventer that uses a parallel cylinder

operator system having reduced volune retraction (the

operator systemof Figures 7-8) is lighter, shorter,

and uses less hydraulic fluid than a conventiona

bl owout preventer using conventional operator systens.
méimbern Gt tsﬁoWh)leamcbekésurgz tioat pAstdns Ih 0?1 Ireﬂgailsl ee?/l@ dyackronized.

Irr al so a sj ifie ocki ng system
Cﬁﬁ@ 8%%%3 %85?3‘ @3EJEWPngéﬁOIocklng syst ens.

[ 00461 Figure 11 |Ilustrates a bl owout preventer stack

200 coupled to a well head 202. Bl owout preventer stack

[009891 Eaptppistoas! 08 campisestkasy sess 440 Hispeead andogh egnd flange
ocH Ao PAE R0y Rl 148 TR 128 =0l 025180 ngace
oreomnebbrsin@d 810 sach ﬁiabwmmmm@g/@rme:dsd Eiltﬁ,anaermmwchamber 128,

bI t 212 Kk [ I 214
Fla Pran B e T eSSt rhe el iR iptend Tange
se‘éDMM isSiafger e B dHaNNg diarRseY BNbEdy %a?ng@alﬁﬁ tﬁ‘a“tdess fluid is
connectors 220, riser adapter/flex j

fea'es'fﬁq ot fillyséractehembaid 324heats t&%fﬁ@eﬁ@ fill zzf@nd @dsuarréaer 128.
connector 226 provides a rel easabl e connection between
upper stack assenbly 206 and | ower stack assenbly 204.

[Omr%anaifﬁ chat oyhindat opsradresystasn o0 wpethies irf esaemtialigthe same

sehflEhe Hf BBUERY oyRURh PLASEIBRIT R AdP v B teme. 7.

oplemtentysnmrﬁjoaé ehbwndp paredtersiddoind IGpkay positiem3Iyipey sleeve 112
enters. The prese

s dis8Fanae P &L pEASBtIE e Ao Bl harm ey B TRy GRS lapibpert 134 and

thét ﬁ)t§thﬁ§/%ck 'ﬁod hea dp MAES sictNE SV Bwihd l:ylhh%ier head 118. Once
descri b in detail, 1 specific enbodinments of the

sllﬁlﬂss%eﬁveu Hieifciissmoapes, pressuiresfiidisanmied ﬁlanoughéetract port 138

to Pét?a?tﬁ% ﬂ'b%f S UF é)r%s%@n% & ?ihﬂg r@{?%&rbhamber 132 will move
exenpl i |ca ion o rincip f nvent

pisioa 108 tmardl hetml‘d‘éﬁamabpmt Buppchrhmambariﬂﬁdnwam bdmaIet 102 until
|IIustr nd.desc uIar

OPGIGIPLTS cg) 'ﬁé’?ﬁ? TE)” %@%‘?@E%ﬂ{‘on H{;e{ﬁl on provi de
systems t hat aI I ow a reduction in the size, weight,

compl exity, fluid requirenents of ramtype bl owout
(084 B\ epRraly Syﬁgfréﬂ%ﬁ)]bﬁ‘erqtlémﬁgd% thagxtended position of FIG. 7 by

|
apé%ﬁf@@w 14 W00 eQ it 934 REARRY 'cﬁéltn'b@Ep %%\D %%‘Siston

resent i nvention to ramt ype
108 rev @ towa/d bgmneth1é)2u§eldoﬂ=thlhelat;brilcuabc@rabert‘rfeD isrreséad through

S'a'gg‘n“ﬁ%%bﬁ@éééfaﬁ?tﬂg'in%ﬁﬁ&%‘fﬁgiﬁ%ﬁ?&i 35057 Bl gact pon
138ublse duidylishiat ifone glacR Mt chdmberﬂ J00aseraftiaict yhamber 132 may be
reco ni zed t@at the differen ch| s of th

ret@%ﬂ%’ N Rhdadiceae el B ”QV@&%"@B&%@@”C@

ls%nnoawwuwtr@k&@empé@ﬂwn to pr oduce desi red
resul

10



[0048] The enbodi nents set forth herein are nerely
illustrative and do not [imt the scope of the
womeenzime or the details therein. It will be PCT/US2007/018166
appreci ated that many ot her nodifications and
I mprovenents to the disclosure herein may be nmade
W t hout departing fromthe scope of the invention or
the inventive concepts herein disclosed. Because many
varying and di fferent enbodi nents nmay be nade within
t he scope of the inventive concept herein taught,
i ncl udi ng equival ent structures or materials hereafter
lock redsodiihtarefrotaiert spethat stidingnyleaven 12 Anease theypipensegd prevent
in the enbodi ments herein detailed in accordance with
moventehbofibs istens fem the ertcrdasdipositom.- the law, it is to be
understood that the details herein are to be
[0042] Swupperir steatbeas 116 | ensurest ithad  aistonsotl 0B nand | pigioni mgds 106 remain
sense. What is clainmed is: 1. A hydraulic bl owout
synchrgniesddaring thpepatationedspstesi 14§, Eheyasaulie systeoethat aupplies fluid to
first piston rod coupled to the closure nenber; a
operatdrisystermODE) miag raldacheseardiguoatbto Sipply bydrawidfloiikpl thel cpaxdtor system
fixed relative to a bonnet and a second end coupled to
in suchaa WeRthat pleiRi 108trB@ain $GichRinddedwhikdmexingnds t hr ough
. the bonnet into the first operator housing and is
[0043) RRfERBbmovEkaFigiged 9 ah8 g Oh epaator dystemgl BB fusthet Comprise drive
nove the closure nmenber; a first piston coupled to the

systemf 1405thaPio?4t04) 1 dcREhgardds At 4] 8 asévePaidin@bleyvedl BPR86Gnd out of locking
within the first operator housing, wherein the first

engageRicht QUHCHSBRI198S Tritd &fterRAdY BRPrReS Mb®r 14228@8smBsion 144, and
second piston rod coupled to the closure nenber,

ROV Wgi&l Rabhepses Q?éﬁiaﬂﬁ: PAPRs LRI hSRS 188 |vﬂﬁ§?ﬁc{%ﬂfe nad disposed

axis that is parallel to a longitudinal axis o

senrs b S 3500 0 S e SRS i, o
other nmgr % §(§.ﬁ:ﬁ) toetngl ﬁﬁwcl)r? 44 Qud Q@e ﬁéqas"“i‘?&%hﬂséigﬁ 144 comprises a
on r oé S t?] t he

secdnd piI's exten rough the bonnet T nto

pca 5B S0 HPLIRBbS 12T FAGL LY Gheciae 146 i
pOSitiOIrlreE(iT?Oe bs toa.'gl?ow access in the case of failure of motor 142 or the supply of fluid or
power to the motor. Override 146 may provide for direct mechanical rotation of transmission
144 or may provide for the external supply of hydraulic fluid or power to motor 142.

{0044] The features of the above described operator system embodiments may be used alone
or in cooperation. For example, the reduced volume retraction operator of Figures 2-4 may
be used in combination with the locking rod and sliding sleeve lock arrangement as shown or
may be used with other locking systems. Similarly, the locking rod and sliding sleeve lock
arrangement can be used with other operator systems or in other types of linear actuated

systems. The parallel cylinder operator system may also be used in other applications and

with other types of piston and cylinder assemblies as well as other locking systems.
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a second piston coupled to the second piston rod and

at least partially disposed within the second operator
whaoed/org26swher ei n t he second piston conprises RCSASUAN18166

body and a second flange. 2. The hydraulic bl owout

preventer operator of claim1 further conprising a

support nenber coupled to the first and second piston

rods, wherein the support nenber axially synchronizes

the first and second piston rods. 3. The hydraulic

bl owout preventer operator of claim11 further

conprising: a first flange seal disposed on the first
s g J i D aTieat ibed features

[00451 #ltheyeh dheses Eaturay icpn divgaersly invother tapalieasiongs e descri
. housing; a first body seal disposed on the first bodg

providey gdsysieegistivg benasii gubestl vigd fn caebinatioat oS L sxagple, a double ram
wherein the first flange seal has a sealing dianeter

blowowyrgaventer b uses @abavaliel cphmdesropsratoh systemshavipgyreduced volume
seal ; a second flange seal disposed on the second

retractiph §thg@paratorssysteimefl ¥igereg dg8)isighters shorten cod diseplssabpiraulic fluid
housi ng; and a second body seal disposed on the

than a seventotxdiowoat peatntaghsng ngagationaltdperdter systaanel The use of the
oper at or housi ng, wherein the second fl ange seal

locking eodand eBdiag Sbaive rigeld aanrgemneny radst providean simpdidiedngcking system
di aneter of the second body seal. 4. The hydraulic

when cohiparad! topraMertine el Rickingddyseh@l. m 3 furt her
conprising: a first slack fluid chanber fornmed within

[0046] Fgurki 1 BlilleRskal arbloowst Pechptreanclt 2e0fidupled k@ngevelihead 202.
seal and the first body seal; and a second sl ack

Blowotil Hledett@ARRRk 0V BBSpWEdshh NolvBe sBRRORSLAPIST 2049 and an upper stack
housi ng between the second flange seal and the second

assembPP D065 @Rl lower marine riser package. Lower stack assembly 204 comprises a
wellhead connector 208, ram blowout preventers 210, annular blowout preventer 212, choke
and kill valves 214, and hydraulic accumulators 216. Upper stack assembly 206 comprises
annular blowout preventer 218, choke and kill connectors 220, riser adapter/flex joint 222,
control pods 224, and collet connector 226. Collet connector 226 provides a releasable
connection between upper stack assembly 206 and lower stack assembly 204. Hydraulic
accumulators 216 are mounted to frame 228 that surrounds lower stack assembly 204.

[0047] Therefore, the preferred embodiments of the present invention relate to apparatus for
improved ram-type blowout preventers. The present invention is susceptible to embodiments
of different forms. There are shown in the drawings, and herein will be described in detail,
specific embodiments of the present invention with the understanding that the present
disclosure is to be considered an exe}npliﬁcation of the principles of the invention, and is not
intended to limit the invention to that illustrated and described herein. In particular, various

embodiments of the present invention provide systems that allow a reduction in the size,

weight, complexity, and fluid requirements of ram-type blowout preventers. Reference is made

12



5. The hydraulic bl owout preventer operator of claim4

wherein the first and second slack fluid chanbers are
wopems/4d2e surroundi ng environnent. 6. The hy@cauiske7/018166

bl owout preventer operator of claim3 wherein the

cl osure nenber is noved to an extended position by a

first volume of fluid being disposed between the first

fl ange seal and a second end of the first operator

housi ng and the cl osure nmenber is noved to a retracted

position by a second volune of fluid being disposed

e first b seal gnd the first e
to the aPPb%”c“"BpPéJnl%? EFNRBIS e Presont FRENOR LRI 1t Glagant preventers, but
reventer op%rator of cIa|n11 further, co i sing
the usefoif tlg concgpis of &he Q}p@t ylv&pg% dsopt lipiggd oén%g\ﬂppycatlons and can be
di sposed within the first piston, wherein the first
used f%la@E\%h‘?rsaPPB%aé’PF“é aagluding joghey subseathydeaulis sappmentst is to be fully
piston; and a first lock rod rotatably coupled to the
fecogmﬁ@fbﬁlabﬂu: diffpreatiteacyingnefade emtiodimente discyssed belowvmay be employed
wherein rotation of the first lock rod translates the
separat¢lyog in giyemitablesombinasiondo prsiute desiregiresulin; a second
sl eeve slidingly disposed within a cavity di sposed
[0048] Aihelembadireerge setrfdripilston aravner«dy mishratise end do sbebindt the scope of
rotationally fixed relative to the second piston; and
the inventrecantic ldoks taateinotlatdlllbe appugpiiaed that eayhehet modifications and
t hreadedly engaged with the second sl eeve, wherein
improvemtatsito nhodistibeurs deedinl nhadcCke frade twithast déwstihd GofeRNope of the
sleeve relative to the second piston. 8. The

inventibty or ahd irovehtioyvRoticeptseh@BircdisOReER! Bec@lseGhadyvdrying and different
further conprising a notor coupled to the first |ock

embodifRits ma$ be Tl Widiindhd Scdpl OPIRY inRERTVRIERicePIREath Whught, including
claim8 wherein the notor is also coupled to the

equivalsRCRRRnreCkr iBfbrials hereafter thought of, and because many modifications may

be made in the embodiments herein detailed in accordance with the descriptive requirements

of the law, it is to be understood that the details herein are to be interpreted as illustrative and

not in a limiting sense.
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10. The hydraulic bl owout preventer operator of claim
9 further conprising a transm ssion operatively
coupl ed between the notor and the first and second
| ock rods. 11. A hydraulic bl owout preventer
conprising: a body conprising a bore therethrough; a
cavity disposed through the body and intersecting the
bore; a closure nenber noveably di sposed within the
cavity; a first and a second piston rod coupled to the
cl osure nepber and extending through a bonnet that is
V¢G5 RIMeDd st he body, the first and second piston rods
belng noveabl e relative to the bonnet during operation
t% e the closure nmenber; a first piston coupled to
Tt @y'?P@%U%M§FBWV?W8r%ﬁﬁﬁﬁiuV@§§ngartiaIIy di sposed
debmmnnanbéﬂst oper at or housi ng conpri sing one end
d.relative t the bonnet and a second

oupl
ai’ﬁs p@goﬂqugﬁoT%e OHRREAOSHREIEETS t he first piston
adiosrpperses hauding sdmbiatly can@nd cbupled arid m«egeelaﬁuedoa bonnet and a

c;eo(f‘lg %qd Qb?{gi&f o l e\ghérgmw?e H%? ;g‘ gt%g rg& e%]ds rgy%p gue%tonnet

east par i'Spose PhPR G FY
intoreifiry openator |h9usnrgg anes endegide piavedntheftioneet dushgoparetion to

n‘FerHéecl&%ﬂegﬁkm%Q,d a second end coupl ed to the head,

wherein t second piston conprises a second body and
afirss pistocroLpla dethe fi &52 pistpiigoth ol alubast paitielodispqsed withindhe first

ofdrate} ﬁ%&'@arﬂglwﬁérreH}ﬁé fl%@ﬁ’@(oh%b%n@esséﬂﬂ@%& g‘ﬁﬂ%\l\ﬁst ﬂange

coup | e first and second ISt onr
aﬁﬁ@@@%@? fodiompled toatke a|0rsyre§mh>ﬁrowh%@ thengeqong §t3t°éi'rf§d

cGBERE albritOBinEIQEE: that is parallel to a longitudinal axis of the first piston rod;

a second operator housing comprising one end coupled to and fixed relative to the
bonnet and a second end coupled to the head, wherein the second piston rod extends
through the bonnet into the second operator housing and is moveable relative to the
bonnet during operation to move the closure member; and

a second piston coupled to the second piston rod and at least partially disposed within
the second operator housing, wherein the second piston comprises a second body and a

second flange.

2. The hydraulic blowout preventer operator of claim 1 further comprising a support
member coupled to the first and second piston rods, wherein the support member axially

synchronizes the first and second piston rods.

3. The hydrautic blowout preventer operator of claim 1 further comprising:

a first flange seal disposed on the first flange and sealingly engaged with the operator
housing;

a first body seal disposed on the first body and sealingly engaged with the operator
housing, wherein the first flange seal has a sealing diameter greater than a sealing
diameter of the first body seal;

a second flange seal disposed on the second flange and sealingly engaged with the

second operator housing; and

14



13. The hydraulic bl owout preventer of claim 11
further conprising: a first flange seal disposed on
the first flange and sealingly engaged with the
operator housing; a first body seal disposed on the
first body and sealingly engaged with the operator
housi ng, wherein the first flange seal has a sealing
di aneter greater than a sealing dianmeter of the first

R A aFEeal s LeRaEr ARy Hha RISE0, B AEAC
SEg iOﬁgr;atcaﬁQUSIaa,@gwmmtfwwyo%ngq sepeomwriens a $raling diameter

gRRED hnROChLIIRNGiarRE bPBk e bHRaRRYd swit h the second
oper at or housi ng, wherein the second fl ange seal

conprises a sealing dianeter greater than a sealing

4dTrwmhteJuﬁ@Bmwat@t ;ﬁ'@@é?ﬁ@f lo@_@l‘éYO{%?féibifré :ﬁ Iftthel Bemghisthgaul i c
revent er. of cl aj urther conprising: a

1o SR I B do Cles HBI P e P aub o P RS GR IS st
flapersabiaindibe sistbodyedeareand t he first flange seal and the
first l; A | ack, fl ui.d chanber
PRI N HE e EE S B BF L PR GO HtRe U BBRMarR e
sgeod fidndd saabendsihalseaond Hokde ssd@cond body seal .

5. The hydraulic blowout preventer operator of claim 4 wherein the first and second slack
fluid chambers are open to a surrounding environment.

8. The hydraulic blowout preventer operator of claim 3 wherein the closure member is
moved to an extended position by a first volume of fluid being disposed between the first
flange seal and a second end of the first operator housing and the closure member is
moved to a retracted position by a second volume of fluid being disposed between the
first body seal and the first end of the first operator housing.

7. The hydraulic blowout preventer operator of claim 1 further comprising:

a first sleeve slidingly disposed within a cavity disposed within the first piston, wherein
the first sleeve is rotationally fixed relative to the first piston; and

a first lock rod rotatably coupled to the head and threadedly engaged with the first
sleeve, wherein rotation of the first lock rod translates the first sleeve relative to the first
piston;

a second sleeve slidingly disposed within a cavity disposed within the second piston,
wherein the second sleeve is rotationally fixed relative to the second piston; and

a second [ock rod rotatably coupled to the head and threadedly engaged with the
second sleeve, wherein rotation of the second lock rod translates the second sleeve

relative o the second piston.

8. The hydraulic blowout preventer operator of claim 7 further comprising a motor

coupled to the first lock rod.

15



15. The hydraulic bl owout preventer of claim 14
wherein the first and second slack fluid chanbers are
open to a surrounding environnent. 16. The hydraulic
bl owout preventer of claim 13 wherein the closure
menber is noved to an extended position by a first

vol unme of fluid being disposed between the first

fl ange seal and a second end of the first operator

QWHﬁ%LQE doh/BEt &E%’t’ér%p%‘f@%? cl%?nuggf\éggﬂtﬂe 310%1"“5 Qigf) Eipled

posi t’i on a second volune o I Spose
Kﬁéﬁﬁ@%ﬁ@ﬂﬁ%rp¢rst body seal and the first end of t he
first operator housing. 17. The hydraulic bl owout
@reventer of claim 1l further conprising: a first

| eewdraulicilaypyt rapvspiss eBenaior i ¢laie LhNihencodipsisiag ed

trihdrilégiort GiRrdtiveSlcolbIed 88wl Blcahot &@) the Fisk a8d 8&Rd Ictk rods.
rotationally fixed relative to the first piston; and a

first lock rod rotatably coupled to the head and

1. mamﬂbyoao&mga@edeméﬂdmmphelngi rst sleeve, wherein
rotation of E%Q%h Iock rod transl ates the first

a bP%ye?/oénR'r{éslngﬁ tQ/Oée ré’u?’l rst piston; a second sl eeve
a shviglidpbyediihspgh dee badyrand naeusa@tmgyhe:lb@ppsed within the

a%%gﬁ'@%é?ﬁ%try ve%gdgéﬁsedh\ﬁth?qetﬁg n%v:t?zl eeve Is

rotati ona s5econd piston; and
a first aicom dedand pistadrod soap! edhiothe oleplirednanabetr laed ketaddiagthrough a

obBEeRdE L Aepataduth) id 1R RS0 R R MiBE Do
reftiveirethe &pangt deringondiationde o1ede fiestomnire megiberhe

a hﬁéfjﬁrrétlkbg Fﬁu;ﬂé@i@ﬂlﬂ% ;ll%g Eléfglﬂter&'}' ?rg’cf at%éaét IH&rnitglEyf dﬁﬁo@@& w&thm a first
operator housing comprising one end coupled and flxed relative to the bonnet and a
second end coupled to a head, wherein the first piston comprises a first body and a first
flange; and

a second piston coupled to the second piston rod and at least partially disposed within a
second operator housing comprising one end coupled and fixed relative_to the bonnet
and a second end coupled to the head, wherein the second piston comprises a second

body and a second flange.

12. The hydraulic blowout preventer of ¢laim 11 further comprising a support member
coupled to the first and second piston rods, wherein the support member axially

synchronizes the first and second piston rods.

13. The hydraulic biowout preventer of claim 11 further comprising:

a first flange seal disposed on the first flange and sealingly engaged with the operator
housing;

a first body seal disposed on the first body and sealingly engaged with the operator
housing, wherein the first flange seal has a sealing diameter greater than a sealing
diameter of the first body seal;

a second flange seal disposed on the second flange and sealingly engaged with the

second operator housing; and
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19. The hydraulic bl owout preventer of claim 18
wherein the notor is also coupled to the second | ock
rod. 20. The hydraulic bl owout preventer of claim19
further conprising a transm ssion operatively coupl ed
between the notor and the first and second | ock rods.
21. A nmethod for operating a bl owout preventer

conpri sing: supplying hydraulic fluid to a first and
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that supplying hydraulic fluid to the housi ngs causes
14. hleuemyata@llelaWSutmréIeﬂfér bPElgint m ﬁ;ﬁﬁé}&ioatpﬂs@gu ally

t.he housi_ngs a

% e i g atmes ot MbiniBs Mk SRarr e i id Baeeh ine gt

flargeceapireidhe fmsthayrsehr and zi ng the nmovement of ht he
i er.at.or. housin The

SR 3 o RE! L ee oS R ratiTionr D8 aotren e
senepp dangenssaband tbesptand uodyeemh pi ston via the piston
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15. The hydraulic blowout preventer of claim 14 wherein the first and second slack fluid
chambers are open to a surrounding environment.

16. The hydraulic blowout preventer of claim 13 wherein the closure member is moved
to an extended position by a first volume of fluid being disposed between the first flange
seal and a second end of the first operator housing and the closure member is moved to
a retracted position by a second volume of fluid being disposed between the first body
seal and the first end of the first operator housing.

17. The hydraulic blowout preventer of claim 11 further comprising:

a first sleeve slidingly disposed within a cavity disposed within the first piston, wherein
the first sleeve is rotationally fixed relative to the first piston; and

a first lock rod rotatably coupled to the head and threadedly engaged with the first
sleeve, wherein rotation of the first lock rod translates the first sleeve relative to the first
piston;

a second sleeve slidingly disposed within a cavity disposed within the second piston,
wherein the second sleeve is rotationally fixed relative to the second piston; and

a second tock rod rotatably coupled to the head and threadedly engaged with the
second sleeve, wherein rotation of the second lock rod translates the second sleeve

relative to the second piston.

18. The hydraulic blowout preventer of claim 17 further comprising a motor coupled to

the first lock rod.
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19. The hydraulic blowout preventer of claim 18 wherein the motor is also coupled to the

second lock rod.

20. The hydraulic blowout preventer of claim 19 further comprising a transmission
operatively coupled between the motor and the first and second lock rods.

21. A method for operating a blowout preventer comprising:

supplying hydraulic fiuid to a first and second operator housing each coupled at one end
and fixed relative to a bonnet, wherein a piston comprising a body and a flange and a
piston rod coupled with each piston and extending through the bonnet are disposed
within each operator housing such that supplying hydraulic fluid to the housings causes
the pistons and piston rods to translate axially through the housings and relative to the
bonnet, translating a closure member to which each piston rod is coupled; and
synchronizing the movement of the pistons through the operator housings.

22. The method of claim 21 wherein the movement is synchronized by a support
member coupled to each piston via the piston rods.
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