WD 2008/ 024264 PCT/ US2007/ 018159 FLUI D SAVI NG BLOANOUT
PREVENTER OPERATOR SYSTEM CROSS- REFERENCE TO RELATED
vAPRIobAABEONS [ 00011 Not appli cabl e. STATEMENT per/us2007/018159
REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[ 00021 Not applicabl e. BACKGROUND OF THE | NVENTI ON
100031 The invention relates to nethods and appar at us
for controlling pressure within a wellbore. In
particular, certain enbodi nents of the invention
FLEFD SAVING BBHO WO U BRE V] BRI BAER ANH O
ramtype bl owout preventers. 100041 Bl owout preventers
are used in hydrocarbon drilling and production
operations as a safety device that closes, isol ates,
and se&l@QS%EEERM B RAPud TER AR CARIQNS
essentially l|arge valves that are connected to the
[e001] Nl appbeablaind conprise cl osure nenbers capabl e of
sealing and closing the well in order to prevent the
r el eaS@ANFEMENTE RIZCARRING FRIERAJLL ¥ SKONSORED

well. One typ I ext ensi vely
in both |OMIaﬁ%ﬂﬁFQH§§$§Q§€¢§Xﬁ§%§PP¥§$&bnS is a
[0002] Nearmapplipabldl owout preventer. A ramtype bl owout
preventer uses two opposed closure nenbers, or rans,
di sposed wi t BACHGIHEOUNID IOF (Tt gNVENTIGNNg, or body.
The bl owout preventer body has bore that is aligned
[0003] Tie nviehdonmetlabore. nlggpeseshc appirbes foRt@hselling! Peeshot ewithin a
~ and support the rans as they nove into and out of the
wellbord) hepartfoud@Nb@tain Smbodmetieelr the ithetibe d¥mpeibe hitehoddtagll apparatus
end of each cavity and supports an operator system

for operdthite RhOWpd@ToWdie phdicafré equired to nove the rans
into and out of the bore. (00051 The ranms are equi pped

[0004] BYolldub Eiﬁﬂv@ﬂ@rs”ﬁ@h%ﬁ ith NRtar&RIRGL AtiBinRl MY Pidaubli®Woperations as a

through the bore when t'he ranms are cl osed. The rans

safety d5@Ye BBt BIREs, [@Mes, Wik GRaR1Be GRNDHQUT B woRt %k&%ﬁteﬂqﬁr_e essentially
seal an annulus around a pipe that is disposed wthin

large vali8 QY e UnnBBYd B8 B VADIHeAIBNE coM}RRE! %sure 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 lc‘nw 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.

{00051 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

seal an annulus around a pipe that ts disposed within the bore, or may be blind rams or shearing



1 WD 2008/ 024264 PCT/ US2007/ 018159 blind rans, which
are configured to close and seal the entire bore. A
weptdogombey drilling application may require ap@pikRbYo1s1s
of pipe rans and blind rans. Therefore, in many
applications nultiple blowut preventers are
assenbl ed into bl owout preventer stacks that conprise
a plurality of ramtype bl owout preventers, each
) equi pped with specific type of ram (00061 mt I~
blind rapRoMNAD B (RHIBREL 4p ISP A STRG sty .BT%e%;?éﬁﬁ‘gaE drilling
usi ng .pressurized hydraulic fluid to control .the N
applicatign Sy SAUISE 2 VRBSRY|of PRcramE #HE P4nA &aE- VREIEETEHB Py @pplications
. Al t hough nost bl owout preventers are coupled to a .
multiplef blaivgup pngyenters G astentreds étpRIowglt Peevghiep stacks thategpmprise a
hydraulic fluid, many applications require a certain
pluralitnadlremreypé blorasis preaverigrsh yapbagninped Mithe wmschis tyee efem.
- and i medi ately available to operate the bl owout )
(0006] Rarextgie blowant tiivevendse and oBmercgafieyted Ppdre ererpisieusing pypssurized
subsea operating specifications require a bl owout
hydraulipritniéne epntselabk positive ofithe closereopembergirelative fp e bore. Although
cl osure nenber between the extended and retracted ]
most blgyasit bromhtesearercaliplet itore Suidspurgp onbymp pthes astivesduldewil gressurized
, stored on the stack assenbly. In high-pressure, l.arge
hydraulial s Uhapy Spdicheonssqaike aseesih voksye ebmessalizid hpdredtic fluid to be
gal l ons of pressurized fluid may have to be stored on
stored abl emBicitkelycivaiiblago hpthtsitechlandutipicgtiter Bsthescané b emergency.
the system [00071 Because many subsea drilling _
For exa@pl), hialisOhsalopariting shhefisisens teduire gebloivaneireventdrisglrk to be able -
. pressure bl owout preventers, the height, weight, and
to cycld @, aubl € af divéde neGHbéretERRES e Ehesded dldowaatied position) several
preventers is an inportant criteria in the design of

times wtiAE SIOWREEsuBLEY SN @lPor8d brOthd B@ck GkidnhtlNg I @St -PRbsure, large
operate them Thus, the enbodi nents of the present -

blowoul ﬁx‘,é%ﬁtjeroﬁa&f es@inbB64, lvdd hified YRR TWREsuREQY BTG Sy have to
. that that seek to overcome these and other limtations

Qfontthestall 1P 1R hotWMVRRY eh 5k S RERERBE R tem.
beSKneEﬁgéDI%%NT§ fHOgSE Certain eﬁ%oﬁinents of ?%gnpresent

(o071 BBYSRL irﬁ&l)ih@ﬁﬂ)éégedlﬁliﬁég&rpg%z&tfbngl&&@i‘r‘é thE Q¥ Mfearge diameter, high

operator that conpris pi ston rod having one end

pressur& URLSGH ﬁ'rgvéltgr]s,ow ReiBRMAL ght] A8d ARREAIRS fluid requirements of these
blowout preventers is an impolrtant criteria in the design of the blowout preventers and of the
drilling rigs that operate them. Thus, the embodiments of the present invention are directed to
ram-type blowout preventers that that seek to overcome these and other lirnitations of the
prior art.
SUMMARY OF THE PREFERRED EMBODIMENTS

(0008} Certain embodiments of the presené invention incluéle a hydraunlic blowout preventer
operator that compriges a piston rod having oné end coupled to a closure member. The operator
further comprisés an operator housing having one end coupled to a bormgt and a second end

coupled to a head, The piston rod extends through the bonnet into the operator housing where

!



further conprises an operator housing having one end
coupled to a bonnet and a second end coupled to a
wieads/ g pi ston rod extends through the bonnepct/atdor/018159
t he operator housing where 2 WD 2008/ 024264

PCT/ US2007/ 018159 it is coupled to a piston that is

di sposed within the operator housing. The piston

conprises a body and a flange A flange seal is

s coufle RS sfpg?t%{? g ﬁ?ééﬁﬂ%ﬁ Aibafe §§%ﬁ or% HrERocER THop frgmerises o
body ang 8 Harkg. ArRTES Sl USErURde 4 SEtet Aal i) SRUCE cneeged with the

reag er than a sealing dianeter of th eal . .

operator fReEBE. T(E0U Bl d% SBPERL OB o BPSE A Iafse%hé%ﬁpgaged with the
i.nvention corrprl se_a conbj nation of features an

operator igysingades flapgs seah higs 8 sealpgrdiameiar 2waKks #@@rﬁeffﬁahaz diggeter of the
operation and control of a ramtype bl owout

body segbr event er. These and various other characteristics and
advant ages of the present invention will be readily

[0009] TEppathenexaneplaosmbedimensyl of prashet Wmventipo §or@ade dgeameination of
foll owi ng detailed description of the preferred

features gnih edvardages thdt enhbleisubstantiiad enhabemnent ef therdpsgpticanendeentrol of a
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE

ram-typORRWNGPréGB1g) Torse andovragiove oflidr eflamctieisticannd agvatages of the
the present invention, reference is nade to the

present Zamﬁpan\yilh@eﬁegd'ﬂgsa,pm gbnthofOBkl)edFirguine att hpom reading the
ramtype bl owout preventer constructed in accordance

followingi delniledhizdéripgitinsof the prdferrpd esbodimanvest ihennvdidh2hd by referring
Figure 2 is a cross-sectional view of a hydraulic

to the acopepahying idravanget ract ed position and constructed in
accordance with enbodi ments of the present invention;
(0013) Fi gBREER DESERIPTIONSOTITHEADRWWINGSS t.he
hydraul i c operator of Figure 2 shown in an extended,

joo10] RO Deleed dp@Bed wBBers(08ik4 loffthe Wr@edt invedtion, reference is made to the
cross-sectional view of the hydraulic operator of

accompdrlyl B gdres NoM&teind an

o011} Figure 1 is a ram-type blowout preventer constructed in accordance with embodiments

of the present invention; | '

{00121 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;

feo13} Figure 3 is a cross-sectional view of the hydraulic operator of Figure 2 shown in an

extended, unlocked position;

[0014] Figure 4 is a cross-sectional view of the hydraulic operator of Figure 2 shown in an

‘extended and locked position;

[00151 Figure 5 is an isometric view of a double ram blowout preventer constructed in

accordance with embodiments of the present invention;



extended and | ocked position; [0015) Figure 5 is an
i sonetric view of a double ram bl owout preventer

wionesoueted in  accordance with enbodi ments of peh€s2007/018159
present invention; 3 WD 2008/ 024264 PCT/ US2007/018159

100161 Figure 6 is a schematic conparison view of a
single cylinder operator and a parallel dual cylinder
oper at or; (0017) Figure 7 1is a cross-sectional view of
der draulic op tor constri.cted in
DR WL T o ingRaSURAe ARRHEF aRd @ parallel
00181.. Figure 8 is a cross-sectional view of the

dual Dyhfi‘églic’pceﬁt?ﬁder hydraul i c operator of claim?7; (0019)
.9 1s a parti ross ,secti,onal. view of a notor
10017] I‘Fﬁ%et r i8-8 eSS pERH fﬂ& Rl dea) GyHader hyfyeisuenesator constnicted in
ator coristructed in accordance wth enbodi nents
ac:cordar&g YiHbeppedigpnts ¢hienpiest 5ERBF gure 10 is an end
ew.of the operator of Figure 9; and 100211 Figure
(0018 Fﬂ‘ms‘?' i§ amf%%oﬁ?ﬁh?rraéwm ofihe fuadieylinderiydyen iDEPAILEDS claim 7;
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS (0022) In the
0019]  Figwier ige Bartipheress sriienwes vien ) palorend tensmiskied for a dual cylinder
t hroughout the specification and drawings with the
hydraul% SH%V a%’éﬁ@?@ﬁ@éﬁ%ﬁé?f&?ﬁ%ﬂwr@ﬁ:p@@bwmews oftilee phressuit gy ention;
gures are not necessarily to scale. Certain
10020} Elé'é‘iedroéi% apend Niew ﬁ%ﬁpp@ﬁtonaﬂ?@r@sﬁmd exaggerated in
ale or in sonmewhat schematic formand sone details
(0021} Iagur@dﬁvéﬁtbﬂwmtmms@cmemty be shown in the
interest of clarity-and conci seness. (00231 Referring
AdIAI LE R DESQRIBTHON OF [FEY PREXEREED MMBOOINBITS
12, bonnets 14, operator systens 16, and cl osure
[0022] IpdivbdescripTionBbalyfollaws,dily pgBsarb anakdBthropgiase the specification and
cavities 20, and upper.and | ower bolted connections

dranngQ witho rtha%mdﬁ&fa@naﬂ diutriepdis) rSpERDRENt STIRD AYSvingNg gures are not
bel ow bl owout preventer 10, such as in a bl owout

necessarfly ¢v endler Cuiradik fassendy the iBOANRISMAH beRESWA WREEH 16 in scale or
body 12 by connectors 24 that allow the bonnets to be

in someweataekembnio Mrbhendadye details of conventional elements mway not be shown in
the interest of clarity and conciseness.

{06231 Referdﬁg now to Figure 1, blov\;out preventer 10 comprises body 12, bormeté, 14,
aperator systems 16, and closure members 17. Body 12 comprises bor.e 18, opposed ca:\rities
20, and upper and lower bolted colnnectiens 22 for assembling additional components above
and below blowéut preventer 10, such as in a blowout prevénter stack assembly. Bonnets 14
are coupled to body 12 by connectors 24 that allow the bormets to %')e removed from the body
to’ provide access to closure members 17. Operator systems 16 are mounted to bonnets 14
and utilize a hydraulic piston 26 and cy}iﬁdez' 28 arrangements to move cio%urc members 17
through cavities 20, into and out of bore 18. ’

{0024] Figures 2-4 illustrate one embodiment of an operator system that reduces the volume

of fluid needed to cycle the operator by utilizing significantly less hydraulic fluid to retract

8



to provide access to closure nenbers 17. QOperator
systens 16 are nounted to bonnets 14 and utilize a
WY 8008Mbd264 Pi Ston 26 and cylinder 28 arrangenmenpsry€o07/018159
nove cl osure nmenbers 17 through cavities 20, into and
out of bore 18. (0024) Figures 2-4 illustrate one
enbodi nent of an operator systemthat reduces the
volune of fluid needed to cycle t he operator
ut|I|2|n significantly | ess draulic f|luid
then to e¥ieptiot OPRAS PO G4BCROPREPA USoURITIED 28151 1 Rapplrc to closure
extend. Operator system 30 is nmounted to borihet 32
membera?rﬂd Preratolflyslgm ePrapds Pistondhap. BatondFe caegfordipysiag 40, head
rises piston rod 36, piston 38, operator housing
42, slldmg dewad4, aad leg Hidndp.s Pistare 38 gomprigey Bedy A8 dmddlange 50. Body
. Pi ston 38 conprises body 48 and fl ange 50. Body sea
seal 52 Zircpinferenfidhesvirainds body dBiradsl bradinshhs cagnries experatell ousing 40.
engages operator housing 40. Flange seal 54
Flange scif ddinframeferendlally ssmonodmlande Hhyel $Gliagly swakengberator housing
engages operator housing 40. The sealing dianeter of
40. Thefscakigpedisprier®™f flapgt avad &4 it hagertthen $eakaimg dikeneetr ©f bodly seal 52.
body seal 52. 100251 The engagenent of body seal 52
[0025] "Huderddagagentsefibobdseal 51 and @aagoscdh Gdsiig odlrathir\Hodeisg 40 divides
the interior of the operator into three hydraulically
the intetiSobAtiedosdtanbént, theed Bpdacialifeikolated clsnttedts, fdxtérdll chamber 56,
chanber 60, and retract chanber 64. Extend chanber 56
slack fliié chakhbRds®ehveeRadieftnbéd2sanHxichar8emsenbs hdforka¥d 8Bveen head
port 58 provides hydraulic comunication wth extend
42 and GhapbedeabB4, SlEaedndl hetk &b Rahgss Bdras1E WorRBuhiBatidie with extend
annul ar region defined by operator housing 40 and

chambePb8! (a8 fluid BBANBENsH® 88 YorsRal indSdcalithuldraReRnS®Hneadby operator
Slack fluid port 62 provides hydraulic conmmunication

housmgmd adbatdn 88 yh beaharifidytQal RetahaciangBakess 641dck fluid port 62

formed in the annular region defined Dy operator
prowdeé1 QY &iRG e AdrAREnRLEEL Wid slalk b@&iﬁ’e&ﬁn%gyéo S8&ltrae cBRHber 64 is

bonnet 32. Retract port 66 provides fluid

e SOPRERL OOt by Mg Bfand 088154 sotwean ooy
seal 52 %ﬂ fbl)Hﬁ& ﬁoﬂﬁgﬁhcga}% 'rP@6 g%‘&n\{@%slaﬂgﬁég{o%h%ec% éﬁ’l(’j iq\ﬁ%u%nga& chamber

I'S 1ég
64, Lhe

00261 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 oﬁ the
configuration of the hydraulic fluid supply and control system, fluid expelied from the e}-‘:tend
chamber 56 and retract chamber 64 may l;e recycled into the hydraulic fluid supply or may be
vented o the surrounding environment. Slack fluid chamber 60 may be pressure balanced
with the surrounding environment such that the fluid pressure within the slack charnbér does
not resist movement of piston 38. In certain embodiments, slack fluid chamber 60 is left
open to the surrounding environment o;' coupled to a pressure compensation system that

maintains the balanced pressure within the slack fluid chamber.



configuration of the hydraulic fluid supply and
control system fluid expelled fromthe extend
whankesep and retract chanber 64 may be r eCyCi)@P'/Us,ﬂfo%owisg
the hydraulic fluid supply ,or may be vented to
surroundi ng environmnent . Slack fluid chanber 60 nay be
pressure balanced w th the surroundi ng environnment
such that the fluid pressure within the slack chanber
does not resist novenent of piston.38. In cgert

100271 13 G 8ReerPRST(oF 3EHOM) 1 & LOMDEY 2 6643Eed Bpsition sdivTy B‘St‘m 38 s
t he surroundi ng envi ronment, or coupl.ed to a pressur

disposed; g dies g~ sggmvéwng PAESSURETth Pydaalic ﬁ’é‘“b&? 8%‘1*8%‘&1 port 58 actuates
pressure within the slack fluid chanber.

operatorgysimn M eul POVEEFINeT 5818799d begpet732.| n‘\‘FPIjLHIe 38 moves toward
operator system.30 is shown in a retracted p03|t|on

bonnet 33 dhied piitbirostaggilivisl chaibgp 8@ ds Q@@eﬁ ghropgla dlagle fluid port 62 and fluid
Suppl ying pressurized hydraulic fluid to extend port

within réBacicthaatbes 64oparahat theysglestB0t gnd Gfov &hepilgt qrusB8l from slack
toward bonnet 32. As piston 38 noves toward bonnet

fluid chB3Aberf 6@ avid wittdek nhahelod hay decletaitrel in6d) hiydraplis hesdrvoir or ejected
t hrough slack fluid port 62 and fluid wthin retract

to the surhandéte & ifchnpushad Hydralighnets agiplieard effend Thember 56, piston
fluid pushed fromslack fluid chanber 60 and retract

38 will engihe to fbvamyitiDtherpidtan Bestatts banfistdand isGhb s an Widiire OF
ejected, to the surroundi ng environnment. As hydraulic

[0028)  Bddalick pRtEFPhiuetmb e thetsand ahardigindetiurfigsdx@hsiodSand retraction,

- W ll continue to nove until the piston contacts bonnet

the diffedéhcedt fivsd Shi@ivemientsHh getieved b d)lﬁﬁﬂ§l smallBE gt eterMyStailic area for
38 nust nove the sanme axi al stance during extension

retractiodNghah edxt@EidnO N Thist hevdiddesenar tequirbibletts @EMtS BB RESGuced total
is achieved by using a snaller dianeter hydraulic area

volume f@Tfluilehb G FRRIENAD ¥l Gfbratbhis§sibADBLARER Qf extended and a
fluid requirenents results in a reduced total volune

‘retracte®pobitidhd TrhatredSorioR oM fe%%r%@ %8| W1 MRS RO & _Ipcééﬁﬁ Sferest in

be tween an extended and retracted position.

subsea Jpﬁﬂggtﬁdr@rbﬁ&e é@gghﬁ%e r%céﬂﬁjen\f&lty e';rBYatQ &eosftorr%rgg Gk ﬂrge volumes

terest In ea app ati1ons ere erfor
ot i S ST, PR ERE o 1 T L B B v
e ope 5, AT O TLHSL BRI BB e ESSPRETR! o g o b

stored vurl%hul!hg bﬁ&%ut%‘?gge%téz%s?e%bly. : -

[0029) Using a smaller diameter hydraulic area for retraction has the added benefit of
generating less force during retraction. In certain situations, the force genelrated by the
operator system in moving to the retracted position is insufficient to move the closure
member but exceeds design loads for-certain components of the system. In these sitnations, if
the operat‘or system is actuated some components within the system may fail. Therefore,
reducing the force generated during retraction helps to minimize damage when the operator
system attempts, but fails to retract a closure member and heips prevent un:{ntentional release

of hydrocarbons by preventing the opening of the closure member when under pressure.



stored wth the bl owout preventer assenbly. 100291

Using a snaller dianmeter hydraulic area for retraction
w@sookleseflded benefit of generating |ess forCﬁcﬂ@gﬂm@msbg
retraction. In certain situations, the force generated

by the operator systemin noving to the retracted
position is insufficient to nove the closure nenber

but exceeds design | oads for certain conponents of the

stem In these .situa operat or sy
10030) Aﬁhwm DA Tors RADEREREY WA DiEREYe BHpapbDeations slso
fail, Therefore, . reducjng the fqrce nerated durin

require 3 gephatipd) dosleITherdeh aMAIAE dheiposijen itk %‘?ﬁéﬂ%mes n the case
system attenpts, but fails to retract a

of loss qﬁéw@é@u ligrRTeHarp s ThPilgb it PR ALY mqkowaqonr% Iéé’:f’ém%“ﬁ sliding sleeve
hydrocar bons by preventing the opening of the closur

44 is rovitiphalty fitiedh relptanes tom@tgg@%eandathmdg@w%gg%wlth lock rod 46, which
PCT/ US2007/ 018159 [003Q) Although operator 30 is

is rotatahbst emipball toyhelag diza Blidingpslessuitemonehgxialiy Falatind torigclaredb46 when
require a nechanical lock in order to maintain the

the lockpodiig fadatedf t he cl osure menber in the case of |oss of
hydraulic pressure. In order to positively | ook piston

[0031] Bfeinmgoewt foofigusd #domg siseavid mbives SowatdabéroehBRylock rod 46 is
fixed relative to piston 38 and threadably engaged

rotated. wWirhé thresdedr engadmenthofchck red K6taati ablingciemleed tanskets sieeve to
42. Sliding sleeve 44 maves axially relative to l.ock _

move axially ddatiem th lecld rodk LiooH rod 46 dd adtadd uhGDSddveRef @mtaatgshoulder
now to Figure 4, once piston 38 noves toward bonnet 32

68 of plsesik38 ad i¢Ghéwn in Tigiredt. SBhigidghsleadess engagespntndbiston 38 and
| ock rod 46 and sliding sleeve 44 causes the sleeve to

prevemm@é/@ma&hehddffth@ ftdvaviprbhendmek3z od. Lock rod 46 is
rotated until eeve 44 contacts shoul der 68 of

{0032} ’@hé Hﬁga&% e?fx%agén&ﬂ%moémr&l B 08d Glidink istHeNg 48| &3¢er Wdking’ to the
engage and piston 38 and prevent the novenent of

extent tﬁﬁkeam%l%% Y D NenRe 1 BRotkB32 IheTii&vehERBYE %o the lock rog.

engagenent of |lock rod 46 and sliding sleeve 44 is

Thus, wlfe%l éhdu‘i’é Kiede 4t40ﬁst1gecon@3%tt Skh tsﬁé‘ﬁld@lx b&l pikRLCH: 8N ptdiRnted From

ding Sl eeve w not rotate the sleeve relative to

el Bk oy TSl 00  BOUBLA0 B Uyl 5,
pressure within extend chamber 60 can b‘e reduced and piston 38 will remain in the extended
position. In this manner, sliding sleeve 44 and lock rod 46 operate as a locking system that
can be énéaged to prevent closure member 34 from opening unintentionally. Although only
shown in the fully extended and locked position, sliding sleeve 44 can engage and lock
against piston 38 in any position. |

[0033] In order to move operator system 30 back to the retracted position of Figure 2,
hydraulic pressure is first applied to extend chamber 56. This removes any axial compressive

load from sliding sleeve 44 and lock rod 46 and allows the lock rod to be rotated. The

rotation of lock rod 46 moves sliding sleeve 44 away from shoulder 68. Hydraulic pressure



novi ng away from bonnet 32. Once sliding sleeve 44 is
engaged wi th shoul der 68, the pressure within extend
Wi aikeE4260 can be reduced and piston 38 Wl refBusdofoisise
the extended position. In this manner, sliding sleeve

44 and | ock rod 46 operate as a | ocking systemthat

can be engaged to prevent closure nenber 34 from
openi ng uni ntentionally. Although only shown in the

can thenc%glgﬂggég I}gﬁ%ﬁ?z grplbg cgtgg?]g%) %clbgrlgtgrg ﬁ)l%lgIll %ﬁ Q%ﬁg owaxd téklxe retracted
p03|t|on 100331 I'n order to nove operator system 30

position i Fkewre 1t he retract ed position of Figure 2, hydraullc

pressure is first plied to extend chanmber 56,  Thi

- [0034) h@#ﬁ@ééﬁaﬁw Wpﬁﬁe%gnﬁr‘@g@ﬁw elpgga motgrs SyiEpig motors, or ofher

sl eeve 44 and lock rod 46 and allows the |ock rod to )

' rotating tlevices.atle dertgineembestimenisn thsf Wotrrkis robly dreu i Wiesoxs thiagl icpgy provide
sl eeve 44 away from shoul der 68. Hydraulic pressure 7

15,000 WOh280848 262 8qRCT/ ISPUNTE 03 8108Y ' roglaAb t iseepupdedaipl inetpr 72 via
to retract chanber 64 so as to nove piston 38 back

transmissmmagystetth@0 thett tacsfeds mposn ficonthefmeliogtr thellock @@B4Higure 4 shows

: Lock rod 46 can be rotated by a variety of electric.

motor 7A0bgIng difeydy dinked todbak sod 66 witheut a2 nohatisnprdeytans. In certam
In certain enbodinents, the notor is a hydraulic notor

embodirh&stt, A spitei e PIquQ@aﬂdh&btq%G’Qnﬂ’S?igiretAmrq @quippkd with backup
Figure 3, lock rod 46 is coupled to notor 72 via

systems tthE e 1vs $1aP0aiSysek &10n76F fdaRtroll MENSIRS & Pk iremofdlP Bpdaced vehicle
notor to the lock rod. Figure 4 shows notor 72 bei ng

(ROV). dithe GOy Ll @@ wsed| 8 CkippBand@amiit HREA od eldoBiedYi fsHe@No operate
system In certain enbodinents, both system 70 of

motor 7E0HBE@dPeaned FOdiRctl otk MelWb@44. are equi pped with
backup systens that all ow nmanual operation of Erick

{0035} AQ @15@@3se§ tﬂ,@é\u@&;l}byop@ra&sﬂws@érﬂ 3@&%&{&%& %ﬁ‘e@ﬂl&‘ely (“Ff@é)uuhzmg a

coul d be used to supply hydraulic fluid

smaller @Jy@?&u‘h'ccﬁ’lea REMEL AcBoRPERASr eﬁ%@fon7gecgﬁsec a4k Cfoﬁ% #SEQuired to
to directly rotate lock rod 46. 100351 As di scussed

retract &591&130;&[}?1}11)6% ?%S{hgho{g n%yﬁ% nthg crlgﬁjlrﬂ? gﬁgjﬁxg&gﬁ Igt{)fﬁ%t W¥Bbdre. The
mulmtlgrg;cﬁ?lﬁggptrboit Iﬁl%n o{a&ﬁto?)(é}%@éh Ofby bg Cr%}%é&pk eﬁ'l‘?)vjo%f .C;ﬁ'eireilter is often
determined by the hydraulic pressure area that is required to close the wellbore under foll
working préssure. In high-pressure applic;ations, the diameter of the operating system is often
larger than the height of the bonnet that is coupled to the blowout preventer body. As many
ram-type biowout preventers are constructed with multiple rams operating in a single body
with multiple cavities, the diameter of the operator system often determines the overall height
of the assembly as the individual cavity openings must be spaced apart to allow clearance ‘for
the operator aséemblies.

{0036 Figure 5 illustrates a double ram blowout preventer 80 comprising parallel dual

cylinder operators 82 coupled to body 84 by bonnets 86. Operators 82 utilize two smaller

diameter hydraulic eylinders to provide an equivalent closing force to a single, larger



retract closure nenber 34 than to extend the closure
menber into the wellbore. The nmaxi mnum di aneter of the
wpeioshencpystem for a ramtype bl owout preVentﬁéTﬁ@zmwmuna9
often determ ned by the hydraulic pressure area that

is required to close the wellbore under full working
pressure. In high-pressure applications, the dianeter

of the operating systemis often |arger than the

dmeter&%%@f%%?yﬁ%%zO%%a%g?ﬁ%% F9HR Bistiin “isirtn alipys sdjscent
s 55 BT T TILS LR SO 01 B . i

t he operator system often deter qlnes the overall

height atyapapred Wmummwgt Sorfend ﬁa*ewmph%é‘?
openi ngs nust be spaced apart to allow cl ear ance

[0037) “&m@a@fﬁg@ doarcylisdenpnaraisrs $pasethemgitallyglipstaied rraﬁ%lrf‘aﬁ where
doubl e ram bl owout preventer 80 conprising parallel

area 90 thva¢sentsythe miessuspercatafrsinge cybogeipving pdergeghiamggter 92. A dual
bonnets 86. Operators 82 utilize two smaller dianeter

cylinderhymraion icrapyésentidrioy aosaprh handnasmadlar vigrasier 8p osPifgneter 96 is
force to a single, larger 8 WO 2008/ 024264

selected RGTH UB2 0BT t@4I8469 94 difdmih duahgpiraterd s adylbdshdanal tosiray 90 of the
smal l er dianeter hydraulic cylinders allows adjacent

single ldrganiddract8s cybnde. | doapredidel a)$eb$t@g@tllye¢qtsmalbmapressure area, it is
bl owout preventer body 84 has a m ninum height as

believedniagistee (Ph &t wygaroxingpely COhnsots dianBferfitd Fowskample, a seventeen
connection 87. 100371 The parallel dual cylinder

inch diappefradperstoB2ambe rsgheahby aal dperitbl hetingtpadalich tielper i@ch pistons.
where area 90 represents the pressure area of single

Calculat@otsi sig@esthdxi Bgs aediRtigf dbcesmete theORiniAncapaciny lhendesn adjacent
operator is represented by areas 94 having smaller

cavities Glod{TBdvehte8R indHea tRtvdlvOfiches. sel ected' such that the
total area 94 of both dual operators is at |east equa

"10038] FiQuRk §amdB Bhustri@ onsisNeh BartkBEOS, B8NSl R4tof Wat BRBfeathfes reduced
provide a substantially equivalent pressure area, it

fluid vohine REILENSGnd iRl rdugﬁc}l]ﬁadép%é}éﬂoﬁifﬁéﬂi 100 %brhp 8RS is mounted
di aneter 92. For exanple,” a seventeen inch dianeter

to bonn@tpﬁffj‘&rﬁf c&ﬂﬂrlgl% ae8d @éraﬁﬂlgoé’ﬁfr@%%rld)ﬁVE@& operating cylinder
paral l'el twelve inch pistons. "Calculations suggest

104 co ﬂ}?stes bidtsh o%dﬁ%t b1 868, aRRetof HSusHN 10RiERBGI NG e 112, and lock
et ween a j acen

rod 114. Each plston rod 106 is coupled to support member 116 that couples to a closure
member (not shown) and ensures that pistons 108 remain axially synchronized. Cylinder
head 118 is coupled to both housings 110.

10039] Each piston 108 comprises body seal 120 disposed on body 122 and flange seal flange
124 disposed on flange 126. Seals 120 and 124 sealingly engage operator housings 110 such
that the housing is divided into an extend chamber 128, slack fluid chamber 130, and retract

chamber 132. The sealing diameter of flange seal 124 is larger than the sealing diameter of

body seal 120 such that less fluid is required to f{ill retract chamber 132 than is required to fiil

extend chamber 123,



cavities fromseventeen inches to twelve inches.

[00381 Figures 7 and 8 illustrate one such parallel

wy bioBdenspperator that also features reduced pé4id2007/018159
vol une for retraction. Parallel dual cylinder operator
system 100 conprises is nmounted to bonnet 102 and
conprises two parallel operating cylinders 104. Each
operating cylinder 104 conprises piston rod 106,

oo B0 Al U0l 00 L1 00SLSEHE L2, e

upport er . 116 that couples to a closure nenber

as Opefaftﬁ‘g%%%%?%aﬂab%mﬁgi%@thi&ugqso?r@ JyeigBtfaPnoperator system is
axi al l'y synchroni zed. Cylinder  head 118 is coupled to

shown R "?%?%%Hg%ndl jerkedopagtiona chli¢ing t Deeveo812 diptisengeged by first
.body seal 120 di sposed on body 122 and fl ange sea

pressuriging faendighanipes é%g deroggh fextanderorp 34 sechthenieatingdloti4od 114 so
seal i ngly engage operator housings 110 such that the

that therddepyierrgores wmardsylinderohead &38.efdhashslidbes skke8e !9Paiskdisengaged,
fluid chanber 130, and retract chanber 132. The

pressurizechfliidgis dbpliest Growgh fatranypors 436 td Petrdct chambar 132hafihg heessurized

. _sealing dianmeter of body seal 120 such that |ess

fluid filfipgiretracs obeopbier 32 twilF ndvermstoactOSc trewdrd rhehd21 tthamd ipall support
required to fill extend chanber 128. 9 WD 2008/ 024264

memberPQTy 108260761018 169 unfiD 0g&dtdPaysteinel OCdigdh tley hilnd@tracted position of
operator system 100 operates in essentially the sane

Figure &equence as operator system 30 described in relation
to Figures 2-4. In Figure 8, operator systemis shown

10041} Operator eyttemdeed andethaaidenh pRSkhitbRibd Sheithmof Hgaeer b 2applying
is disengaged by first pressurizing extend chanber

hydraulit Ihid Mrougheaxi@pertAG/1o bRfbnaRBahben 20t Ak biGon 0K ndRes toward
114 so that the sleeve noves toward cylinder head

bonnet LG fluneehsl s1déi08usd eRMELek IR0 8 ALBRNGRASH slack fluid port 138 and
pressurized fluid is applied through retract port 1%6

fluid witthn F@tdoaehaibaMY ishRRned MG oREL St 268 176, Uit fﬂiﬁkeda{aﬁ%ed from

retract chanmber 132 will nove piston 108 toward

slack fluld 8h@ABlePH0 aRURRQEL chBER AR 2 1 8y hg \A?Eﬁeg RSyt Qfic reservoir or

until operator system 100 is int y retracte

ejected RORlkihBufding RhOHbAnS8nt. Once piston 108 is fully in the extended position,
lock rods 114 are rotated so that sliding sleeves 112 engage the pistons and prevent
movement of the pistons from the extended position.

[0042) Support member 116 ensures that pistons 108 and piston rods 106 remain
synchronized during the operation of system 100. The hydraulic system that supplies fluid to
operator system 100 may also be configured to supply hydraulic fluid to the operator system
in such a way that pistons 108 remain synchronized while moving.

[6043) Referring now to Figures 9 and 10, operator system 100 may further comprise drive
system 140 that rotates locking rods 114 to move sliding sleeve 112 into and out of locking
engagement with piston 108. Drive system 140 comprises motor 142, transmission 144, and

ROV override 146. Drive system 140 is mounted to head 118 with motor 142 disposed

10



100411 Operator system 100 is returned to the extended

position of Figure 7 by applying hydraulic fluid
wadisel.extend port 134 to extend chanber 128. P@‘FIU82007/018139

pi ston 108 noves toward bonnet 102, fluid wthi

slack fluid chanber 130 is pushed through sl ack quid

port 138 and fluid within retract chanber 132 is

pushed through retract port 136. The fluid pushed from

slack fluid chanber retrac hanb 32 b ;
general eBfec hefer fiRavtes 1 0 ?@5&% f wﬁw Py S’F@éh¥ddm¥Fe efectic,or
surr.oundi.ng, envi r onnent, . e 1 is fully
other maigt 5 COURIER Ip ﬁa%ﬁne%ﬂnt”f* goi o Bttt fén%lswed 44 Gomprises a
. t sliding s]eeves 112 engage_the pistons a
plurality 0 gests TargOHORELGEORHE TPGF a3 (PriaRPEdos i dhddaveride 146 is
position, [0042) Support nenber 116 ensures that -
Posmonfﬁl & gndo EB%Waﬂ?ae% 151the cpwt tpgary efvmpter W2rerihe sipRly of fluid or
during the operation of system 100. The hydraulic
power t%’}?t@%ﬂr h&vexifspl 4eemay prrdde &or difset meohanigal telation Of tragsmission
al so be configured to supply hydraulic fluid to the
144 or ngpyepraviske foydeariernal supply of hydyaulieluighios powsr tbOBotoEERN
synchroni zed whil e noving. [00431 Referring nowto
[0044] FheglertsesOoihd aboye dpwribtd opewpsiranysitflembydifnentdmny be used alone
conprise drive system 140 that rotates | ocking rods
or in coggetatien. nbve esdmplienthesiedeses! ddi@mientoadctivth autiratof of Figureg2-4 may
, engagenent with piston 108. Drive system 140 conpri ses
be used ir¢@nbihdBon withndrilediinnrddddhd diting REM-eOMek kidagddént as shown or
Drive system 140 is nounted to head 118 with notor 142
may be déspeibbthdoviing Q8 264 RCll BR2B0MEEBH%Ad sliding sleeve lock
general |y between operator housings 110. Mtor 142,
arrangeméntcdunny ubel avitty dited loperat@l &Gtdnhe or @k otldrNEpedBF Okear actuated
is coupled to transm ssion 144 and override 146.

systems. TrERSparsi¢lasylibddr 6p8MIdr$§6tet mRhWIA bé Yis&f 110681es abPRdations and
rotationally couple notor 142 to |ocking rods 114.

with oth€Vgphed SEpideh dnd cyliadél 4s0RaB1iS0as3Fell & GhbOWREGSTStehR.
the case of failure of notor 142 or the supply of

[0045] Al'tlhﬂl%hofhesé’%[zrésoca%hﬁe NREQin SMEF bhSiecalidhs, MY @é’s@%{béjc? features

for direct nechanical rotation of transm ssion

provide TRYyREQVIADhOf: When Qeq iR ombiRRliYn, Of AO%dr @%gxﬂ;ﬂ f latﬁo%ble ram

or power to nmotor 142. [00441 The features o

blowoutaﬁ’f‘é\é@ntgﬁ%?z[t' hed PReLAle rcy?ﬁ/lﬁ&e BHEARQ LIRS SR P&iuced volume

used al one
retraction (the operator system of Figures 7-8) is lighter, shorter, and uses less hydraulic fluid

than a conventional blowout preventer using conventional operator systermns. The use of the
locking rod and sliding sleeve lock arrangement also provides a simplified locking system
when compared to many conventional locking systems.

foods] Figure 11 illustrates a blowout preventer stack 200 coupled to a wellhead 202,
Blowout preventer stack 200 comprises a lower stack assembly 204 and an upper stack
assembly 206, or 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 acoumulators 216. Upper stack assembly 206 comprises

11



or in cooperation. For exanple, the reduced vol une
retraction operator of Figures 2-4 may be used in
woihsoabson With the | ocking rod and sliding sb@ﬂwgﬂm7mun59
| ock arrangenment as shown or nmay be used with oth

| ocking systens. Simlarly, the |ocking rod and

sliding sleeve |lock arrangenent can be used with

ot her operator systens or in other types of linear

s S PR AR D andGEaA AR, gy AL Ky e o 22,

her t

| i nd
—E oot 2B, B R B ot
tures can be ys ot her applicatigns,
connectigl Y G PeR Hrc SN égéaa@yf?é\‘egl ik Sdsamaly 204 diydrautio

used_in conbi nati on, As an exanp a doubl e ram

accumulgiogg 2l ft argraQiered fo fipme 238 dhat é“ﬁﬁ\f‘%‘ﬂﬁ Jewet §lapk assembly 204,
gper at or syst em havi reduced volunme retraction (the

10847 Liseslareo ﬂlesgr@fee"rﬁdoemwgmew of By present itvention sHgetteapparatus for
and uses less hydraulic fluid than a conventiona

improved kaide plosnah Pegventsin g The pvasont iomeitionpe susasptisleso embodiments
The use of the |ocking rod and sliding sleeve |ock

of differgpty Smye ndiereaheoshomorvindds drawingp) drfd beteinowkll hg deysibedhin detail,
when conpared to many conventional |ocking systens.

specific jp@pglimentg uef the rirkdens tinegndionawithotieuingerstaadingr that ab& present
200 coupled to a well head 202. Bl owout preventer

disclosuxstiad be @onsderpd iagesxemplifivatiorsofibk paimsipids of BO4mamtoanand is not
upper stack assenbly 206, or |ower narine riser

intendedpacikaiyehe owatios ta tkat diseniddyatDdesefibed b, aln particular, various
wel | head connector 208, ram bl owout preventers 210,

embodinamnslofinthd ppsevent iprepuemntpesvidd ystemekBat aléhw ki kédéBbY 88 the size,
214, and hydraulic accunul ators 216. Upper stack

weight, angeetity a20 BukDRRGIreAents bt rdi1BR086 08338 4venters. Reference is made
PCT/ US2007/ 018159 annul ar bl owout preventer 218,

to the appliok®nadThk lcbhcé}‘a@kﬂ@ﬁ&% gyi‘&egtz&weﬁtlo%etb @ARHE dW &Y preventers, but
joint 222, control s 224, and coll et "connector

the use e cGRehRloraRY B%Eﬁﬁng&ﬁmﬁ lebgﬁéutﬁ% 'Ecﬂlﬁeg% ng}hfg ions, and can be

connection between upper stack asse omer

used for%@%h&sa%%ﬂpﬁﬂon%qgiclu@ﬁ%r&Héﬂ ibs&C Ll 0Ly Pr%%ﬁt 2t9s to be fully

mounted to frame at surrounds [.ower °s

recogruz@f‘f’ %%J?Aeyd@@?en% 1%%6& s DRRILLRD Sl cﬂgc Fferdr‘c?e?ow may be employed
nbodi nment s resent I nvention

separate@Qﬂ% HyshifaBle combination to produce desired results,

{0048] The embodiments set forth herein are merely illustrative and do not limit the scope of
the invention or the details therein, It will be appreciated that many other modifications and
improvements to the disclosure herein may be made without departing from the scope of the
invention or the inventive concepts herein disclosed. Because many varying and different
embodiments may be made within the scope of the inventive concept herein taught, including

equivalent structures or materials hereafter thought of, and because many modifications may

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

12



I nproved ramtype bl owout preventers. The present
invention is susceptible to enbodi nents of different
wWoramsn24bhere are shown in the drawi ngs, and hepeims2007/018159
will be described in detail, specific enbodi nents of
the present invention with the understanding that the
present disclosure is to be considered an
exenplification of the principles of the invention,
and .i ot .intende o, limi the invention to,th .
of the 12 1t & Fo B madylsSR 88 e geriTb hesefiore ¥ BR syt o Blussrative and
.__Narious enbodi ments of the present invention provide
notin a PR SENSE At ol | ow a reduction in the size, weight,
conplexity, and fluid requirenents of ramtype bl owout
preventers. Reference is made to the application of
the concepts of the present invention to ramtype
bl owout preventers, but the use of the concepts of
the present invention is not Iimted to these
applications, and can be wused for any other
applications including other subsea hydraulic
equipnent. It is to be fully recognized that the
different teachings of the enbodi ments di scussed bel ow
may be enpl oyed separately or in any suitable
conbi nation to produce desired results. 100481 The
enbodi ments set forth herein are nmerely illustrative
and do not Iimt the scope of the invention or the
details therein. It will be appreciated that many
ot her nodifications and inprovenents to the
di scl osure herein nay be nade wi thout departing from
the scope of the invention or the inventive concepts
herei n di scl osed. Because many varying and different
enbodi nents may be nade within the scope of the
i nventive concept herein taught, including equivalent
structures or materials hereafter thought of, and
because many nodi fications may be nmade in the
enbodi nents herein detailed in accordance Wth the
descriptive requirenents 12 WD 2008/ 024264
PCT/ US2007/ 018159 of the law, it is to be understood
that the details herein are to be interpreted as
illustrative and not in alimting sense. 13 14

13



Clainms Wiat is clained is: 1 A nmethod for actuating a
hydraul i ¢ bl owout preventer operator conprising:

supplying a volume of hydraulic fluid to a first

ext end chanber disposed wthin a first operator

housi ng so as to nove a clos“{e menber into a bore of

a bl owout preventer, wherein'the first extend chanber

is formed between one end of the first operator

(ﬂgyﬁéng and the engagenent between the first operator
ousing and a first end of a first piston, which

conprises a flange and a flange seal; supplying a

Whibtugelaihelydraulic fluid to a first retract chanber

di sposed within the first operator housing so as to

nmove the closure nenber out of the bore of the o

bl owbuefas\fenaetuatinga hyrrRulindlawewpreantecerasatorsemprising:
is forned between an opposite end of the first

oper usi ts fir

oper SrBEVRRLE VRRRAEEr b B SRR R HrefFABRE chilfe Rposed

whi ¢ wvithonp fird epestboliyusinylsa ab dol ynsead cloand mbevber into a bore

the first_end of the first piston conprjses | ar ger

ai amel & B PR IRton Rl dhe (et BISE 53 DR dpcfgrmed

t hat beleearoloneeefll &Y eHeadirdtCopbiaitst hBUBRY T B8H ttRe t &Ryagement

first retract chanber to nove the closurée nenber out

of  PRBVaRSY the drst eperafeiaipusing aod entrsbendyadrafirst giston, which
flui g?@gﬁgéé QQIahg?taﬂa aff‘fa{ ; Sbe%t end chanber to nove

t he ure nmenb Into t ore. 2. The nethod of

claim1 further conprising opening a slack fluid

chanbepplyingaa soluno oflihpdraelivifluah e at first rerast abkimblenidkposed
the first, o erahgére ousi

chamber. formed. wi thin . n

bt wadhn e et atoraii heUSBAC LAt BrovEHEe catee Member out of

pi st @ bdke of the blowout preventer, wherein the first retract chamber is
formed between an opposite end of the first operator housing and the
engagement between the first operator housing a second end of the first

piston, which comprises a body and a body seal; and

wherein the first end of the first piston comprises a larger diameter than
the second end of the first piston such that the volume of hydraulic fluid
supplied to the first retract chamber to move the closure member out of
the bore is less than the volume of hydraulic fluid supplied to the first

extend chamber to move the closure member into the bore.

2. The method of claim 1 further comprising opening a slack fiuid
chamber to a surrounding environment, the slack fluid chamber formed
within the first operator housing between the first and second ends of the
first piston.



3. The method of claim1 further conprising rotating a
| ock rod threadedly engaged with a sleeve slidingly

di sposed within a cavity wthin the first piston and
rotationally fixed relative to the first piston,
wherein rotation of the lock rod translates the sl eeve
relative to the first pistoﬁ-’. 4. The nmethod of claim
3 further conprising rotating the lock rod with a

not ox e urther. rising:

suppl y| ngTangvrgI u[%@o%{ 4@/@ aul't %h?rl 8#@%98"@”%&%% lock rad
ext end ch%@dedlﬂ@ﬁ@@@aﬂwﬂhmme@ Sﬁiﬂn%gl dpRisat aithin a cavity
housi ng so cl osure ne wherei n_the

. AS
second exi"’@ﬁ'&l1 tgﬁé‘ﬁ%é’ﬁ’t?% af‘@rr?rté'éloni‘}é‘tﬁki@é'rfe[%'ée&@eofﬂm piston,
t he secongnherss abt@tioM 8 HdBcRMSY Er‘éﬁsla?é&gtﬂgeé?éﬂfe reiaélve to the

bet ween the second operator housing and a first
of a secofigt pistaron, which conprises a flange and a
fl ange seal; and supplying a volune of hydraulic fluid

to a,seco r t h gl dIS osed. wi t

secofta oponatShATeL ol Uy BARETIH hiHBeclE seck rod with
menber oud nodtot.he bore of the bl owout preventer,

wherein the second retract chanber is forned between

an opposite end of the second operator housing and

t he engagthentethed aeeaim {i Herthercmeprisig at or housi ng

and a second end of the second piston, which

conpri sesg Sﬂ?\gg%gavncﬂur%e cffgfi“c 7384 nggéc%ngi %ﬁgétﬁclérchamber

end of th prston ¢ n'pr ses'a P&r gy
t han t he dieposed evitthirofa sheorse opedatpr Stouemgue@ dsh&d e the
vol une of ﬁ%rdr aul i c fl

id.s lied to the, s
ot ract _cRamE: Maasy efeit BB ARt eiBRs SGamtss s armed
bore is | i@@t&e’eha@nbh%nmobﬁnﬂleOfsé&Béﬁtﬂ abbé@ator housing and the
engagement between the second operator housing and a first end

of a second piston, which comprises a flange and a flange seal;

and supplying a volume of hydraulic fluid to a second retract
chamber disposed within the second operator housing so as to
move the closure member out of the bore of the blowout preventer,
wherein the second retract chamber is formed between an opposite
end of the second operator housing and the engagement between
the second operator housing and a second end of the second

piston, which comprises a body and a body seal; and

wherein first end of the second piston comprises a larger diameter
than the second end of the second piston such that the volume of
hydraulic fluid supplied to the second retract chamber to move the
closure member out of the bore is less than the volume of hydraulic
fluid supplied to the second extend chamber to move the closure

member into the bore.



fluid supplied to the second extend chanber to nove

the closure nenber into the bore. 16 6. The nethod

of claimb5 further conprising opening a slack fluid
chanber to a surrounding environnent, the slack fluid
chanber formed within the ﬁiond oper at or housi ng

between the first and second *tnds of the second

pi ston. 7. The nmethod of claim®6 further conprising

gf ot a " ' |

%11 aihory Pl o D AEFEcthc A OREiRaM Hiof 1k Rber o
pi st ansumelindin@ateinginanrhgnt, i tkedsiaed diuid ehtmbehdomeabdvdthin the

Phe. SFeutLoEhly oLy HnePen bR rspacy icork] 8 2 second
met hewtef. claim 7 further conprising rotating the |ock

rod with a notor. 9 A hydraulic bl owout preventer

oper ator conprising: a closure nenber; a first piston
r od Fﬁaelmgthédfofrfé@méﬁdfuetbaplcea!pﬁglngaro@atmlgo@ ueek rashtiweadedly

f
5 bosTgaCRrhth & LR e384 Witk £GP AR e R cond
sai dpistarsangratationallydixestretatise tda kreosegonthestoanmaerein rotation

d d first pi d, i t
et BeoBERR R el bt TRt Rab e Wl
a first p|ston at least partially disposed within said

8f I 1 StheOP@ERIdS kST Afither WBRTRIsMgSBtinkithSTodRi sl %th a motor.
conprises a body and a flange, wherein'the second end

of said first piston rod is coupled to the body of
9sai dAfhyidsaulicgileweut: pravantesepdrabngengsisingdi sposed on
the flange and sealingly engaged with said operator
housjin a flrst body seal disposed on the body
and &¢& g:isuﬁegﬁvm

a first piston rod having a first end coupled to said closure member:

a first operator housing having a first end coupled to a bonnet and a
second end coupled to a head, wherein said first piston rod extends
through the bonnet, wherein a second end of said first piston rod is at
least partially disposed within said operator housing;

a first piston at least partially disposed within said first operator housing,
wherein said first piston comprises a body and a flange, wherein the
second end of said first piston rod is coupled to the body of said first
piston;

a first flange seal disposed on the flange and sealingly engaged with said
operator housing; and a first body seal disposed on the body and sealingly
engaged with said operator housing, wherein said first flange seal has a

sealing diameter greater than a sealing diameter of said first body seal.



engaged with said operator housing, wherein said first
flange seal has a sealing dianeter greater than a
sealing dianmeter of said first body seal. 17 10. The
hydraul i ¢ bl owout preventer operator of claim9
further conprising a slack fluid chanber fornmed wthin
said first operator housing et ween said first fl ange
seal and said first body seal. 11. The hydraulic

v B T S O B0 0 Pt At i o
envi s@ckdinid chanbdrtferrhyd ngthln Saib fiestpergoelemsieg between said

tor of claimo wherein said cl mber |
rove it 82598 SRl NS4 {SHABRY 58% £ i on and a retracted

position relative to the bonnet. 13. The hydraulic

l o nt fochal [ ' ;
A oer MRARR Sbn oAb AN BHCR qper bl bl QNI heRh said stack
fir sfludathambesfs épen t delmgundlihg posicachrbettween sai d

first flange seal and a second end of said first

er at or, housi and said closure nmenher i.s noved t,
12he he rya e Halh ek SRvEyeL BE o R N PS5 4ia closure
bei nehethisfroRe thdiRbpRE Mesdsh fdr Sikteriedy p6&iadn adil theetracted
first end of said first operator housing. 14. The

hydr ae$ifien piatieute the &p8Reer operator of claim 9
further conprising: a sleeve slidingly disposed wthin

13,2 RIS HHLA TR h Lo Hhor AT 48 cosue
firsmemiEronmaeard ta the ektanolédrpatsitoabiby a diestplofdne of flniel being

head ,and t hreadedl vy _enga with said sl eeve, ecein, .
ot affBRot BRI Sak F5E Ttk otoal drdsarsrea el of Salt s
r el abpar@tdrohogeind dnidr shidpeBboR ndmbdhr Mglieduid ene retracted
bl owout, preventer operator of claim 14 further

conpPPii¢iy Py a peeend Melupe sidIUig besshrisgosed datweepsrid first
rod. hody seal and the first end of said first operator housing.

14, The hydraulic blowout preventer operator of claim 9 further comprising:

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

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

15.  The hydraulic blowout preventer operator of claim 14 further comprising a

motor rotationally coupled to said lock rod.

16.  The hydraulic blowout preventer operator of claim 9 further comprising:



16. The hydraulic bl owout preventer operator of claim
9 further conprising: 18 a second piston rod coupl ed
to said closure nmenber, wherein said second piston
rod has a longitudinal axis that is parallel to a

| ongi tudi nal axis of said fjrst piston rod; a second
oper ator housi ng havi ng one d coupled to the bonnet,
wherein said second piston rod extends through the

bonnet, . ' : i.ng; .

SO SsebPhPpERT SRSARL @PEIALRG NS 0, s cecon
di sppstxh md has a lsagithdeaicmds dpstriatparalled vs iangngitidindlhaxis of
hydr aul.i.c bl.qwout , preventer operator of claim 16

wher 87/f TSHRISQREN A piston further conprising: a

second fl ange seal disposed on said second piston and

seal hrRgkynd gﬁ&%&ﬁ‘%d{‘ﬂs% [$Rlity Eﬁégﬂg c‘éHSFeatththé‘BHﬁﬁé‘tg'n herein

and a second body seal "di sposed on said second pisto
and 8Sagl senpng pistyaged aatendss dhwugkcibrdbopwmtainte said second

housj rein. sakd second flange seal has a
oSSl 4

seal | greater than a sealing dianeter of
said second body seal, 18. A hydraulic bl owout

pr evandeeond @igion Sobpled ® baidysdvavidngs@nbedeand disposed within
t her et hrou a cavity disposed through said body and

. h,
i nt efd @?Pg@d PRYaHYIWUSING. | osure nenber noveabl y

di sposed within said cavity; a first piston rod having

fi i I t
18T RSP A 60300 Iy oo
oper giston fhgbei eampréisimgig a first end coupled to said

bonnet, wherein
a second flange seal disposed on said second piston and sealingly
engaged with said second operator housing; and

a second body seal disposed on said second piston and sealingly
engaged with said second operator housing, wherein said second flange
seal has a sealing diameter greater than a sealing diameter of said
second body seal.

18. A hydraulic blowout preventer comprising:
a body having a bore therethrough;
a cavity disposed through said body and intersecting the bore;
a closure member moveably disposed within said cavity;

a first piston rod having a first end coupled to said closure member; a

bonnet coupled to said body adjacent to said cavity;

a first operator housing having a first end coupled to said bonnet, wherein

said first piston rod extends through the bonnet, wherein a second end of



said first piston rod extends through the bonnet,
wherein a second end of 19 said first piston rod is
at least partially disposed within said operator
housing; a first piston disposed within said first
oper at or housi ng, wherein safd first piston conprises
a body and a fl ange, wher ei n'% he second end of said
first piston rod is coupled to the body of said first
pi st [ f n
B 93 Fabin JoBo8” af TR AR RRE FikpBRel AR GRAIE operator
al ongowsifg;r st di aneter; and a first body seal d|sposed
on the body and sealingly engaged with said operator
hou5|qg$alon a second di ameter, wherein the first

t

di andt'E$t Rigion digrased (\WtHN said st gpRraiprdinusing, wWhereimsaid first
hydr ﬁfé{dnccd?ﬁ&‘f@éta BB@Y@H& &t a(ﬁfgecbvﬁ F&rjr?é-fé’éédﬁ%rend of said first

conprising a slack urd arrber orrre w thin sal
f i r spistperast isr counied ng tbethmieynofsaasd first pistort, |aafigd fsge seal

d T
or v ARPEOLPT (e Mg S S seaho agHPA It Fait PR nousing
chanbleng iasfirsipdiarmteteraasdr r oundi ng envi ronment. 21. The
hydraul i ¢ bl owout preventer of claim 17 wherein said

cl osure nenber is noveabl e between an extended

posi 2if6F koY %e*’i‘leq'?%f&e@dobd%? g 3l aealngly gngaged with said
bonnsfsera%% ho-[ﬁﬁwd“&%héué 's%c@rhc?‘é@é%et@F e\)&ﬁé‘rteﬁ"f tmi ngtadlé%eter is

wherei n said closure nmenb I's nmoved
exteﬁdﬁﬂfb®@tﬁa$ﬁ0dm¢dwﬁﬁeﬁﬁt volune of f|UId bei ng
disposed betmeen said first flange seal and a second

oore T8 lhcPby B B Bnierc Rh el o Tt ponSHRAG ustack
voI uitsid @hafiber dorbedchgitdins$aa didsthsicren heabithgl bhatekehadid first

seal _and
flange seal and said first body seal.

20.  The hydraulic blowout preventer of claim 19 wherein said slack fluid

chamber is open to a surrounding environment.

21.  The hydraulic blowout preventer of claim 17 wherein said closure member
is moveable between an extended position and a retracted position relative to the

bonnet.

22,  The hydraulic blowout preventer of claim 21 wherein said closure member
is moved to the extended position by a first volume of fluid being disposed
between said first flange seal and a second end of said first operator
housing and said closure member is moved to the retracted position by a
second volume of fluid being disposed between said first body seal and
the first end of said first operator housing.

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



the first end of said first operator housing. 23. The
hydraul i ¢ bl owout preventer of claim 17 further
conprising: 20 a sleeve slidingly disposed within a
cavity disposed within said first piston, wherein
said sleeve is rotationally fixed relative to said

pi ston; and a | ock rod rotat#bly coupled to said
bonnet and threadedly engaged with said sl eeve,

wherein rotatio f said lLock rod, transl ates.said .. .

ol et Bl foo S hiyldiSRRethGia Fpidirst piston,
bl owatibrem exidnsiedvent rétagibnaiBidedribhReive ¢ 83 i p3dtos; and

notor rotationally coupled to said |lock rod. 25. The

hydraul i c bl owout preventer of claim 17 further _
conpfileskipd eptatebbynepypied i saisdbevghlasd thepaslgrty engaged with
cl osyrie oREDEr wh ﬁetlorl]atﬁﬁl' B S '@nlg%k %atﬁgn&?t@ah@gipasteeve
| ongi tudi nal "axis at 1s parallel 'to a'|longitudi na

axi sratdtivedbdaid piston. pi ston rod; a second operator

housi ng havi ng one end coupled to the bonnet, wherein

ai d_second piston rod extends throuygh the bonnet into
243 dTé%ﬁwﬁaatﬁlﬁeWawaw pf?afegf%ef AEn %sfe@aﬁacam'awg a motor
rt AN Ad colpeaitd sarriBBk rgd. st on rod and di sposed within
sai d second operator housing. 26. The hydraulic

bl owout preventer of claim25 wherein said second
2pi st bhe hydiaulie blovwmwb pravemdgr of dalcohbfurthangempdsing:
di sposed on said second piston and sealingly engaged

ceal = arept BT R Pl ntr o lRbr BRa R ARG S8 second
pietgageichay 4 hofatudingeaRBdhapierRiralel ke dSbMPiuditir BRIsof said first

said second fl ange seal
piston rod;

a second operator housing having one end coupled to the bonnet, wherein
sald second piston rod extends through the bonnet into said second operator
housing; and

a second piston coupled to said second piston rod and disposed within
said second operator housing.

26.  The hydraulic blowout preventer of claim 25 wherein said second piston

further comprising:

a second flange seal disposed on said second piston and sealingly

engaged with said second operator housing; and

a second body seal disposed on said second piston and sealingly
engaged with said second operator housing, wherein said second flange seal

has a sealing diameter greater than a sealing diameter of said second body seal.

27. A method for actuating a hydraulic blowout preventer operator comprising:



has a sealing dianmeter greater than a sealing dianeter

of said second body seal. 27. A nethod for actuating

a hydraulic bl owout preventer operator conprising: 21
supplying a volunme of hydraulic fluid to an extend

chanber di sposed within an operator housing so as to

nove a closure nmenber into &%ore of a bl owout

preventer, wherein the extend chanber is forned

bet ane end, o housi n a first,.

ond SRR o s 1o BuBRGTa Rl I8 8 %sRans frabee gisposed
withit dn taperatorthoasihgchinabead Moseas ebsWd Membdrhifto a bore of a
operator housing so as to nmove the closure nenber out

bgMaU P BIRTESo iGN 1B eI shawmbat & forgrerkatweeneone end of
tHePbpetator HoREHR, ﬁrarid.sa ik %aig?g{g«:gg@ Afy opposite end of

the operator housing a end of the piston,
V\,herel n first end of the piston has a | arger dianeter
t hansuappyisg @owalumedfdfydrdidicHfiudd éma retract chamber disposed within

the operator housing so as to move the closure member out of the bore of the
blowout preventer, wherein the retract chamber is formed between an opposite
end of the operator housing and a second end of the piston, wherein first end of
the piston has a larger diameter than the second end of the piston.



