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WOCORGBB4EEFERENCE TO RELATED APPLI CATI ONS npon MOR/US2007/018159
appl i cabl e. STATEMENT REGARDI NG FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT [ 0002] Not appli cabl e.
BACKGROUND OF THE | NVENTI ON 100031 The invention
relates to nethods and apparatus for controlling

LSS AN Bl O ST kv GPEAR Sk rem

apparatus for operating e ramtype bl owout preventers.
gl oom Bl owout preventers are used in hydrocarbon

drill] ' 0 at.j.aons Sa devi ce
that CROUECRaRERNCE Teh RRIEL YA BB BeARRINS B oo
reventers are essentially large valves that are

[0091] N Gﬂﬂlécé’s’g'd to the wel |l head and conprise cl osure nembers
capabl e of sealing and closing the well in order to
or ovSFATHMENY BEGABDINGF SRONFORER ds
fromthe wel lgr§RAROBORDRBVEIYENVEGYFENt €r used
extensively in both I ow and hi gh-pressure applications

[0002] NqtappliGahie t ype bl owout preventer. A ramtype bl owout
-preventer uses two opposed cl osure nenbers, or rans,
di sposed wi BAGKGR(YY E%QFyTH&I%WEHMi ng, or body.
The bl owout preventer body has bore that is aligned

10003] Thgj entian wipted dp emetogosand epnvirathe Sor popirelive pisssubovathin a
and support the rans as they nove into and out of the

wellbore. o perticalasoreniain ¢rabadimsatstaddhe trvehdombooinpise mkthodsitmt apparatus
end of each cavity and supports an operator system

for operating gtrapriypé Ueosvonhpraventess. r equi red to nove the rans into

and out of the bore.
[0004] Blowout preventers are used in hydrocarbon drilling and production operations as a

;éfety device that closes, isolates, and seals the wellbore. Blowout preventers are essentially
large valves that are comnected to the welthead 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 préventer used extensively in both Ic.)w and high-pressure
applications is a ram-type blowout preventer. A ram—typé 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 cldse and

seal an annulus around épipe that is disposed within the bore, or may be blind rams or shearing



100951 The ranms are equi pped with sealing nenbers that
engage to prohibit flow through the bore when the rans
wWoa0es/@hded. The rants nay be pipe ranms, whi clPErEs2007/018159

configured to close and seal an annul us around a pi pe
that is disposed within the bore, or may be blind rans
or shearing WD 2008/024264PCT/ US2007/ 018159 bl i nd
rans, which are configured to close and seal the

. entire bare. riicul rid. | i apl j.cat i Qn. e i

blind rams, ggl.hC?l - are_canf ﬁugﬁ%y{éo?iﬁsg anfl! idal ﬂ'ﬁggﬁl %}% AN B ular drilling

r I
I'pe rans and b i% rans:

. ... Therefore, in.nmany appli ' [ —
sppticatio PRy angiece ML ebabras it BURY Bt PAcFalbk Mgy spplications
. that conprise a pluraljty.of ,ram:itype bl t :
moliple P B0t PEvEneB o bl (TR ks g, comprice «
. NMNbog Ramtype bl owout preventer e oft.en confi gured

plurality of G &Y R P XOBLPTEETHEFS 60 SP PRt Ry & BEV TS T 2P0
) .contro]_ the position of fhe closur nbers .relative .
(00061 Ramgytyfieeblggiont PRVERETY AT BLEn sreieted ;Sﬁve?ﬁeé?‘sé APE pressurized
. coupled to a fluid punp. or sonme of her actiye_squrce
hydrautic dfuichfo 6artival ABiPA P 6F e PIPSHER meRhers AT I8 [ fre. Although
require a certain vol unge of pressuri?zfgd hydraul i c P red
most blowquf pepverferears cepried o g PRI BYGFT HIVE Spyyoe of pressunize
operate the bl owout preventer in the case of L
hydraulic Shvid, gesny,appHeations apailite 2 ¢RIRA ¥elymepigpessHizgdyhydrautic fluid to be
speci fications require a bl owut preventer stack to be
stored andfinmiediately @yailablg fo eperaipiie MowpwaureniEiBhe sats Rk pmersency.
. .the extended and retracted position) several tines }
For examplsj mgny siysep ppersting spadifidatipus rguired bigwetereteatsg stack to be able -
: assenbly. In high-pressure, |arge bl owout preventer
to cycle Gkqakoas 8 eldsure giendey detwednuiid raxtengiad |apdsreirhcted position) several
pressurized fluid may have to be stored on t he stack,
times using eaily ngedsotiredsifinil atodedvengiie stsduessemibih twehighgqressure, large
100071 Because many subsea drilling applications |
blowout prevgtitérestidkeassanblids, bevegs lindnelt gailonk iof presseizdr finid may have to

bl owout tireventers, the height, weight, and hydraulic
be stored bh thestiidkq bieadn@bbth sife dnlesaight issues with the system.

[0007] Because many subsea drilling applications require the use of large diameter, high
préssure blowout preventers, the height, weight, and hydraulic fluid requirelﬁents of these
blowout preventers is an impo;tant criteria in the design of the blowout preventers and of the
drilling rigs that operate them. Thus, the embodiments of the present ifivention are directed to
ram-jty'pe blowout preventers that that seek to overcome the_:se and other limitations of the
prior art. .
. SUMMARY OF THE PREFERRED EMBODIMENTS

{0608] Certain embodiments of the presen; invention inclu&e a hydraulic 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 bonnfat and a second end

coupled to a head. The piston rod extends through the bonnet into the operator housing where
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bl owout preventers is an inportant criteria in the
desi gn of the bl owut preventers and of the ..
wWOoed/i2ereg rigs that operate them Thus, the erfuIiUSMBOLES159
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
TI LE PREFERRED EMBODI MENTS p0081 Certai n enmbodi nents
it is coupl& to {'BisREBENs di%%géﬁ WRfir B 48atdr RNEHRY! it %&%&(@H&mpﬂses a
reventer operator that conpri'ses a piston rod having

Y
d t: 1F .
body and ?grg?%per Agtg : .%gal i d?sp%gaf Hh %hyﬁ%%r and'18%e 19teﬁéaé$8 with the

I ses an~-operat or ng navi ng one

opersos 53 8 ANRCK PR E RSO0 RN SENRREH Brge it e

t he operator housing where .. WO . .
operator hiyif? CPROAE FAIA G 401106 Slgiter rentar PR SeBng ety of the
bod althat is disposed within the operator housing. The
odyseal hi ston conprises a body and a flange. A flange seal is

di sposed opn the fl ange a is sealingly engaged with .
10009} Thys, e p’f‘é‘F‘é‘_Pg%’Y ﬁ&hﬁdﬁt&gmﬁ S%dp‘f?lg%ai SHBEEEF 8 Fomanation of
features axplyenipeeer it Pl BASUE Uh GarHCEBERS Aigh PRFetigp and control of a

. gireater than a_seal i ng dianeter of the body seal.
ram-type “{ BYOYY PrevERter.¢ Hbess I"é’i‘?“%ﬂ‘%ﬁ Fh%‘ﬁ‘t’@nﬁ‘?csp‘?f& afantages of the
.inventiaon conprjise a conbination of features and .
present mxetigh JGHsbe meadilyn apparenty by tthose; glrilled Hanthenaft upgn repding the
. operation and control of a ramtype bl owout preventer.
following defailed dergriptien of thegmetarredirambedimentsafdbe vention and hyasferring
of the present invention will be readily apparent to
to the accomppaIwingddBWEIEsi n the art upon reading the foll owi ng
detail ed description of the preferred enbodi ments of
t he i nveBRIFEF BESGRIREIQN OFTHB DA VENGHpanyi ng
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS .
[0010) For a more detailed understanding of the present invention, reference is made to the

accompanying Figures, wherein:

foe11] Figure 1 is a ram-type blowout pn?ve'nter 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;

{0014} Figure 4 is a cross-sectional view of the hydraulic operator of Figure 2 shown in an
-extended and locked position;

{0015] Figure 5 is an isometric view of a double ram blowout prevenier constructed in

accordance with embodiments of the present invention;



| oom For a nore detail ed understandi ng of the present

invention, reference is nade to the acconpanyi ng
WOR0A24264 wWherein: 100111 Figure 1 is a ramty6a/US2007/018159

bl owout preventer constructed in accordance with

enbodi nents 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

[6o16] Figand @dis iesihen@fic (BRpRhifteWew &840 cyh Qi Ibelt GULRl 3 ]parallel

s a cross-sectional view of the hydraulic Operator.o
dual cylinddr@pE@tos; Shown in an extended, unlocked position; Mil
' Figure 4 is a cross-sectional view of the hydraulic -

[0017} Figglﬁ’@ ek 9r0r9§s~§:e%:ﬂ+ﬂ view Bf é‘?ilu?f‘ gﬁﬂ}{% %S'{iﬁﬁgc ?Egra{& %léggtnicted in

osition; tools! Figure ew of

acgord'ance\%it' 'eg’}ﬂé,%ﬁ}“%gmﬁteﬁ% NaAL &g gonst ruct ed in accordance

nents o e present invention; WO

o, Q0B PAREE TR AT O LBt St
(0019} Fxg%?g ) % % rpaﬁﬂﬁi craosg géc%'!cbilaellviéj&’l %lf aC Atl;rn éjneJ % renrisasgo%r f:'or a dual cylinder
hydraulic operator constructed in accordance with embodiments of the present inventior;
{0020] Figure 10 is an end view of the opérator of Figure 9; and
10021] Figure 1lisa bfowout preventer stack assembly. _

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0022}) In_tiie descrif)tion that follows, like parts are marked throughout the specification and
cirawings with the same reference nurr;erals, 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 a.some details of conventiopal elements may not be shown in
the interest of clariiy and conciseness,
(8023} Refen‘irig now to Figure 1, blov;out preventer 10 comprises body 12, bonnet-s. 14,
opérator systems 16, and closure members 17. Body 12 comprises bor.e 18, opposed ca;rities
20, and upper and lower bolted co;mectians 22 for assembling additional components above
and below blOW(;lllt preventer 10, such as in a blowout preve;nter stack assembly. Bonnets 14
are coupled to body 12 by connectors 24 that allow the bormets to I.:)e removed from the body
to’ provi&e access to closure members 17, Operator systems 16 are mounted to bqnnets 14
and utilize a hydraulic piston 26 and cy]iﬁder 28 arrangements to move clo'.'surc menibers 17
through cavities 20, into and out of bore 18 ‘

[0024] Figures 2-4 illusirate 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

A
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10017) Figure 7 is a cross-sectional view of a dual
cylinder hydraulic operator constructed in accordance
wOowpes2&sbodi nents of the present invention; t@EET3IS2007/618159

Figure 8 is a cross-sectional view of the dual
cylinder hydraulic operator of claim7; 10019) Figure
9 is a partial cross sectional view of a notor and
transm ssion for a dual cylinder hydraulic operator

than to exbQRST GIRERG: & t@:ﬁcgﬁ g@g:%ﬁm‘f\é& b pohedi #2nha B cduldfed to closure

present 1 nven 1 Figure 10 is an end view of
mermber 3%1 %W%Pﬁ%é'%%éegﬁ?gﬁbﬁ#%g@g?é%@ 9%&5?%%&%&&?%%% head
o gV RORFREAHARS AR A il 30 oo
st 32 SR ERER, e iAl) g rsgw yfe%gfﬁgéesiﬁ»ﬁ%@ fipousing 4o
Fiange sed) S SRR Hab A58 ongg@ 8 b qpprator housng
10, T seiazigégfﬂxﬁgaé&f@%ﬁ%s&%sf% SEiA e e

clarit nd conci senes 00231 Referrin
[0025] Th?.eaaﬁgénf a gf BRI Fe3) PRI g(fcfcéo%w?@e%v%ﬂgy wmg ? 40 divides
onnets 14, operator systens 16, _.and cl osure neng
the mtenorpf the, @perptor gt firee hyfrulically isplaied shamhers egien cﬁhamber 56,
and upper and | ower bolted connections 22 for
slack ﬂmdaré@ew@r Aganskretap To‘ﬁ’é‘m‘@é R orfarend chsarker 20ds gy between head
bl owout eveni er such as in a bl owout preventer
42 and flangec Reaés»%e ntﬁvencismﬁteﬁ% pravises hodipilisd cegnpmigation with extend
connectors 24 that allow the bonnets to be renoved
chamber 56: o flackeflyid jpamber §00vi fdaned de she apnwhosegion wefined by operator
17. Operator systens 16 are mount ed to bonnets 14 and
housing 4@ tandinigon 3yt tativeen by errl 2% amtifloygd merdr54285lack fluid port 62
arrangements to nove closure nenbers 17 through
provides hyadranlice sopMunicationawith clecko fluisbicbarhBer (002 Rbtragtgehapgber 64 is
2-4 illustrate one enbodi nent of an operator system
formed in tthatnmdsiuegiont defined | bynepeddtot houdngdoded piston)3d in bdtween body
operator byntifizing significantly |less hydraulic
seal 52 anll Borshet 82,1 ®et@d6t port 66 provides fluid communication with retract chamber

64,

[0026] 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 01; the
configuration of the hydraulic fluid supply and control system, fluid expelled from the e:étend
chamber 56 and retract chamber 64 may l::e recycled into the hydraulic fluid supply or may be
vented to the surrounding environment. Slack fluid chamber 60 may be pressure balanced
with the surrounding environment such that the fluid pressure within the slack chamber does
not resist movement of piston 38. In certain embodiments, slack fluid chamber 60 is left
open to the surrounding environment o.r coupled to a pressure compensation system that

~ maintains the balanced pressure within the slack fluid chamber.



WD 2008/ 024264PCT/ US2007/ 018159 than to extend.

Qperator system 30 is nounted to bonnet 32 and is
WO8UMN244t 0 cl osure nenber 34. Operator syst erRCT/US2007/018159

conprises piston rod 36, piston 38, operator housing

40, head 42, sliding sleeve 44, and | ock rod 46.

Pi ston 38 conprises body 48 and fl ange 50. Body seal

52 circunferentially surrounds body 48 and sealingly

{00271 In BEREES ofBREGH SktchPB0I 8 GhdRn il ARBRCEAFposHfon where piston 38 is
circunferentially surrounds flange 50 and seal i ngly

disposed a?ﬂﬁ@gﬁéad)@?r Fuppiyht piddSutid theeafRAThA0I-a8m] ?ért 3R actuates
ange seal "54°1s larger than the sealing dianeter of

operator sgﬁgﬁﬁf ?@ %d%ovfsog%% I Qo RRRPHSIRA 13207 AROEN0RER nRAves toward

ange seal 54 wth operator housi ng 40 di vi des

bonnet 32%@ his E%lr%gguﬁté @ﬁaeﬂxatﬁgn lpd é@thggsgﬁmgﬁﬁa Jsog%i ¥nd fluid
witin oGP FRE G % 1 Butih fﬁgo%g@“%;rg&;?%ﬁgﬁgrz??@zﬁee B s
i e Ao SRS S e s
o the surlg ok S0R S0 %Hy%aaiﬁ 2 SeSbalitt T Biged sBifo 26, piston
a8 il conit et e BRu s R St Gn SO T

o RS e R85 S gl 888785 g

bonpet 32. Retract port 66 _provides f
the dlffereesmﬁv@arﬁﬂeﬁewmﬁ i aohieyer st Sleaﬂer[%wetfr ppydravlic area for
eneral, extend chanber 56 and retract chanber 64 are
retraction {thary pxfepsielnmihis dmbrisacqiof HIud Heamisments LRl ig @ pednoed total
that Is regulated by a control system Depending on
volume of Huid gty Freuireshioeyelsdhe woesmiorn systqmihetyesihpy oxfgnded and a
control system fluid expelled fromthe extend chanber
retracted gwitieond Rier raductomivh aeqEredriiyic yohwes oraybe micspepial interest in
hydraulic fluid supply-or may be vent.ed to the
subsea applinationn ey priomenee requirShwots ﬁdcmsdamﬂbmragﬁ)oifﬂaygdo@lumes
pressure bal anced with the surroundi ng environnent
of ﬂmd withi e blosstout peevichter dssemidpuRedutingitie vélens] eitftuidheatest to move
does not resist novenent of piston 38. In certain
the operatersgslbmett the shiacted fasittbrciginbey theOvolamieedf flojethat meeds to be
the surroundi ng environnent or coupled to a pressure
stored with depisibsat preveyist aswetdblt. mai ntai ns the bal anced
‘pressure within the slack fluid chanber. WO
[0029] Us} 8/ Qndilérd Blahddia? A0dvaQlki ldvla (FOP 2¢tradtionFha tlee %,dded benefit of
"~ operator system30 is shown in a refracted position

generannglxmﬁ SFoRdeS B@fin® Feirfctidng P 05 @Eriaiidbifsdtions,athel forcSgeRnitsddby the
. pressuri zed hydraulic fluid to extend port 58 actuates

operator %ﬁ@ﬁ'ﬂtlﬂ rmSYRe 8l adtthofll pEsilbA e NndSHRYR S ROPBahe closure
As piston 38 noves toward bonnet 32, fluid

member bﬁ‘ﬂ é)&'e&g @é%l‘%f lloH!iéjf&Qéﬁgﬁrcoﬁﬁpdn%n@%?li‘ﬁ‘@sﬁ%rﬁ u ﬁt‘th%Lsé‘ &lﬁlatlons if

luird port ©2 and fluid within retract chanber

the mperatB..u §g§gxﬁt : %ﬁ%gﬁéﬁ@%@%ﬁp@?yﬂ_ heﬂfel gﬁ‘%ﬁ galf r qrﬁerefore,
reducing tﬁg AR %ﬂé&téﬂ NS Pé&at%tlf:ﬁﬁ#\é&]oau rmﬂﬁe&&g% twg'h&lﬂ ﬁle operator

urrourftdi ng enV|r
system attfnggf%.b bgpf tlg t{)e )ﬁ% ¥ ng a. cli](fsgﬁc @gm%gé ?gé E}Sﬁ’ﬁ j?é’)t%e%\’g?lt Iu ?t? ! forﬁ%release
. 1002

of hyaroot g prek e %ﬁesquﬁ%gs 97 RS rhorEb iy s pT e,
retraction, the difference in f|UId reqU|renents i's
achi eved by using a snmaller_dianeter hydraulic area
for retraction than extensi%n. This inbal ance of fluid
requi renents results in a reduced total volune of
fluid that is required to cycle the operator system
bet ween an extended and a refracted position. The
reduction in required fluid volume may be of special




7 [0030] Although operator 30 is actuated by hydraulic
pressure, many applications also require a nechanica
lock in order to maintain the position of the closure
menber in the case of |oss of hydraulic pressure. In
order to positively lock piston 38 in position,
sliding sleeve 44 is rotationally fixed relative to
pi ston 38 and threadably engaged with | ock rod 46,
[ocy.xau]c Mlitfought @lblahiwr lcgolpli@ dadt@zlith&ﬁl@y4d21yd§umhﬁl 'WthﬁfV erliany
noves_ axial]y relative . to |oc 4 en e loc
apRlicalipgs plsosfeguirt omsayaenldpek iy tf’dn@i“éﬂpeth& posiaR of

thePcRs@it FferfIBe $n tiRvaELle DON TGS %h&aﬁéﬁlfcoﬁre@@uﬂes In order to
rotated. The threaded engaa@nent of | ock rod 46 and

positively lepkaisions &1in posifien slifingsileaved4tis reiglionally ﬁm@/relatlve

{
to SRS T8 BuichBanl) Shellfl il D0 6 MR | SAREH Votupled
to héeanlvp2.i Sliding sleevel 44 Shotis rvgldlyeelaélvm:oxlmk raghg6 gdearttie lock
Jshf 8 and prevent the novenent of the piston away
rogisdtaietnet 32 [ 0032] The threaded engagenent of | ock
rod 46 and sliding sleeve 44 is "self-locking' to the
[o® Fffertingt ndw it@ IFifiie CE ode Ppiof I380MDYesicReird Bunhlet BQtlock

rotate the sl eeve relative to th lock rod. . T
rod; 46 &5 FRfatededbe threaded engagsmentioflpehradde, ﬁaérspaglg Jesva 44

cad%’gﬂﬁ’é‘%lg@sﬁ dﬁro%’ %{Haﬂ rfefai?i% 0 ¥hé tocdkV¥RM, LbarHe B,B% rotated

I's engaged wth shoul
uniaB$1e¢we44ac@1¢scm @hvmldler 6Se)ftm$tdnc3|8easde sheendn rFlmre 4 Sliding

sleé&e Qﬁ]?a‘g,@ ta%ﬁgﬁstgﬁ \g flrld #L%ggﬂrl] g e F%%{/éznejﬁ ﬁ%ﬁeﬂlggq(n away

fronoblorﬁﬁetgperate as a Iock| ng systemthat can be engaged
to prevent closure nenber 34 from opening

uni_nt.ent.i on y. Al t houg hown he ful
[oQSHIcH RG] sa&%&?nwé.qq legk fof %3 g IoRretah s 'self-
locﬁﬁ%agé tBE Extedtt had akias Fork 1P Ehe'3§hdh adlevROFill heh rotate the
In order to nove operator system 30 hack to the

slecweq r@@m@j topthg lackrrogs Thuguwhen s ldm sleevecdprin v gpBiack with
shdia) o3P pie 35 L e Aoty AhSOERIRUERSFRY Ouce

sliding dee\wn d4aisl emgagetiewitbc khowddert ®@8petheopressute Within extend

el K5 b rOBod e B 58, B Yo Y Exctad esion
In ﬂﬁ@ Bi0rér, s HAGTY 416301 B IR rodasidperatbas afjptking system that

tract chanmber 64 so as to ve |ton 38 backI rd
can b FEREER 18 PrEBEH SIgFIGr emher 34) from epenine Briptenfipnally.

Ahﬂéugﬁ niesHoMrPiretheilIR eseféhaea )énﬁfloﬁle@%dsht‘ioﬁr%hﬂirfg sleeve 44
hydraul i'c_nmotors, or other
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



rotating devices. In certain enbodi nents, the notor is
a hydraulic notor that can provide 15,000 i nch-pounds
woabog/aazide. . In Figure 3, lock rod 46 is coup@E#s2007/018159
notor 72 via transmi ssion system 70 that transfers
notion fromthe notor to the lock rod. Figure 4 shows
notor 72 being directly linked to |lock rod 46
wi thout a transmi ssion system |In certain enbodi nents,
can then bg?aéghéé' 3 ?&}C?Zp cl%m %’C u% %yg@r?g@ %%g?rz 33 l@i%svlg'};mcg#&ﬁn e the retracted
" eration of lock rod 46, such as by a rermtely
posmonog%

S5t ed vehicle (ROV). The .RoV could be used to

- [0034) I‘oﬁgtr‘g‘#’ X?fyl’%?’au%ta ealftlf?gl Sse eéfeegéc:&ég O)E&‘rgb 8][1 g%Er ST other

i 00351 As di,scussed eV| usI tor 1Y m.30
rotating dguifes ol SPEABERERTETS: B etan op f BRRENE' St Bh Pl Provide
raullc area for Iractl nthag é‘?r exte

15,000 mﬁ%é’&ﬁ%@* 0& Sterqug; - CJ“ é%ﬁu” 2gk {18 lﬁc“tougﬁ&su? duotor 72 via
AN R T

for a ramtype bl owout preventer is often determned],n o

. motor 72 fping dirpgily linked o pods ket 46awEhot A frangmission; ?YéEFn? o In certaip
cl ose the well bore under full working pressure.

embodimesit ol exstam d0 9f Figwa i anotond? ef Angrer ¢ eﬂweped with backup

operating systemis often la ger t han t he he@%gt of
systems thait@llgphmenua! perationcefUiprle od 40+ rshisisduou rerpeiele Apepted vehicle

body. As- many ramtype bl owout preventers are

(ROV). ’Ebwéi@‘ﬁoctoe:& e ttscdnid tsupply hdrenlip Enid onglackrical giomgr do operate
body.- with nultiple cavities, the dianeter of the

motor 72 opendd be usgdstoeiire@ﬂyentatbelloekm&lé@ the overal | height -of

. the assenbly as the individual cavity openi ngs nust be

[0035)] Asgizcesed praviousty, aipemivictyetana 30 eah epetate effpetivelp while utilizing a
assenblies. [00361 Figure 5 illustrates a double ram

smaller hpdawtictargs dorerdienctiGn thamior skregsipartzchede buslforopl Isnetgnired to
operators 82 coupled to body 84 by bonnets 86.

retract clédieé ahember834 Uhhh | toeettand heldesurd imembear ity dhauweltbore. The
cylinders to provide an equivalent closing farce to a

maximunsS idiéthéter 103" $her opefhlo? 088t 426 4P CAhUSBO OldAbBE Jfeventer is often
di anet er hydrauIIJ| c cylinder. Using snaller dianeter

detenmnéaysly i hearaié ?%e&eaérlsamatadjr 2061668 $he3&elibolReunder full
| ocated cl ose together.so that bl owout preventer body

working piéssiRS 18 Hik %%Qbﬁﬁ&at%s N8 FHrRste POt W DPcHiBRG system is often
connection 85 and | ower connection 87.

larger than the height of the bonnet that is coupled to the blowout preventer body. As many
ram-type blowout 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 assemblies.

" {0036] Figure 5 illustrates a double ram blowout preventer 80 comprising paralle] dual

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

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



100371 The parallel dual cylinder operators 82 are

schematically illustrated in Figure 6 where area 90
WOrepeswmt s t he pressure area of single cyli nd$IT/BHR0¥I8159

a large dianmeter 92. A dual cylinder operator is

represented by areas 94 having smaller dianeter 96.

D ameter 96 is selected such that the total area 94 of

bot h dual operators ¥is at |east equal to area 90 of

dlarneter hé/ﬁ%s ufic GifidkAr A8siflk RPRARF deathé @Rdraldic N5yaivideR allows adjacent

tantially equiVval ent pressure area, it is believed

bonnets Sé{oaggﬁcﬁ;ratﬁ%(sc:lb?e ?&%ﬁﬂ%‘ IsBBhed HoWold phédvdRfer HoaWEdEhasO2 minimum

a seventeen I nch diaeter operator can be

height as nbeeagvf.%ﬁ ggt%n%pgf 86 @eRhiol 8Y aD8 1RRE A dnfibctiopeg v e i nch

ons suggest that this reduction

[0037) Th% g%ﬁraﬁgis i chlemcf@r %é @%E gcﬂ@ﬁ%‘nﬁﬁ?( ?ﬂdls%%?&f in Figure 6 where

msev enlnc es to ve | nches.
e b B T AT G5 ML . o
cylinder oggx%%%ﬁs%%%re%%& téfleé)rréflss Egolbavtme% r?n%ﬁ% %&%0%6. ﬁ%‘éﬁlte?efr 96 is
s SR B il 00 o

108 lid I
R e A Bt e

pport mnenber 16 t hat cule to, a gl o gure ne

believed d(l%ra?t% ﬁévsﬁ)aparfaﬁ]i@ﬁ&h‘@ 7k ?Hﬂ) p@%‘PS‘f?E 9%0 P AP S &% seventeen
axial ly synchronlzed Cyl i nder d.118 |§ g % h "

inch diamgist RPAGHRS, S0 TePIacrd R 21 BRETHIYH BHORE PORTIebMEIvE dudH pistons.
body seal 120 di sposed on body_122 and fl an ea

Calculations hgeest et dispteduaton defrsAess o GrITSDATR, SRsdg, Rrioss adjacent
seal i ngly engage operator housings 110 such that the

cavities fibmuwsierdesrsinghes @dwelvaiackas- ext end chamber 128, sl ack
fluid chanber 130, and retract chanber 132. The

‘[0038] Figwes 7 agd Giilnsitase ové sidhpryelledexlindorpreratpnihgbalse featuresgeduced
seal ing di aneter of body seal 120 such that less fluid

fluid voluire foerpitactdn.t Bafallel duatayliodercopender systan IR pomprises is mounted
required to fill extend chanber 128. 10 [0040]

to bonnet R82 ainkdadontjirides dwbipadalie] @peratingreylipd ens 040 OEaghepparating aylinder
essentially the same sequence as operator system 30

104 compeiescpistordod 106£piatanolDg, op&agxrrtws@gﬂ 10, pli¢inggtasvg 112, and lock
operator systemloo is shown in an extended and | ocked

rod 114. [Eahtpiston rSiti106ny updeaoldppoy membeydtfethdcoiiplestto a closure
pressuri zi ng extend chanber 128 through extend port

member (3¢ siigvoh)t ] en@ired iy pistoks M08 rinkirs axialigtsynblrosizedy eCylinder
nmoves toward cylinder head 118. Once sliding sleeve 1

head 118 t%oupledits PoapEaBingdrgosuri zed fluid i s applied through
retract port 138 to retract chanber 132. The

kék Bddyl deBD1 2R EEBSded AT 12b3hadrge seal flange
[mB9|]ﬁ£53é§%§g?%ﬁm%g§ towa?gehead 1fg&khd pul I support ®

124 dxspugng?iﬁ haﬁge ?Q@BQQMQQQG ehai9d sumikhdiy @R g&%i Persthd h@u!i&ﬁg!@%lo such

ly retracted position o gure 8. [0041

that the hSl?s%@E &w@éﬁ i éag%ﬂegy app &efhé %Iag:ﬁeﬂlﬁ&tcﬁﬁﬂh%@r 130, and retract

on o gu ying hydraulic fluid

b P AR i 5 P8 B G el
3
vy et S UARRRS AP IR 15t s o

ctend th oug%%retract port 138. The fluid pushed fron1s|ack

extend champe anber 130 and retract chanmber 132 may be
retained in a hydraulic reservoir or ejected to the
surroundi ng environmnent. 8e piston 108 is filly in
t he extended position, |ockrods 114 are rotated so
that sliding sleeves 112 engage the pistons and
prevent novenent of the pistons fromthe extended
position. [0042] Support nenber 116 ensures that
pi stons i 08 and piston rods 106 renmai n synchroni zed




WO 2008/ 024264PCT/ US2007/ 018159 general |y between

operator housings 110. Mtor 142, which nay be a

hydraulic, electric, or other notor, is coupled to

transm ssion 144 and override 146. Transm ssion 144

conprises a plurality of gggrs that rotationally

couple notor 142 to locking rods 114. Override 146 is

positioned so as to allow access in the case of

failure of notor 142 or the supply of fluid or power
[od4b]t B&rallel fial Efder Qgpe%élt@r E¥teB Qb Usheres Cihr&%éntialgf the

nechani cal rotation of transim ssion 144 or may_ provide
sarhe sequenceascpprirtaruppiem G0 doserberiin relation & Figwes 2r4 In
. . e .
rigfBL . chitfatot St 108 R BRUACR O SHERMRENEANBER Radlion.
Slidingsérese i onis disengagahby frstipressuedingeektennd chramber 128 through

- retraction o ator, of Eiqure - 4 '
extpilmtrbi P ASThER FiiaBhe dorhks oy o, IR tRE HB9E rhdlog toward
cyllhﬁi“elt leadaiige aive i @wﬁv@ n {]mysl &Eﬁuggddwgtéssgﬁbai fluid is
ocking systens. Simlarly, the |ocking r an . .
apglpq%thwug &elFact BRIk 138 RniserAshch ebégf_érs’glaﬁ Rresiugef fluid
fillFHRE rétAtt &'}é%tﬂ?éfslffi will ﬁxb_b@gpigweﬁ@ftowft?q{eaécifsahﬁ@ pull
systens. The parallel cylinder operator system may
supparb mamberaa6 taward benegi giocntilapsraiag syatem Kihisyin the fully
Yol cylinder assenblies as well as
ret%%‘ﬁgipﬁ%tég#%?@ggh& f0045) Although these features
can be used in other applications, the described
[06£3tQperstoprsyytete 100 sy retugiet tocthronténdedpasitios efl Figure 7 by

onbi pat i on. exgmpl e, ;a doubl e tarn @l gwout
ARy R e Qi di B SU BfondSp o it Eod, iBiber 128. as
pis'f?dﬁ:l@m lhfavég%vfa&ﬁqs&ﬂ]? 8)ev qb@muﬁftvﬁﬂﬁhihm%l« fitrd @]geﬁﬁbéloie,o is
system o Lgures, (- () | er, snorter, a es .
pushosk thipugh Alack FNisl FOrh30 ANBOHVERIRBHR Iehgghamber 132 is
{ i i : K
puBfeR (HRbREL P pbf ) THRAARBHEA Mork ¥R Thid ThEmBeR100
and relyagirchainbes 132 viayhieiretaiged brk hydraglis reserviiear ejected to the

oSSR oY ORBbRIRLS LIRSk 6 ARON o
rodsoupl e ﬁomata?:lvml thiae aHdEigZSIeeBiee}mmtzegga@/gm pistatsarid peyent
conpris a.lower stac SS . and an upper
mcgrp%ﬁqgt anﬁ'rﬂiﬁ?nﬁé‘@m e?’%%&%‘#‘%%“'ri ser pacEgge.
Lower stack assenbly 204 conprises a well head

[th!li‘%ﬂv\"%ﬁ{pgﬂ r8fhbel 318 S Ehal PRSI ﬁ{&farﬁil istéFidsa b6 remain

preventer 212, choke and Ki val ves 214, and

synopateniaed cluinguthe aperasion1ef sygipar 109.aFke dydeandicysystemn that

rd P 7 ;
R
fluid tetheonjmpater system jnsuch 2R3y thatrpistons pof ger@in syrolironized
| 1 et. connector 226. Collet connector 226 provides a
WIVC@IIEQ‘QH%'I e connection between upper stack assenbly 206
and | ower stack assenbly 204. Hydraulic accunul ators
[08%:?] E\éﬁrﬂﬁ%{ﬁ@ﬂ 5% ?igﬁl%gﬁg 228 1d)adpepator GyBiden 10veInay further
stack asse :
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



100471 Therefore, the preferred enbodi nents of the

present invention relate to apparatus for inproved
worzaos/i2yme bl owout preventers. The present i nverdl/gs200%018159

susceptible to enbodi nents of different forns. There

are shown in the drawi ngs, and herein will be

described in detail, specific enbodi nents of the

present invention with the understanding that the

generally Qét%%gﬂbpgxiaﬁ&'! R 130! MER@r AADSHWHRKEH27Be a hydraulic, electric, or
exenplification of the principles of the invention,

other mottiﬁjl;‘ijs écﬁxlpm to tRERAASS0d P44 hid bvdB@e1RYe "”Itrbﬂ?ni%iﬂoﬁ Wak comprises a

[ustrated and descri bed herein. In particular,

_ . : . ] : F oy )
sty B0 Bt SORHERY, e i50P18230'EEREROT B! Ol 145 i
. ' £1 Wi ' r { .
positioned &TE: b ofs 1 Mol EUE GARRUintlor 17 AR sbalf St mid or
poweer to 0 EniEE GRSk abdRaDREVE of DS Bt ool BB APS wpnpgission

resent .inventjon.is not lLimted to0,these

144 or may g3 il FrE Sxieriel sippin e Y depuis ol oF B e to motor 142,
appl.ications jnclydin t her, subsea hydraulic

100441 THEJRPBS AL the AOe Se5oRBe] APFioF SYTGR FERPHEPIS REY be used alone

] di fferent teachi ngs of %}Be nbodi ment s di scussgg, bel o&v
or 1n COORERAGN, ‘hfp?‘ti’;}’é{ge’sg‘ﬁd?%‘f \VBRMmE FetipRiion QReZgPR OF Figures 2-4 may
. . conbination_ to produce desired results. 10048) The
be used ingGagahination witgdhe {osking ey andsliding sieevs ipck prrgagsmgnt ¢s shown or

and do not limt the scope of the invention or the

may be uggd; With otherdpeling systegys) | Sipdlaglypheciogking rof aud pliding sleeve lock
ot her nodifications and i nprovenents to the disclosure

arrangemeig rcanbergedo withpeiRenOpasiar Sistpans PR fotlagh tyRes of dipearpctuated
the invention or the inventive concepts herein o

systems. dihscpasalial cybader eperpion pystarmymay adgedbe juped preather applications and
enbodi nents may be made within the scope of the

with otheq typemof pistonand eplindesrassembliesgistwell acother logldagurystament
structures or materials hereafter thought of, and

[0045] Albwoghsthesm fisatwnedi danche ivsed inagthére applitetions,t fie described features
enbodi nents herein detailed in accordance Wth the

provide adssergigtid benefaiquwher mand Sn dfhbination. As an example, a double ram
2008/ 024264PCT/ US2007/ 018159 of the law, it is to be

blowout predeaitet ded dseata pamlidbicgtindeh epeiatoragyetdnd Hawing reduced volume

interpreted as illustrative and not in a limting

retraction i@ Speratdrdsysiont BEFidfbaés 7-8) & higlites] shérter, and uses less hydraulic fluid
than a conventional blowout preventer using conventional operator systems. The use of the
locking rod and sliding sleeve lock arrangement also provides a simplified locking system
when compared to many conventional locking systems.

{0046] 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 accumulators 216. Upper stack assembly 206 comprises

11



1. A hydraulic bl owout preventer operator conprising: a

cl osure nenber; a first piston rod conprising a first
wOoanB/2éifpl ed to the cl osure nenber; a filER/US2007/018159

operator housing conprising a first end coupled to a

bonnet and a second end coupled to a head, wherein the

first piston rod extends through the bonnet, wherein a

second end of the first piston rod is at | east

annular ble@bhd plebinidi 3PYSEHKY ddd Killl Eshne@PBEALD0, Hedd Hidater/flex joint 222,
a first piston at least partially dlsposed within the

control polik "Bl GRETMIRE BAKSIHHY amh eceia Edimekiok S;tzaobﬁ&v@abs a releasable
conprises a body and a flange, wherein the Second end

connechor?i)ettwtb%nfdgp%% _sp,fcﬁta&em{leg,i gQ? Ppllo%r e hag @cw Weydrautic

I rst pi ange sea |sp ed on

accumulatﬁg% 1.f6| a?@gl%uﬁ&q tﬁqf'i\'lln ?i%tl%? glglgtg\ﬁmdg: lé\g%xts ge{ %1%58{)%0&1
[0047] Th%hggoré,etﬁl 'tpﬁ&; %i'e G&ﬂnentg ) fttF g?&gnt%lgentl xsella}qg ;(]0 apparatus for

on'pr ses

improved %ana- yyp eb& %&taér%{,mtu” St o S]?l-%gerg ﬂtéveélgﬂng ﬁ?e rs%ﬁ%g?tﬁ]lge 9 Ieg’n?)odunents
L e e
specific BRRRL of b pHEcH PEnlige, Siar PRoUAIRy-eias el ghe proson

. fi r t, chanber between the fir ody.seal. and
disclosure ﬂ%ﬁ:St et rda C%f’n?f‘ exemplification o t{'n prmclpfes ok% thé/ invention, and is not

L

intended fo 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
to the application of the concepts of the present invention to ram-type blowout preventers, but
the use of the concepts of the present invention is not limited to these applications, and can be
used for any other applications including other subsea hydralalic equipment. It is to be fully
recognized that the different teachings of the embodiments discussed below may be employed
separately or in any suitable combination to produce desired results.

[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



15 wherein the first extend chanber and first
retract chanber provide volunes for fluid to
worevadletcal | y actuate the first piston and WREGTEVSR0QHHEELSY
first extend chanber volune is larger than the first
retract chanber volune. 2. The hydraulic bl owout
preventer operator of claiml further conprising a
slack fluid chanber fornmed within the first operator
of the law, h@ Hsst!o% RRIEVESIE thBemb detdilslHtig trs fAbe MiEptdied &d NRitrative and
body seal. 3. The hydraulic bl owout preventer
notnlahn%ﬁﬁ%%ﬁ&% of claim2 wherein the slack fluid chanber is
open to a surrounding environnent. 4. The hydraulic
bl owout preventer operator of claim1 wherein the
cl osure nmenber is novabl e between an extended position
and a retracted position relative to the bonnet. 5.
The hydraul i c bl owout preventer operator of claim4
wherein the closure nmenber is noved to the extended
position by a first volunme of fluid disposed in the
first extend chanber and the closure nenber is noved
to the retracted position by a second volunme of fluid
bei ng di sposed in the first retract chanber. 6. The
hydraul i ¢ bl owout preventer operator of claiml
further conprising: a sleeve slidingly disposed
within a cavity disposed within the first piston
wherein the sleeve is rotationally fixed relative to
the first piston; and a lock rod rotatably coupled to
the head and threadedly engaged with the sl eeve,
wherein rotation of the lock rod translates the sl eeve
relative to the first piston

13



7. The hydraulic bl owout preventer operator of claim®6
further conprising a notor rotationally coupled to the
lock rod. 3.6 8. The hydraulic bl owout preventer
operator of claim1 further conprising: a second
pi ston rod coupled to the ghosure nenber, wherein the
second piston rod conprises a |longitudinal axis that
is parallel to a longitudinal axis of the first piston
Claieg; a second operator housing conprising one
end coupled to the bonnet, wherein the second piston
rod extends through the bonnet into the second
oper at or housi ng; and a second piston coupled to
the second piston rod and di sposed within the second
wignes dhihedistisi ng. 9. The hydraul i ¢ bl owout preventer
operator of claim@8 wherein the second piston further
conpri si ng: a second fl ange seal disposed on the
second piston and sealingly engaged with the second

1. O peA?HyﬁE'alﬂQl]ﬂbﬂGilt preventer operator comprising:
a closure member;
a first piston rod comprising a first end coupled to the closure member;

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

within the operator housing;

a first piston at least partially disposed within the first operator housing,
wherein the first piston comprises a body and a flange, wherein the second end of

the first piston rod is coupled to the body of the first piston;

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

operator housing;

a first body seal disposed on the body and sealingly engaged with the
operator housing, wherein the first flange seal comprises a sealing diameter

greater than a sealing diameter of the first body seal;

wherein the engagement of the first flange seal with the first operator

housing creates a first extend chamber between the first flange seal and the head;

wherein the engagement of the first body seal with the first operator
housing creates a first retract chamber between the first body seal and the

bonnet; and



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

di anmeter greater than a sealing dianeter of the second
body seal ; wherein the engggenment of the second flange
seal with the second operator housing creates a second
extend chanber between the second flange seal and the

he aﬂhereln the WAkt eé)&eﬁ@ ecleimgsgearat figt idieics ashantbdprogsovide

seal with he second oper at or sing creat secon
volpges fer Bt el spwete ot et spnoaid vhsiFiras st
extgfnfg N&lam volume i‘éhfdrrgmxn this BRCH& %&s&d cﬁﬂ‘ﬂi’ﬂi’@ﬁ 'volume.

second retract cha provi de vol unes for uid
to hydraulically actuate the second piston and vvherel n

th § el
2 5 oobiG iR B T Ral e Gt el BpbitRey, 31 YR T IEr pbi¥Brising a
slatht Gloidichambee firemed eithin $he @rstaopmd’gorqusm§betgvean tbe dirst
a t here hr(ﬂi‘%ﬁ ﬁ C%\éietgy di sposed t hrough the body and
angf TSI 1ShBOSWSE: 2 closure menber noveably

di sposed within the cavity; a first piston rod

conprising a first end coupled to the closure nenber;

3. The hydraulic blowout preventer operator of claim 2 wherein the slack

fluid chamber is open to a surrounding environment.

4. The hydraulic blowout preventer operator of claim 1 wherein the closure
member is movable between an extended position and a retracted position

relative to the bonnet.

5. The hydraulic blowout preventer operator of claim 4 wherein the closure
member is moved to the extended position by a first volume of fluid disposed in
the first extend chamber and the closure member is moved to the retracted

position by a second volume of fluid being disposed in the first retract chamber.

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

a sleeve slidingly disposed within a cavity disposed within the first piston,
wherein the sleeve is rotationally fixed relative to the first piston; and a lock rod
rotatably coupled to the head and threadedly engaged with the sleeve, wherein
rotation of the lock rod translates the sleeve relative to the first piston.

7. The hydraulic blowout preventer operator of claim 6 further comprising a

motor rotationally coupled to the lock rod.



a bonnet coupled to the body adjacent to the cavity; a
first operator housing conprising a first end coupl ed
to the bonnet, wherein the first piston rod extends

t hrough the bonnet, wherein a second end of the first
piston rod is at |east partjgal |y disposed within the
oper at or housi ng; a first piston disposed within
the first operator housing, wherein the first piston
conprises a body and a fl ange, mherein the second end

of the first piston rod is couledt e of the
8. i r $he pyde a@hc%lowout RYeYeIyeR omram@ sla lofugfgls EeMPRSINg:

the flange and sealingly engaged with the operator

houﬁ's@&)rﬁi gﬁﬁ)rﬁrtﬁd Eéﬁ%l@ﬁth@ rc;losure merﬁbéﬂ ier8indthe second
seal disposed on the body and seal |n%1% engaged with

pistore resh spapSiseha dengitpcinainxis tatds maralich e adpngiffenal axis of

SH.ameter is larger than the second di aneter;
th‘%/\ﬁ&t@ éx{lﬁe ’engagenent of the first flange seal with

the first operator housing creates a first extend
chaatf@pombtqpemtor ﬂn@usmgscompmgg mpn@mup}eé ieetiep bonnet,

opera ousi ng Creéa c chanbe
opbﬁtuﬂl@mﬂﬂi@ afadrst body seal and the bonnet, and 18
wherein the first extend chanber and first retract

act Bapeoth BT AT i herbh b Py B0 iefeled utim the

secohddiRiatohoti®ings | arger than the first retract
chanber vol une.

0. The hydraulic blowout preventer operator of claim 8 wherein the second

piston further comprising:

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

with the second operator housing;

a second body seal disposed on the second piston and sealingly engaged
with the second operator housing, wherein the second flange seal comprises a
sealing diameter greater than a sealing diameter of the second body seal; wherein
the engagement of the second flange seal with the second operator housing

creates a second extend chamber between the second flange seal and the head;

wherein the engagement of the second body seal with the second operator
housing creates a second retract chamber between the second body seal and the

bonnet; and

wherein the second extend chamber and second retract chamber provide
volumes for fluid to hydraulically actuate the second piston and wherein the
second extend chamber volume is larger than the second retract chamber

volume.



The hydraulic bl owout preventer of claim 10 further
conprising a slack fluid chanber formed within the
first operator housing between the first flange sea
and the first body seal. 12. The hydraulic bl owout
preventer of claimn whereip the slack fluid chanber
is open to a surrounding environnment. 13. The
hydraul i c bl owout preventer of claim 10 wherein the

cl osure nmenber is novabl e between an extended position

and a retracted position relative to the bonnet. 14.
10.Th eAthydraphic Rowput RreveHes (RMPEFINGt ¢l ai m 13 wher ei n
the closure nmenber is noved to the extended position

by Qbf)&j?%I%E?M@%Eﬁrefﬂléﬂe%@hgﬂpsed in the first

extend cha and the closure nenber is noved to the
retracted_ position b econd . vol une .of fluid being
di shERYY dinpased through the Ppdy and KaleEREFLing e bk
hydraul i ¢ bl owout preventer of claim 10 further

CONPElosiAOmember movedblg@isposbd dithih thekdst9sed Wi thin a
cavity disposed within the first piston, wherein the

sleeye is rotational]y fixed relative ta the piston,
anda first pistgnrad gompaising sy ﬁa&cg)ulelsﬁﬁ?glae@eﬂfrﬁémmbﬂ:
bonnet and threadedly engaged with the sleeve, wherein

r ot atihihe®fcoubRd @ hé dsbdyr adiataite® the cali@gve first operator

relative to the piston. 9 ) ,
housing comprising a first end coupled to the bonnet, wherein the first piston rod
extends through the bonnet, wherein a second end of the first piston rod is at

least partially disposed within the operator housing;

a first piston disposed within the first operator housing, wherein the first
piston comprises a body and a flange, wherein the second end of the first piston

rod is coupled to the body of the first piston;

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

operator housing along a first diameter;

a first body seal disposed on the body and sealingly engaged with the
operator housing along a second diameter, wherein the first diameter is larger

than the second diameter;

wherein the engagement of the first flange seal with the first operator
housing creates a first extend chamber between the first flange seal and the head;

wherein the engagement of the first body seal with the first operator
housing creates a first retract chamber between the first body seal and the

bonnet; and



17. The hydraulic bl owout preventer of claim 10
further conprising: a second piston rod coupl ed
to the closure nenber, wherein the second piston rod
conprises a longitudinal axis that is parallel to a

| ongi tudi nal axis of the fijgst piston rod, a
second operator housing conprising one end coupled to
t he bonnet, wherein the second piston rod extends

t h r ﬂh%lﬁ hﬂie b eéxteid OcHatthere aAd dfiperetdact dhatithedprovide

a secqnd p| ton cou to.the se
voirlwséﬁa flic ﬁ@élaéravulxcﬁl aciyate g&b%!iﬁ"dﬁ@l"&t%"rdc ngﬁgf‘rl Le first
extéfid cﬁmb GoiaHe! lggﬁgmah tRE BY %ﬁ-ﬁct‘ghaﬁ‘hﬁk Rolufne.
erein e secon I ston furt er conpri sing: a
second flange seal disposed on the second piston and
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13.  The hydraulic blowout preventer of claim 10 wherein the closure member
is movable between an extended position and a retracted position relative to the

bonnet.

14.  The hydraulic blowout preventer of claim 13 wherein the closure member
is moved to the extended position by a first volume of fluid disposed in the first
extend chamber and the closure member is moved to the retracted position by a

second volume of fluid being disposed in the first retract chamber.

i5.  The hydraulic blowout preventer of claim 10 further comprising:

a sleeve slidingly disposed within a cavity disposed within the first piston,

wherein the sleeve is rotationally fixed relative to the piston; and

a lock rod rotationally coupled to the bonnet and threadedly engaged with
the sleeve, wherein rotation of the lock rod translates the sleeve relative to the

piston.

16.  The hydraulic blowout preventer of claim 15 further comprising a motor

rotationally coupled to the lock rod.
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17.  The hydraulic blowout preventer of claim 10 further comprising:

a second piston rod coupled to the closure member, wherein the second
piston rod comprises a longitudinal axis that is parallel to a longitudinal axis of
the first piston rod;

a second operator housing comprising one end coupled to the bonnet,
wherein the second piston rod extends through the bonnet into the second

operator housing; and

a second piston coupled to the second piston rod and disposed within the

second operator housing.

18.  The hydraulic blowout preventer of claim 17 wherein the second piston

further comprising:

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

with the second operator housing;

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

sealing diameter greater than a sealing diameter of the second body seal; and

wherein the engagement of the second flange seal with the second
operator housing creates a second extend chamber between the second flange
seal and the head;

wherein the engagement of the second body seal with the second operator
housing creates a second retract chamber between the second body seal and the

bonnet; and

wherein the second extend chamber and second retract chamber provide

volumes for fluid to hydraulically actuate the second piston and wherein the
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second extend chamber volume is larger than the second retract chamber

volume.



