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[ 00031 The invention relates to nethods and appar at us
for controlling pressure within a wellbore. In

particul ar, certain enbodi nents of the invention
conprl se rret hods and appar at us for operatl ng ramtype

e e ke

| ves t%ﬂt are connected to the well head and conpri se

10001} Sts?i?rpé frbers capabl e of sealing and closing the

gas or WHALEWENrBRECRHObYE HERERAT 1Y sh GNsRhES" ©

preventer used RESENSREE R DEMHINOPIEST
ressure applications is a ramtype bl owout

10002] B‘F’g\/”é‘%ﬁ‘@? ble.A ram type bl owout preventer uses two
opposed closure nenbers, or ranms, disposed within a
special Iy des%g%gg% O%Wf%w MNowout
prevent er. bod as bore that is aligned with the .
[0003] V\E]Pff b’ibY"é‘t“’Qo"ﬁééf‘édt%&Wﬂ?‘?désa‘%taéla%"é'é‘ﬁ PRepHolingn gresswe within a
ort the rans as they nove into and out of the
weilb%r E’x paRtipypin eertain cpbadseedeof Getinenbon gomprisharcehindsand apparatus
end of each cavity and supports an operator system
for operpdng provyRRHowREt frey@detsequi red to nove the rams into

and out of the bore. )
{0084) Blowout preventers are used in hydrocarbon drilling and production operations as a

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

[0005] The rams are equipped with sealing members that engage to prohibit flow through the
bore when the rams are closed. The rams may be pipe rams, which are configured to close and
seal an annulus around a pipe that is disposed within the bore, or may be blind rams or shearing

blind rams, which are configured to close and seal the entire bore. A particular drilljxig



[ 00051 The ranms are equi pped with sealing nenbers that
engage to prohibit flow through the bore when the rans
way Rogbagyd. The rams nay be pipe rams, which aFEr/us2007/018114
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 blind rans, which are configured to cl ose
and seal the entire bore. A particular drilling WO
2008/ 024257PCT/ US2007/ 018114 application may require a
_variety of pipe rams and blind rams. Therefore, in L
applicaligp ynayysniicat vomely @i pircgres ppé kbud rgney Ehwrefose,dp arany applications
assenbl ed into bl owout preventer stacks that conprise
multiplg plowiout iprgventers ara rsasmblgdoindatbleweviepteyester stiasks that comprise a
equi pped with a specific type of ram f00061 Ramtype
pluralifyl cfweruttyps elowontpsvarterspdack rqeippéd githedspecifiseyppeiramed
usi ng pressurized hydraulic fluid to control the
[0006] Renitypnboivouberoleasus erarefidie cenfigirad ity ot opdrited being, pressurized
Al t hough nost bl owout preventers are coupled to a
hydraufit dludd poomites] tbe pesidbhef ttactlosae Sdinbeas eélativesstheiloes  Although
hydraulic fluid, many applications require a certain
most ble®bdulBredEntersens donpledtdy fltidWung &4 ddntk dthebRtiveebRde anfressurized
i mredi ately avail able to operate the bl owout preventer
hydrauli g reaseapiicaiie Faqeit a kefaire el PradyrisetbsRRaulic fluid to be
operating specifications require a bl owout preventer

stored Shd ¢inietialy aAbhitatl® 1€ YpéiBte(the DlowdB R e PerfdrOBURE AR BREmergency.
bet ween the extended and refracted position) several

For exdrmhfRS i) bseRbyeBfiSs S3tol %fiohd relitlirs h Bl Prétaied 5136k to be able
assenbly. In high-pressure, |arge bl owout preventer

to cycRt@eK MmeReARIdsf nReWRF doriieRding & x83ldb@N$idQktracted position) several
pressurized fluid may have to be stored on the stack,

times Giiﬁ%tdrﬂ‘)g PPt RdZ @uRN GVl BRTHE STARS aWel Bl NemS ¥h§Mssure, large
100071 Because many subsea drilling applications

blowokt G drerl BRKUREerRb1ids LR A HAABIA! 0al1BhIBr BIRSHYA fluid may have to
bl'owout preventers, the height, weight, and hydraulic

be storbd Yh thed @4 £RIBIY BorffsiZAen08 ¢ LRUQYES Mtﬁ‘{ﬁé‘éﬁ[e?n.i S an
important criteria in the design of the bl dwout
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ousi ng one end" coup to a bonne

. e nd coupled to a head. The piston rod
hm‘tatg%?gﬁgie%ﬁ#}gaﬂgh t he bonnet into the operator housing
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[0008] Exemplary embodiments of the present invention include a blowout preventer operator

locking system that comprises a piston rod having one end coupled to a closure member. The
operator further comprises an operator housing having one end coupled to a bonnet and a
second end coupled to a head. The piston rod extends through the bonnet into the operator

housing where it is coupled to a piston that is disposed within the operator housing. The piston



WO 2008/ 024257PCT/ US2007/ 018114 conprises a body and a
flange. A sleeve is slidingly disposed within a cavity
wai mpoeack™wi thin the piston and is rotational |l ypftw€shore1s114
relative to the piston. Alock rod is rotatably
coupled to the head and is threadedly engaged with the
sl eeve so that rotation of the lock rod axially
transl ates the sleeve relative to the piston. 100091
Thus certain enbodi nents of present invention

npri se a conbi nati on of features and advant ages t hat
Compﬂaﬁ%a?obféﬂys%a Hargenl AchepyR derhpety cispresdopehm 3 wﬂa’rffasposed within
~control of a ramtype blowut preventer. These and

the pistpR ang israatinmelly Hixed eelati Ya foi the piskn. oA etk wgds Tefptablyecoupled to the

. present invention will be readily apparent to those

head arskﬂs thiseilgdly eraagad wwilhpbh sleevrisnidat tetatiop|of db¢ Fgkded afipidytranslates
description of the preferred enbodi nents cif the

the sledvavelativot thagiston.referring to the. acconpanyi ng
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 100101 For

{0009] &'hwsr ecrthdt @iilbedimnete reftpaastnt grvehtitd eopppesent combination of features
i nvention, reference is nade to the acconpanyi ng

and adFargugessthanbreabdd substAibl enFargement of theaoperatidry pad control of a ram-
bl owout preventer constructed in accordance with _

type beraadi preméseof THwee pirds enfousnvidiet ichfractedi®Ods hnffi givhdages of the
is a cross-sectional view of a hydraulic operator in a

present’ @tvieatibe dwiiD bt featilanghpasems b Uthbesl skilledciiprigkanee upbd Reading the
enbodi nents of the present invention; 100131 Figure 3

following dRtfile S2s&GtionOfEthe Yresired einbedityitast the iRpatdhhd Oy referring

Figure 2 shown in an extended, unlocked position;
to the.accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

16010] For a more detailed understanding of the present invention, reference is made to the
accompanying Figures, wherein:
10011] Figure 1 is a ram-type blowout preventer constructed in accordance with embodiments
of the present invention;
feo12) Figure 2 is a cross-sectional view of a hydraulic operator in a rétracted position and -
constructed in accordance with embodiments of the present invention;
[6013] Figure 3 is a cross-sectional view of the hydraulic operator of Figure 2 shown in an
extended, unlocked position;
[0014) Figure' 4is a cross-sectional view of the‘hydrauiic operator of Figure 2 shown in an
e'xtended and locked position; .
jo015] Figure 5 is an isometric view of a double ram blowout preventer constructed in
accordance with embodiments of the present invention;
{0016] Figure 6 is a schematic comparison view of a single cylinder operator and a paraliel

dual cylinder operator;



100141 Figure 4 is a cross-sectional view of the
hydraul i c operator of Figure 2 shown in an extended
waoed/@eksd position; 100151 Figure 5 is an i Sop@i/iiRo7/018114

vi ew of a doubl e ram bl owout prevenier constructed in
accordance wi th enbodi nents of the present invention;
100161 Figure 6 is a schematic cornparison view of a
single cylinder operator and a parallel dual cylinder
operator WD 2008/ 024257PCT/ U82007/ 018114 100171

gure 7 is a cross-sectional view of a dual cylinder

10017) r‘fywam is@ gpet-sradieneloview it deplioylinderdpidiatic qreraior constructed in
enbodi nents of the present invention; 100181 Figure 8
accordange ity eaodimenisif e weesRt Bvepti@tdual cyl i nder
hydraul i ¢ operator of claim7; 100191 Figure 9 is. a
[0018] dagure 8lis 8 cress-seettanabrigv ofj t@twim_ﬁl calipadar dyydeantic operator of claim 7;
transm ssion for a dual tylinder hydraulic operator )
10019} ddme Ous & ephrtial crcssaediomeb vigivt of aombiod iane fressrofssivh dor a dual cylinder
present invention; 100201 Figure 10 is an end view of
hydrautihep@per atmtruofedRngueedSiceawith &ob&lidherisgifitiee irkséns irevention;
bl owout preventer stack assenbly.
toozo Figure 10 is an end view of the operator of Figure 9; and
{0021} Figure 11 is a blowout preventer stack assembly.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[6022] 1In the description that follows, like parts are marked throughout the specification and
drawings with the same reference numerals, respectively. The drawing figures are not
necessarily to scale. Certain features of the invention may be shown exaggerated in scale or
in somewhat schematic form and some details of conventional elements may not be shown in
the interest of clarity and conciseness.
10023} Referring now to Figure 1, blowout preventer 10 comprises body 12, bonnets 14,
operator systems 16, and closure members 17. Body 12 comprises bore 18, opposed cavities
20, and upper and lower bolted connections 22 for assembling additional components above
and below blowout preventer 10, such as in a blowout preventer stack assembly. Bonnets 14
are coupled to body 12 by connectors 24 that allow the bonnets to be 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 cylinder 28 arrangements to move closure 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

than to extend. Operator system 30 is mounted to bonnet 32 and is coupled to closure

member 34, Operator system comprises piston rod 36, piston 38, operator housing 40, head



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
100221 In the description that follows, |ike parts are
wBzoegohqdr oughout the specification and dr awi NBETNRE7/018114
the same reference nunerals, respectively. The draw ng
figures are not necessarily to scale. Certain features
of the invention my be shown exaggerated in scale or
in somewhat schematic formand sone details of
conventional elenents may not be shown in the interest
larity and conci seness. 100231 Referring now to

42, S'Nﬁﬂg&k‘@vq 44 padhdr ek mde%nr’&tor&%é@mmsg%bo@o% apg flange 50. Body
bonnets 14, operator systens 16, and cl osure nenbers

seal 52 pircpgdrentiolbpaprowtds brsbe 48gndopydinaly eagages capepgor housing 40.

nd per and | ower bolted connections 22 for

Flangeaﬁ@@,le?fgmmgnmuallmarrom&mﬁm ) awbsealiagly dradages operator housing
bl owout preventer 10, such as in a bl owout preventer

40. Thetsaelinmdismetsrpf flBogn stad 544s krgerdbarpthe desln ghdidinete? obpody seal 52.

: connectors 24 that allow the bonnets to be renoved

10025] fFrenentgagementyofttmdyr wul A2 and flesge tanl SHositls epemtdreiossihg 40 divides
Operator systens 16 are nounted to bonnets 14 and

the intetiod oz theaopyatoaiiktocthpdeshypdraRifc adiydiseipledneteunt2ds, extend chamber 56,
arrangements to nove closure nenbers 17 through

slack frdd chiraer2l, ahd terandhamberod4. DB Rnd 8harhBO2 isHiodE@ Between head
2-4 illustrate one enbodi nent of an operator system

42 and Hiahge aduic84. t Betendl pove I¥ ptdvidel ne@EERC tontMEhiBatidie with extend
operator by utilizing srgnlflcantly | ess hydraulic

chambéd §6.d S1gck BhideharhBaNed 0 evhRadin MRomaLOk régﬁh%eﬁ%gdlb“y operator
mounted to bonnet 32 and is coupled to closure menbe

housin@40 Aduepision 385 b b A MIdySREl B2 $haMnad 38, 5P SRR fluid port 62
38, operator housing 40, bead WO

provid@08$4d2H2 ToRELASAR MRS 3k 4Fuid SdHadbRY o). © @Q’e@raétdf chamber 64 is
and |l ock rod 46. Piston 38 conprises body 48 and

formedf inahg @nh@lar BYHyn 888hedBy epbattF st £ hid ﬁi:r',&frpﬁ'g‘ dSbetween body
body 48 and seal i ngly engages operator housing 40

seal 5ThiANBEREBL. Tetbdct Pord 66 BRIVIA ﬂux%%o’ix%klﬁfiﬁ%aﬁ&r@ﬁg& ég-act chamber
and seal ingly engages operator housing 40. The seal ing

64. dianeter of flange seal 54 is larger than the sealing
di aneter of body seal 52. NO251 The engagenent of body

[0026] I83ensrhl,aldedd @H%béxe% a'i_‘ré ML OPReL- B4 BRUS! REid*Oommunication

di vides the interior of the operator |nto thre

with ahﬂ/ﬁfr@lﬂld eid léub 19! 3 ¢ i Soy §X¢ rrb Stedy ]%%tendgrg on the

slack fluid cha er 60, an retract cha

confi glﬁ'mgf tké%}‘d?&flf&rff@ﬂ SO@%I ﬂ'gl Aj,%te%‘? Ay fily %Qg@)tlesdeﬁém the extend

Ext end "port pr es hy Faul’ e conmun

chambé’i‘ itd‘arﬁ?&teﬁ'ﬁgt &Eﬁiﬁ&f" G420y Hi 1%%5%11:3{! e éﬁ%ﬁ%ﬁﬁhg ? dssupply or may be

formed in the annul'ar region”define

vented I?@ W&d Q&T@Q}C@l&% .eH%F‘%%E %8 %Clg Z'H{\@ ggaxgggy&‘? ?r?alyhég %E(Fjlll.rg balanced

[ange sea provi des

with thQ %gﬁ% gg eRUirMQntZJu%ﬁK?%t etH% glrl]lbcrgx%%elég?oxgn g#; alé%k Blg,amber'does
o B A BB T 1
4. 100261 |
open 1§ Y ener Al 8'%&8” e\éyv%ﬁglrﬁ%tg{ ogbcogﬁ%gbté’t ? A’E?SSB’FFaﬁ%‘@Pe%&t‘%’F gystem that
. i | fl d |
maintaip e 1Sl BRIt i b AR e a"’gﬂ)‘lr"e%Depglndl ﬁ;pgny
T

6 and t chapgber 64 may be rec cled into the
d'sposeﬁ Wé S wplving PG?SSH"aé‘“'doEY‘%FéH i@ dluid tq gatend port 58 actuates
surroundrng environment. Slack fluid chanber 60 may be
pressure bal anced with the surroundi ng environnent
such that the fluid pressure ithin the slack chanber
does not resist novenent of piston 38. In certain
enbodi nents, slack fluid chanber 60 is |left open to
the surroundi ng environment or coupled to a pressure



di sposed agai nst head 42. Supplying pressurized
hydraulic fluid to extend port 58 actuates WO

w2008/ @225257PCT/ US2007/ 018114 oper at or syst em 3a-@nshoo7/018114
noves piston 38 toward bonnet 32. As piston 38 noves
toward bonnet 32, fluid within slack fluid chanber 60
i s pushed through slack fluid port 62 and fluid within
retract chanber 64 is pushed through retract port 66.
The fluid pushed fromslack fluid chanber 60 and

operargyETRL 3D G fg}lroagi@ast%{% B gftégfi BB 35 bt/ PRGHhaRmoves toward
bonmersEs A WbTLFRIK Bk THULE 60 FoRshe EHPUEhSI3pk Suhport 62 and fluid

contacts bonnet.32, as is shown in Figure 3. 100281

within pefsach sbamibst 6 isPushed thiewah reiect Rad &x dihe fluid yehed from slack
during extension and retraction, the difference in

fluid chamber 6Qand FeiTashekamberfdhmey & T8RS v Aydranlie ggservoir or ejected
di ameter hydraulic area for retraction than

to the syrraundingrenvirphinent. mda | hadealiofiluid is enppdigdite @ﬁ@ﬂﬁ@hamber 56, piston
results in a reduced total volume of fluid that-

.38 wilkaglinve tb wove yotibthelpstop eorteas boystt 32, betswbewnan Figure 3.
extended and 'a retracted position. The reduction in

(0028} ridepanseeptsfonuisdmvet mires theysatye axfalsipgeical duringerxtstsidnend retraction,
subsea applications where perfornance requi-renents

the diffesares $i flaidrdgoéesteatsdg ecldbvdddngesing b smedlenfiafietirchydraubic area for
the bl owout preventer assenbly. Reducing the vol une of

retractioinuthan reeshethnt o Thizvantidiace pel Adidr regyib@entsaretiiles in a reduced total
retracted position reduces the volunme of fluid that

volum@i@ed dhiidl chixeisstequized Wb tdyclehthebdpamut spstemebéteieen an extended and a
assenbly. 100201 Using a snaller dianeter hydraulic

retract@d @asition. I hé asduddidnhiasrdqiRe@dind ematihaPfoe of special interest in
generating less force during retraction. In certain

subseaSippHédti o8 Svherd @effOFra g BRI PRt DY edcid 0P HeAliOHags Y5188 volumes
in nmoving to the retracted position is insufficient to

of fluidoN S the & 1Gh @R PreveRaNakcrblly. RERRIE ©ESoliné 08H8Id Mleded to move
-certain conponents of the system In these situations,

the opbrfatdrl§sRpLi@tRg rétYa%ft&!TFbsﬁn@:btrétﬁic%Q tBORWBLENTBOIRAA Shat needs to be
within the systemmay fail. Therefore, reducing the

storedmﬁeem@pe@bémﬂa@&na&w action helps to mnimze
damage when the operator systemattenpts, but fails to

{0029} r@élh?q sﬁxa@lbpsdi'érﬁet@?mﬁlﬁé&dm}é@l R REBYEM has the added benefit of
uni ntentional rel ease 'of hydrocarbons by preventing

genera&hg 18RE 80 RbinkNRHGLOSYT GnBIAGE Mo dRE f@fc@sgé%?at.ed by the
301 Although operator 30 is actuated E)y hydr au

operatcﬂ‘r Eis?‘élfﬁem WYn@Q@'thQ%{rQ&é%?ﬁﬁmr eQuilG 01 ecgf%&%l fhe closure

n order to maintain t position o osure -

memb kodelds Hgﬁgﬁ?}%ﬁy f?{) L r&ﬁf‘cn?rfl%&%egﬁsaw thé S tgﬁls Yh8hesk Bituations, if

er to posi pIS
o o0 E e B A i gy T

s Whi ot a | vy _.cou hea 42.. S%\ﬁ
redum%{h%éée ener%t 8 d¥1r1'n§ it racq%ogq‘re 105 1 gldmggz %:ﬁlgg% gv%leg 3‘1}6 operator
systemraqperr'zp%s,rb%tt %Eli?s to retract a closure member and helps prevent unintentional release
of hydrocarbons by preventing the opening of the closure member when under pressure.

{0030] Although operator 30 is actuated by hydraulic pressure, many applications also

require a mechanical lock in order to maintain the position of the closure member in the case



[0031] Referring nowto Figure 4, once piston 38 noves
toward bonnet 32 lock rod 46 is rotated. The threaded
engagenment of |ock rod 46 and sliding sleeve 44 causes
the sleeve to nove axially relative to the | ock rod.
Lock rod 46 is rotated until sleeve 44 contacts
shoul der 68 of piston 38 as is shown in Figure 4.
. | LSt Or.ev. o
of i sg%rﬁggdﬁhﬁ@}ﬁﬁfsﬁ%ﬁ% drd&ng %ggtlgéﬂ? 18k égtoﬁ@% 1@ E%X‘?Q‘B»ﬂ’]dmg sleeve

enent "o e plston‘awa romvonnet

The .t hr ead n enent of .Lock rod 46 and s]i dj .
44 5 Bt P SRR s Bl 38 856 s ofucit Vb roa 46, which
. force on the sliding sleeve will not rotate the sleeve
is yogatahly geunled inead dek Shdiag strrysd4 wvans e1iplly rriptivedelask4gd 46 when

is in contact with shoul der 68, piston 38 is prevented
theflodaradov rvfgtedway from bonnet 32. Once sliding sl eeve

44 is engaged with shoul der 68, the pressure within
(0031 ®rterahamoear (oSBigaa enck gilice d8 anehepitshard Bhned 82 lock rod 46 is

remain in the extended position. In this manner,
rotftel OTRO1SERRY @nfshetdt bORKK HOH 44919 @ﬁﬂiﬂ%%lé&% a4 |0919§@? Rk sleeve to

system that can be engaged to prevent closure nenbe

- ' ' i I . .
o ETSHEN UL BRSO s st
oSSR BRaSTISRRBRC SEI IR nly BBk B v

back to the retracted position of Figure 2, hydraulic
thegpexeaang of defiisian awppiipadonsctedét end chanber 56. This
renoves any axial conpressive |load fromsliding sleeve
{0082] dhd throadedrandagBnenn df &ick ownd 46 med Isbidingrstedve d4 be'self-locking' to the
rotated. The rotation of |ock rod 46 noves sliding

extghieyendd fama\onfthe Midihguledas wiBnothythi@ibeisteePé @880 the lock rod.
can then be applied to retract chanber 64 so as to

ThDShd §¥c91%%%e$@@fk il oy dadiNgik %E&ﬂg&‘e@.gﬁébﬁ QN5 Ofevented from
Figure 1. 2008/ 024257PCT/ US2007/ 018114 (00341 Lock

, b . [ el [
mo%g%r é:\gﬁ‘; ?1%11? %oﬁ%t%fg?%éeér ﬁ}d\éﬁ%%ﬁg% gﬁ i§ e%écliéelldﬁwgg trs él?lrd]er 68, the

ot ors: or I ng device

PSR BT Bsb LR SBGHASE B UESE Hes SR 8 G igain I the extended
| ock rod 46 is coupled to notor 72 via transm ssion.

posgiyan. dting npdger sHamefsdgese A tandnodly s 4heprspieds atloclting system that
| ock rod. Figure 4 shows notor 72 being directly

canl b kegheed 1¢ poventodoshie wictibouB4 drohr apsnis sniorengystllymAithough only
In'" certain, enbodi nents, both system 70 of Figure 3

shoad TiTeHe0 Ful §2 e abndddgatidel odk @l @o g s, PRRIGhkIelvddAL kP engage and lock
systens that allow manual operation of |ock rod 46,

agagiufgq:[gisgél fpg/inaang,q;ggﬁﬁ[}y operated vehicle (ROV). The ROV
coufd be used"to supply hydraulic fluid or electrica

Q..0perate notor (2. | e used to directly ..
0B3Fh s RDBNE AR08 RhaS el L3R 5 a0 R Baf 6t of Fieure 2.
rator system 30 .can operate effectjively while | :
hy it DRy S el frpééleﬁgpd?ﬁ‘fﬂtﬁ aen ¢ oS oS PonO YRy mpressive
for extension because less force is required to
load igracilidgicoslgee fbrbdrioddrathan and dlvendictlaek epdsube rotated. The
menber into the wellbore. The maxi num di aneter of the
rotaper @t lock sybtemdvors shdingricbypés bivanwdutm phavéartasr Hygraulic pressure
often determ ned by the hydraulic pressure area that
carl Sefi ®@dWbpesh 00 cthaSPahber Brkd ROEMBIIBKINWHE badRikiiE the retracted
pressure. In high-pressure applications, the dianeter
: 3 rating systemis often larger than the
p0§é$%ﬁfﬂgﬁ%she bonnet that is coupled to the bl owut
preventer body. As many ran}t¥pe bl owout preventers
are constructed with nmultiple'rans operating in a
single body with nultiple cavities, the dianeter of
the operator system often determ nes the overal
hei ght of the assenbly.as the individual cavity
openi ngs nmust be spaced 'apart to allow cl earance for.
the operator assenblies. [00361 Figure 5 illustrates



bonnets 86 to be | ocated cl ose together so that

bl owout preventer body 84 has a m ni num hei ght as

W 2¥gioasbet ween upper connection 85 and | ower pCT/US2007/018114
connection 87. [0037] The parallel dual cylinder

operators 82 are schematically illustrated in Figure 6
where area 90 represents the pressure area of single
cylinder having a large dianeter 92. A dual cylinder
operator is represented by areas 94 having snaller

003 3% §r4e oS5 PR By %?vginseséé SE6FE eom hdidics el o o
0 of t he ge di aret er _cyl.i nder. )
mta““ﬁrd& 6 30 sktratmbod pRisy B ke, ot BuaHES Faes tog cen provide
el i eved diameter_ 96 is £prOX|nater 0.71 tinmes
15,000 ‘}fg’eﬂ%ﬁ“déz" £ KgAuex dfpFigire Selnsht eh 46 nishcannderttermotor 72 via
erator can be repl aced by an operator having
tr&nsmgﬁér% valer R thad trapefersgration Sonciieqnpier ito the lgglgg@tt Figure 4 shows
hat this reduction decreases the mnini mum spaci ng

motor H@t\mé& digr iy diked 40ilesle sod Ménvithoens demsimpssioes ststem.  In- certain |
t wel ve i nches. 038] Figures 7 and 8 illustrate one

embodgugms,ﬂmﬂapysépmc‘,{q offdgyreGpamdanotor (7Baif Bigwe 4 maeqnpped with backup
reduced fluid.volunme for retraction. Parallel dua

systemg yihatrallew mu@h aperationt efiiotd God 46maunht @by o raentedt odddted vehicle
and conprises two parallel operating cylinders 104.

ROVIEaThe %Vamu}@ beydsed dersupfly hydpulis dkiigios tetaviiad pb®&r to operate
pi ston 108, operator housing 110, sliding sleeve 112,

motor Zhdr tadi bmldedﬂoﬁldxr@ﬁghomeslboh rodd6.106 i s coupled to
support nenber 116 that couples to a cl osure nenber .

(0035] (otlissimsen previchisty)sipeasort Hiatenp 39tdansoptife efBRIVE]ly while uiilizing a
axi ally synchroni zed. Cylinder head 118 is coupled to

smalleb bytirantici sireg Sorl tddractiOd IRIn Fac bxhsibANbek@BeC RRYPFH&ESs required to
body seal 120 di sposed on body 122 and fl ange sea

retract fdlange m@dbeli Spomean toneithad ke L2burdSeadsber2thit@nde Wdibore. The
seal i ngly engage operator housings 110 such that the

maximbhousiiargetess ofi thedegerhtol GyaeneXbend rﬁlﬁi&%@rblé%ut Yrdkter is often
fluid chanber 130, and retract chanber 132. The

determired by hedhpdraties pefssirbange is2ab rd@frddstd élb&,efhet %ﬁbér@ glnder full
scal ing diameter of body seal 120 such that |ess

workingpréats Mmadi 0 pfdshire b8pielons NBERRIMA 320 RERLLS:
required to %'F Se;?gﬁglchaﬁber 128. odﬁo pPan Sﬂ?mnISOﬁen

larger HERkhCNiEROSY the RRHALAhaS $oaPlcd(l RP Sfc@&cﬁﬁ g‘r&enter bady. Asmany
essentially the sane sequence ‘as operator system 3 8

ram-ty St BRAVINE Grévent®s atd %hs?&ct’éh%ﬁﬁ?mﬁhéle Ja% tgpg in 2 s dugle body

operator system 100 is shown in an xten

with miRpd tAMies telliRBettl gﬁﬁbﬁggsﬁkéﬁ lj'lgt%g H‘Iés tﬁﬁ% overall height

pressur|2|ng extend c thro

of the ab3¢mBR%sihE hdiGuall dlgﬂk%ggn&xgg ﬂuéﬁgg ggz#@g 21168 Searance for .

noves toward cyl 1 nder eeve

the ope;&grésge,qbﬁgpgaged pressurized fluid is appl | ed
through retract port 138 to retract chanber 132. The

[0036] ﬁ%gépuilr 'él?lg%rai%fgh%%t\g)l}é B ﬁl‘ga%‘eyfgﬁéﬁ%g e%g llj(‘goé%qrfsmg parallel dual ‘
cylmde%gpx%'igr% y ) e 0 ndé,f gﬁ Jbgrzl%unt gsnS&P ﬁq %%F)g;s%f t EE%QL iv].ro smaller

eturned t0o the extended

100
dlﬁ.mﬁte@ﬁ{’(ﬁ‘t auli o%'?itlgggﬁr ?{'ozv)}c'iedﬁﬁ\l W”Hﬁalﬁgﬂr‘: R fmcgl E} a. single, larger

ext po 134 to extend chanber 12
-d‘am‘*‘%h&%%‘nfogyﬁﬁés {-%Wﬁrﬂn%‘g‘ﬁn@?% hyqragli W’(’?ﬁqﬁs $llgwk adjacent
fluid chanber 130 is pushed through slack fluid port
136 and fluid within retract chanmber 132 is pushed
through retract port 138. The fluid pushed from sl ack
fluid chanber 130 and-retract chanber 132 may be
retained in a hydraulic resedvoir or ejected to the
surroundi ng environnent. Once piston 108 is fully in
t he extended position, lock rods 114 are rotated so
that sliding sleeves 112 engage the pistons and



WO 2008/ 024257PCT/ US2007/ 018114 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 gears that rotationally
couple notor 142 to Iocking rods 114 Override 146 is
bogxé%? ﬁ§ W EJF: I?&?atte?islci i)g?til\;v(igcgqgigg 0W061d %?T%n 8; 8?53! %/ill\gas a minimum
t he not or erride may praovide for dire
ey AP CATe S P AE RD BT COPPEFILH %anéﬁowwoape%@y %r ovi de
for the external supply of hydraulic fluid or power to
[0G351 dihe pamllehdphalinfheopasatots Esare Schemmtigblbyidlugieaied ingdgure 6 where
operator system enbodi nents may be used al one or in
areaOUp spadskmn .thd-presanxanmacyt difide regtnde haviplgiariarge diameter 92. A dual
refraction operator of Figures 2-4 nmay be used in

cyBRIERi dpetdnisWepRsdh@l b GktR4 ﬁﬁi\nﬁ@ Al 1id i RheSdr €Y Diameter 96 is
| ock arrangenent as shown or may be used with other

selle?tgéf Loh tz%tsfh%r{g al %g‘%aﬁfl whth HU? dpRe lﬁg@% 59 as"‘ll%g\ﬁal t? area 90 of the

I di'ng eeve arrangene e use
ator S othe s _of near tu e
smgt} aLge. dl elp(gyﬁglﬁf: Cinl] %’%é@&tﬂ%{'y g Yaé?ﬂ% §ssure ared, it is
al sqQ be used in other a |cat ions and w th ot her

belﬂ%@@@é}ﬂetﬁu & léﬁpﬁfﬁdmé‘g}?lbf ﬁd’7e1rma§%@ﬁ@r8wé§2 AOrFEHpplgsa seventeen inch
ot her | ocking systens. 100451 Although these features

diagaaterbeparsted dan ot meplacagphyi @at drenapr hheindempealidbeivelve inch pistons.
features provide a synergistic benefit when used in

Cataidtionatstgaest Aat dils exdrmbe dearca@s bhe niiamuish Gpauitg between adjacent
preventer that uses a parallel cylinder operator

caid&d BNV RGN 8L R URBLdset ract i on (the operator
syst em of Flgures 7-8) is lighter, shorter, and uses

r 0

[Odﬁi% é&%@ ﬁédsdl Eﬁléfu(s:%%g 85? mhia?agme/?yq 1%@9%@1?51 M\Byéllﬁo featmes reduced

ﬂuhc{ \é%lulblre C]E:Iélg.gléorrg :i’)ﬁlﬁllqe]f 3\&9 Exg ?:Qggl\é&éltsgﬁg%ﬂé)ﬂ munped to bonnet

npared to many conventional | ocking systens 100461

10%. @gxsir goTpRrI§ep | w Padel aregrbns v liplay elrﬂ4er agh aenerppg cylinder 104
coupled to a well head 202. Bl owout preventer stack 200

comprigsirggen seod Hite pissatll, apgetvb hyusiaz 1 Hhdlidmgsiroee 112, and lock rod
stack assenbly 206, or |ower marine riser package.

114.dveh psdt@actodadsanmbbyplDé sapppt heabeal Welhbhaagles to a closure member
connector 208, ram bl owout preventers 210, annul ar

(nRIsRYRHT alf @4ERE fRat DltonsClRkenandakhily sMRhMRSed 1@31 nﬁ&g head 118 is
hydraul i ¢ accunul ators 216. Upper stack assenbly

Cm%ﬁ&p&;@ﬁﬁh0M£%%QQ§/024257PCT/U82007/018114 annular

owout preverter 218, choke and kill connectors 220,

o038 Pao5Rhalb s hat® e et 2B et Po58Y de popddinge seal fane

rel easabl e connectlon bet ween upper stack assenbly 206
124 dpppeder Bangel 283wl 3P ool 244pakingly cegags cpgigtationgings 110 such

216 are nounted to franme 228 that surrounds | ower
thag thechovasgenidlwde@0ato 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 fill retract chamber 132 than is required to fill

extend chamber 128.



f00471 Therefore, the preferred enbodi nents of the
present invention relate to apparatus for inproved
ramtype bl owout preventers. The present invention is
susceptible to enbodi nents of different forns. There
are shown in the drawi ngs, and herein will be

10048} Erialiediuiahcdeidar dperatpesistant 1@drbpaite it sssaftiailfehe same sequence as
present invention with the understanding that the

opdi@s ePdterdi MCHR1ibR inSrelaiohao Q@%\ﬁbﬁ@ﬂ&dn #pure 7, operator system 100 is
exenplification of the principles of the |nvent|on

sh(ﬁﬂg ih sam%ktehaé@@quw@ed Hhﬁloﬁh%haﬂl eﬂ%&&nﬂ@ fshafsengaged by first

| ustrated and describ erein parti cul ar,
pieg 8 zmﬁse{f‘gbcf a]tq}eo ! SI%Q Iﬂgaugl% g)étﬁﬁg Hoghlg\ﬁe%tcil A c?tat\éligdﬁ)ck rod 114 so

xity, and fl r qU|r s of n}ty e blomo
that, rﬂrefévpé ‘éer §10V%ft%vf%rﬁc@fls e 101 9@%5@@1? o DE S disengaged,
the concepts of the present invention to ramtype
preﬁﬂﬂém@ﬁlupf svanplied éhlouﬁh retiaet peié 188 to letrash nloapires 192, The pressurized
present invention is not limted to these
fluidppllingateiractschaaridr dan widl nwed figon d0§ totvher head 118 and pull support
applications including other subsea hydraulic
meB@ PIE Bfward bohget 1102 RAtHT Ubdritof 86RERI126Gs Ik il retracted position of
di fferent teachings of the enbodi nents di scussed bel ow
F1ﬁﬁ¥ be enpl oyed separately or in any suitable
#%lnation to produce desired results (hﬁg The
rth her ust
f“"%%% SR 10Fs YelisE B BERelR G hera et Fbe®7 by appiying
etal erejn. will be a i ated t hat many
hycgm& wéd ?Oiu&]léleﬁ@ﬁé PaFid 3B OB beol 3 sangen d98 meoves toward
herein may be nmade without departing fromthe scope of
borrke 1 hvidnd ivathin slaghduichdlemliord 38 onpapied thongh plack fluid port 136 and
di scl osed. Because many varying and different
fluienoiinr eeadtschamyeb €3 Irid pusiietl hhivuphectseopertof38t e fluid pushed from
i nventive concept herein taught, including equival ent

sladid FURIt A8 S P 1 30TRE R Fduat Scipaiipalibe rmztyhi%i&lﬂimé?lf in @RGdraulic reservoir or
because many nodi fications nmay be made in the

qe%@@ﬁg h@%ﬂﬁ&uﬂﬁ%&ﬂu‘%ﬁh@h %E b A& P(dei@rf‘?l%' W b ckdeh&ed position, lock

escriptive re
/ 024 57PCT/.U8200.7/ 018114 he | AN b
10dgﬂg ALY BT %10(% ﬁ%t U% ggléilét sleevEs Illg% 8E$?%8|1@SN Pig%otgalagd tp(r)evegt movement of

|nter§reted as |IIustrat|ve and not inalimting
the pis ronpiag exieded BPSHERMi s: 1. A subsea bl owout

prevent er operator |ocking systen1conpr|5|n§
0042 |osuppertmegrblest ;1 16 ensures that pistons 108 and piston rods 106 remain synchronized

during the operation of system 100. The hydraulic system that supptlies 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.

[0043] 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



a first piston rod conprising a first end coupled to
t he cl osure nenber; a first operator housing

vamzpsvsisy a first end coupled to a bonnet andp@r/ysieer/eisiis
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
wi thin the operator housing; a first piston at
| east partially disposed within the first operator
housi ng, wherein the first piston conprises a body and ]
generaljy ety ongripehopsings 190 JHata 2o Phighemey bera Isydipwic, electric, or
rod i s coupled to the body of the first piston;
other rgopFig £ouled (BN TRIPSION y 44 o ovedidR 146 ansaihion 144 comprises a
disposed wthin the first piston, Wwherein the first
plurality @EE@?HF shat grtatioopldy cyuplexedtor d4dttoleckiogtrhds fll#stOverride 146 is
pi ston; and a first lock rod rotatably coupl ed
positiongd shes e adowrrgcedsrie dbie dhse eifyigedofvobtort 4@ dr the tsupply of fluid or
sl eeve, wherein rotation of the first lock rod axially
powertoe treshatives Ovheide 46t msy pewdde Adralitegemiechdriienl kotaddbn of transmission
pi st on; wherein one end of the first |lock rod
144 orpnayj moveietfbr thegittdrhd shpply afitddrauliefatidbl yowsgroaatra42.
subsea fromoutside the first operator housing; and

10044] Vifier fehturéshef thi LBbviedciibed Spbatdealbien EmBsdimeneNBay be used alone
position by rotation of the first lock rod to extend

or in cobperbtigist Fot eeaunple] e kiithedd Vs TeR It SiRirstot B Figures 2-4 may
position by contact of an end of the first sleeve wth

be used hecodyinbiod fvithhae lddkile RISA@sliding sIEHR: RER98@NSLAYWRUL shown or
preventer operator |ocking systemof claiml further

may b€ QBRT withtGhé 18BLiAE sGAIRIse BikBlab e tRNBeRnglB8 dhlif Haing sleeve lock
| ock rod that projects through the head.

arrangement can be used with other operator systems or in other types of linear actuated
systems. The parallel cylinder operator system may also be used iﬁ other applications and
with other types of piston and cylinder assemblies as well as other locking systems.

[0045] Although these features can be used in other applications, the described features
provide a synergistic benefit when used in combination. As an example, a double ram
blowout preventer that uses a p.arallel cylinder operator system having reduced volume
retraction (the operator system of Figures 7-8) is lighter, shorter, and uses less hydraulic fluid
than a conventional blowout preventer using conventional operator systems. The use of the
locking rod and sliding sleeve !o.ck 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 accumutators 216. Upper stack assembly 206 comprises

11



3. The subsea bl owout preventer operator | ocking
systemof claim2 further conprising a transm ssion

wapsnabiast y coupl ed between the notor and the ?@ﬂm@ﬁmwam1m
the first lock rod that projects through the head. 4.
The subsea bl owout preventer operator |ocking system
of claim2 wherein the notor is a hydraulic notor. 5.
The subsea bl owout preventer operator | ocking system
of claim1l wherein axial |oading of the sleeve does
not rotate the first lock rod. 6. The subsea bl owout
annulag rbmte?rewéwa%kﬁ, dhekkiang kdi} soanecitrs 324 meyr adapterdiex joint 222,
conpri si ng a second piston rod coupled to the
controg peds ﬁ84n@¢ﬂ)@pllef\/\h@l@ﬂwrt -sécaletl cpiector 236 provides a releasable
conprises a longitudinal axis that is parallel to a
connethngbettw@cmappaxstsciofassehdalmm apl avoer stack assembly 204. Hydraulic
. second operator housing conprising one end coupled to
accumtifatorb @b ete, muoheted ite finine 228cthacsupioshdntowed sexck asednbly 204.
t hrough the bonnet into the second operator housing;
{0047] dllseefong th praderrabeampbediniantd b thegnost Pivehaon freldteadtapparatus for
di sposed within the second operator housing; a-

improwgaenstypt dioveoutIprelrenedry. diheposed: wivbitioh B wadkptikle to embodiments
di sposed within the second piston, wherein the second

of diffelereRemiss Tiafrahiosiaiviry if theetrah@hgd] avEhbRid Well $RCRBELbed in detail,
pi ston; and a second |ock rod rotatably coupl ed

specifit cerhbsliiRad andhé NFeaahe dinb¥neRgaed v ttﬂdﬁfé%naﬁfgo @ght the present
sl eeve, wherein rotation of the second | ock rod

disclosind Rl thbet dongigeatiaon &itgiERaish of BRVRINHIS bV el iQvddiRn, and is not
second pi ston;

intended to limit the invention to that illustrated and described herein. In particular, various
embodiments of the present invention provide systems that allow a reduction in the size,
weight, complexity, and fluid requirements .of ram-type blowout preventers. Reference is made
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 hydraulic equipment. It is to be fully
recognized that the different teachings of the embodiments diséussed below may be employed
separately or in any suitable combination to produce desired results.

f0048] The embodiments set forth herein are merely illustrative and do not limit the scope of
the invenltion or the details therein. It will iae appreciated that many other modifications and
improvementé to the giisclosu.re 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 f;he inventive concebt 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 _ N



wherei n one end of the second | ock rod projects
through the head and is operably engageabl e subsea
wio mor/eutsi de the second operator housing; and perrusago7/018114

wherein the second piston is |ockable in an extended

position by rotation of the second | ock rod to extend

the second sl eeve, the second piston being held in

position by contact of an end of the second sl eeve

with the cavity of the second piston. 7. The subsea

bl omout preventer operator |ocking systemof claim®6 )
of the Jals itHa o g@) rRderstoagd that i detaidobpriagere o bpantpipreted ppdjustrative and

rod. 8. The subsea bl owout preventer operator | ocking
not in alimitee sl ai m 7 wherein the notor is also coupled to

the second lock rod. 9. The bl owout preventer

operator | ocking systemof claim@8 further conprising

a transm ssion operatively coupl ed between the notor

and the first and second | ock rods. 10. A subsea

bl owout preventer conprising a body conprising a bore

t heret hrough; a cavity disposed through the body and

i ntersecting the bore;

13 ‘



a cl osure nenber noveably di sposed within the cavity;
a first piston rod conprising a first end coupled to
the closure nmenber; a first operator housing having a
first end coupled to a bonnet and a second end coupl ed
to a head, wherein the first piston rod extends

t hrough the bonnet, wherein a second end of the first
piston rod is at |least partially disposed within the
Vol i stlomen dusi ng; a first piston at |east
partially disposed wwthin the first operator housing,
Iwher @i subtdadbldwans brepeistiorpeeatfineldessydtehoaynaiRthga

fl ange, wherein the second end of the first piston rod
I's coupked mdenidehe body of the first piston; and a
first | ocking system conprising: a first |ock

rod elabhallod eemm% Qﬁw@mﬂ&%:ea@@ htegﬁc%ﬁféﬁﬂ%ﬁ(ber
engaged with a first eeve t 'S s I ngl'y di sposed
Wit hi g Iaﬁertltlo[ ﬁgusmgscto%'lsing 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 sleeve slidingly disposed within a cavity disposed within the first piston,
wherein the first sleeve is rotationally fixed relative to the first piston; and
a first lock rod rotatably coupled to the head and threadedly engaged with the first
sleeve, wherein rotation of the first lock rod axially translates the first sleeve relative to
the first piston;
wherein one end of the first lock rod projects through the head and is operably
engageable subsea from outside the first operator housing; and
wherein the first piston is lockable in an extended position by rotation of the first
Jock rod to extend the first sleeve, the first piston being held in position by contact of an

end of the first sleeve with the cavity of the first piston.

2. The subsea blowout preventer operator locking system of claim 1 further

comprising a motor coupled to the end of the first lock rod that projects through the head.



wherein rotation of the first lock rod axially
translates the first sleeve relative to the first
position; wherein one end of the first |lock rod
projects through the head and i s operably engageabl e
subsea fromoutside the first operator housing; and
wherein the first piston is |ockable in an extended
position by rotation of the first lock rod to extend
3t he fihe subsed Weweut mrenenfer ppdratpr brking bsteny ohepith 2 further
position by contact of an end of the first sleeve wth
coinprigeya trynsofissidreoferatistlygbsplodbetitenlthe nstdraad the endodithe first
preventer of claim 10 further conprising a notor

leaupd Bdt projebRehengh ob hede first |l ock rod that projects
t hrough the head. 17. The subsea bl owout preventer of
claimll further conprising a transm ssion operatively
coupl ed between the notor and the end of the first

4l ockthod kbl REQ ﬁgegiegpéﬁ?{?p%@rﬁ% P}ﬁs?%% 8113151&{‘? uﬁi&ggletﬁe

bl owout preventer o motor is
Y& i@ b diad TR Rbtor.
5. The subsea blowout preventer operator locking system of claim 1 wherein axial

loading of the sleeve does not rotate the first lock rod.

6. The subsea blowout preventer operator locking system of claim 1 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;

a second piston coupled to the second piston rod and disposed within the second
operator housing;

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

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

relative to the second piston;



does not rotate the first |ock rod. 15. The subsea

bl owout preventer of claim 10 further conprising:

a second piston rod coupled to the cl osure nenber,
wherein the second piston rod conprises a |ongitudina
axis that is parallel to a |longitudinal axis of the

first piston rod; a second operator housing

conpri sing one end coupl ed to the bonnet, wherein the
secohdteisinsengrend od thexewnd doakhed p@hﬁctsﬁbrobeh Hetheadhangl is perably

second operator housi ng; a second piston coupl ed
ehgrgtitde sbeanitomiostsale thodtcanibpdiaspdoedngianti n t he
second operat or housi ng; a second sl eeve slidingly

di sposedinvhé b@can@ﬁmw:i MckibsPia S @xiehddl positia byes@fich of the
pi ston, wherein the second sleeve is rotationally

sédoX @ bck @bl v Ronti hd REoRRGQRNE R LAY pigdA b@m§ %Elgrhq posmon by
| ocki ng system conpri si ng: a second

c&%@to?ﬁ é’nactﬁqf?é ?eg 1Psit e \Xﬁlﬁlqge @{'\fﬂ bngaded X) Sﬁ&gaged

e second eeve erein rotation o e second
| ock rod aX|aIIy transl ates the second sl eeve relative
to the second pi ston; wherei n one end of the
firs k r ects t hr gugh t.he head d i

Toper S5 § P8sruBS EhEs AP RPeRr OE G phicin § Gpthe

0 erator housi n wherein the first piston
CWEPW%%k%WPE“Fﬂwﬁﬂj@%?%ﬁﬁéﬁmbﬁglt|on by rotation of the
first lock rod to extend the first sleeve, the first

pi ston being held in position by contact of an end of
the first sleeve with the cavity of the first piston

8. The subsea blowout preventer operator locking system of claim 7 wherein the

motor is also coupled to the second lock rod.
9. The blowout preventer operator locking system of claim 8 further comprising a

transmission operatively coupled between the motor and the first and second lock rods.

10. A subsea blowout preventer comprising

a body comprising a bore therethrough;

a cavity disposed through the body and intersecting the bore;

a closure member moveably disposed within the cavity;

a first piston rod comprising a first end coupled to the closure member;

a first operator housing having 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;



the first lock rod. 17. The subsea bl owout preventer

of claim16 wherein the notor is also coupled to the
second | ock rod. 18. The subsea bl owout preventer of
claim17 further conprising a transm ssion operatively
coupl ed between the notor and the first and second

| ock rods. 19. A nethod for maintaining the position

of a hydraulic subsea bl owout preventer operator

conp# gt pigton at least papiially glispossidstitvin thedpeiswdrawir hhuging mvherein
operator housing to an extended position where a

thedl fosstyrigomeoriygises havdyi sidadigpkedvieneit He spesidand oSthe first piston
di sposed within a well bore; and whi | e subsea,
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€remn rotation of the first lock rod axially translates the first sleeve relative to
the first position;
wherein one end of the first lock rod projects through the head and is operably
engageable subsea from outside the first operator housing; and
wherein the first piston is lockable in an extended position by rotation of the first

lock rod to extend the first sleeve, the first piston being held in position by contact of an

end of the first sleeve with the cavity of the first piston.

I, The subsea blowout preventer of claim 10 further comprising a motor coupled to

the end of the first lock rod that projects through the head.

12. The subsea blowout preventer of claim || further comprising a transmission
operatively coupled between the motor and the end of the first lock rod that projects

through the head,

13, The subsea blowout preventer of claim 11 wherein the motor is a hydraulic motor.
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20. A nethod of |ocking a subsea bl owout preventer
operator |ocking systemincl ud ing: extending a

cl osure nmenber within a well bore by noving a piston

wi thin an operator housing, the piston noving relative
to a sleeve that slides within the piston while being
prevented fromrotation relative to the piston; while
subsea, operably engaging, from outside the operator
housi ng, an end of a rotating |ock rod projecting
through a head engaged with the operator housing;

Iaxi allhy suhsteidivog trévensr efeieim hdwbereintexigiletion diyhe sleeve
rotating the I ock rod threadably engaged with the

dsbee egtatt ie: keleveroapvi ng axially relative to the |ock
rod; and | ocking the piston by axially extending the
sl eeve into contact with the piston, the angle of the
t hreads between the |l ock rod and the sl eeve keeping

15he phe bitRed HIOMLIFERG et BECIShHERY Rinther 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;

a second piston coupled to the second piston rod and disposed within the second
operator housing;

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

a second focking system comprising:

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

wherein one end of the first lock rod projects through the head and is operably
engageable subsea from outside the first operator housing; and

wherein the first piston is lockable in an extended position by rotation of the first
lock rod to extend the first sleeve, the first piston being held in position by contact of an

end of the first sleeve with the cavity of the first piston.



16.  The subsea blowout preventer of claim 15 further comprising a motor coupled to

the first lock rod.

17.  The subsea blowout preventer of claim 16 wherein the motor is also coupled to

the second lock rod.

18.  The subsea blowout preventer of claim 17 further comprising a transmission

operatively coupled between the motor and the first and second lock rods.

19. A method for maintaining the position of a hydraulic subsea blowout preventer
opérator comprising:
moving a piston disposed within an operator housing to an extended position
where a closure member that is coupled to the piston is disposed within a welibore; and
while subsea, operably engaging, from outside the operator housing, an end of a
rotating lock rod projecting through a head engaged with the operator housing;
rotating the lock rod, which is threadably engaged with a sleeve that is slidingly
disposed within the piston so that the sleeve axially translates relative to the piston; and
tocking the piston in the extended position by contacting the sleeve with a

shoulder of the piston.

20. A method of locking a subsea blowout preventer operator locking system
including:
extending a closure member within a wellbore by moving a piston within an operator

housing, the piston moving relative to a sleeve that slides within the piston while being
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prevented from rotation relative to the piston;

while subsea, operably engaging, from outside the operator housing, an end of a rotating
lock rod projecting through a head engaged with the operator housing;

axially extending the sleeve inside the piston by rotating the lock rod threadably engaged
with the sleeve, the sleeve moving axially relative to the lock rod; and

locking the piston by axially extending the sleeve into contact with the piston, the angle
of the threads between the lock rod and the sleeve keeping the piston from moving the

sleeve.
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