WD 2008/ 024264PCT/ US2007/ 018159 FLUI D SAVI NG BLOAMOUT
PREVENTER OPERATOR SYSTEM
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 00011 Not
appl i cabl e. STATEMENT REGARDI NG FEDERALLY SPONSORED

s$R DEVELOPMENT Wobol Not appl i cabl e. pcrus2007/018159
BACKGROUND OF THE | NVENTI ON 100031 The invention
relates to nethods and apparatus for controlling
pressure within a wellbore. In particular, certain
enbodi nents of the invention conprise nmethods and
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CROSS-REFERENCE TO RELATED APPLICATIONS
[oco1) Not applicable.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
fo002] Not applicable.

BACKGROUND OF THE INVENTION

10003} The invention relates to methods and apparatus for controlling pressure within a
wellbore. In particular, certain embodiments of the invention comprise methods and apparatus
for operating e ram-type blowout prevenfers.

[0004] Blowout preventers are used in hydrocarbon drilling and production operations as a
safety device that closes, isolates, and seals the wellbore. Blowout preventers are essentially
large valves that are connected to the wellhead and comprise closure members capable of
sealing and closing the well in order to prevent the release of high-pressure gas or liquids from
the well. One type of blowout preventer used extensively in both lt;w 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,

10005] 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 z;.pipe that 1s disposed within the bore, or may be blind rams or shearing



100041 Bl owout preventers are used in hydrocarbon
drilling and production operations as a safety device
that cl oses, isolates, and seals the well bore. Bl owout
preventers are essentially |large valves that are
woosmbeds t o the wel l head and conpri se cl osus@ErpeNdr®Ess9
capabl e of sealing and closing the well in order to
prevent the rel ease of high-pressure gas or |iquids
fromthe well. One type of bl owout preventer used
extensively in both [ ow and high-pressure applications _
ind 1. BEEYEN LS thiP chi@t8 ioyRe LlpaMieular drilling
blind rﬁ@%\%ﬁﬁga&%ges WO g}p%gsed cl osure nmenbers, or rans,
icadl] oM L RL Bt o BRSE badhd Mddaisd gRed THHSr8dn n@hy Bplications
ﬂ?hmﬁhéﬂﬁﬁg%but prngﬁtg§ body has bore that is aligned
multipl¥! %Qw&ﬁepr\é@nlté?@ LR 24BRORE dnteablbivb@Sprentdr s@atks tthe doeipeise a
“and support the rans as they nove into and out of the
pluralit}VF Sam-A PR IR ut bevaRaRREHESiPel hethhagyifntyphief ramt er
. - éend of 'each cavity and supports an operator system .
(000s] (LBt BIbWEE frb@nfoty &e ofefluionfigurtd torbe eptitedrusing prssgrized
and out of the bore. 00951 The ranms are equi pped with
hydrausie @i 1@ ¢oREbEthS pokition eftheagtoste pewobiry relativedoviicnpase g lthough
the bore when the rans are closed. The ranms may be )
most biivialit peuetershiecioupledtocoflifid gump dr sunCHbAcRYRBOYES jof grgssurized
~annulus around a pipe that is disposed within the, _ .
hydratiiofajd, oranyrappiivetitrisireqite grasttain v@hmqfﬁ)éess%ed hydraulic fluid to be
2008/ 024264PCTQUS2007/ 018159 blind rans, which ar e
stored ciod fingpedietelyt availplls o gpriate dbg blopauigpeyauter i fhe cage of emergency.
articular drilling application pay 'require a varjet -
For exemplsi peny aibEeaanarating FRECIARCNS THITE A GIRNol Rreygly stiok 1o He able’
: applications multiple bl owout, prevepters. are. ..
(0 cylE BEN TS 3 RIOBE B l%’ﬁ‘P"’e@’\?"é heprigds @at’ﬁt&%°%€&1961rtﬁ°‘s‘)ese"ml

) a plurality of ramtype bl owut, preventers, 1 T, lar

times GglRE o PHCEIZE0 APk FRred v B cPEh dferbBbode BEResry tecee
bl owout preventers are often.conf.i qur : r o

 Dlowait YT B AR T S PO P of Brp e AR ave to

sitio f the closure LAk he bore.
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(o007 bgeﬁsfﬁm OJubgpqnaﬂﬁﬁg %g IRGLAMCr RS 8% Gde Bf BSSdIHiaBREr, high
hydraulic Y , hany a %Ilcatlons require a certain

pressite lb'iﬁ(}?ou‘i’f TR ESRU Z R oty Vetthl, | dndf hydirblit Fi@ rédudeRentand these
I mre |até1y aval | abl e"to operate the bl owout preventer

blowdi pld¥EntER € aP IR IMRhOGRES: inFBE dE@IPH ©c bISRYL Siekada@s and of the
operating specifrcations require a bl owout preventer

drillirfgtr% Kt BpdiSte@Ung ThisOthe ¥ilbedifient. of theDpresent Hlvasitnae directed to
menber between the extended and retracted position)

ram- 5%\/61&%11{ brgRenteisithg thal selpte ssercone thdst and otttep Aipdtaginns of the
- "the stack assenbly. In high-pressure, |arge bl owut
prior pitevent er stack assenblies, several hundred gall ons of
pressurized fluid my have to be stored on the stack,
cr eat i ng SEHMMARY ©ORTHERREFERRED BMEPPEVENLIS y st em

(0008} Certain embodiments of the present invention include a hydravlic blowout preventer
operator that comprises a piston rod having one end coupled te a closure member, The operator
further comprisés 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



100071 Because many subsea drilling applications
require the use of |large dianeter, high pressure
bl owout preventers, the height, weight, and hydraulic
fluid requirements of these blowout preventers is an
wORGskadks Criteria in the design of the bl owayus2007/018159
preventers and of the drilling rigs that operate them
Thus, the enbodi nents of the present invention are
directed to ramtype blowout preventers that that, seek
to overcone these and other limtations of the prior
it i - 1o MMBR dible s RRRHERRE o FMRGMMEINES He Qikidn comprises a
e co@érdttgi%n errbg%igféen#? of the present invention incl udep a
body artl/4 Rattel CA BbANOE! B TaRYERIRh 0P BEfendtih séalingiyeniaed vth the
pi ston rod having one end coupled to a cl osure nenber.
operator REuBRET AL Bady' seal Redispeedon Sksbaty apeisatealingty esgaged with the
havi ng one end coupled to,a bonnet and a second end
operatof BN TH fRnfesdl hakheetingt dametadgreatérahatsa sdalingidiametee of the
bonnet into the operator housing where WO
body sed)08/ 024264PCT/ US2007/ 018159 it is coupled to a piston
that is disposed within the operator housing. The
10009] [Uhas,cthe eRemplayesmbodimeits af preseit nMeuioncopinaisga eaghingtign of
di sposed on the flange and is sealingly engaged with
features el ahenagorthitcosile gubsmnﬁwhmmen@fdg%mﬁwﬂcﬁ@dtcﬁéml ofa
. body and is sealingly engaged with the operator
ram-typrobloment preventdr) sFhyee aedhyations ohes sharpetgristics fpd afvantages of the
, greater than a sealing dianeter of the body seal. .
present] grygutionTiid et rradiby @apRTERty toe MgstSkillRE <n Jhe frp dgep reading the

invention cqonprise a conbinati ogn of features. and .

Sollowia g ISt A oRRRAR G e i ST st I RIS A by femming
operation(gnd.control of a ram -type bl owout

to the gePRRBFHIELE “THKEEE and various other characteristics and

couant o5 gk Ml o DERRN e enct Y,
fol | ow i.led i. Pt .
o SRR IR P i P RS f pt

accomWL{‘%h%&W ngs. BRI EF DESCRI PTI ON OF THE

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

of the present invention;

f0012] 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 preventer constructed in

accordance with embodiments of the present invention;



100101 For a nore detail ed understandi ng of the

present invention, reference is made to the
acconmpanyi ng Fi gures, wherein: 10011] Figure 1 is a
ramtype bl owout preventer constructed in accordance
woblaos@piedi nents of the present invention; POOURPe7/018159
Figure 2 is a cross-sectional view of a hydraulic
operator in a retracted position and constructed in
accordance wi th enbodi nents of the present invention;
10013] Figure 3 is a cross-sectional view of the

{0016} FB1ié-a SO Al Vonhridoh 31ve of aSMBI cilihden oﬁaﬁteﬁﬁ&ﬂa parallel
unl ocked position; 100141 Figure 4 is a

dual cylifidi® Sp&aet;i onal view of the hydraulic operator of
Figure 2 shown in an extended and | ocked position;
0017 FifidT i§-h gtose sétivsal diew shardtalioylindes Wyddaulic ogaudtbiecanaticted in
bl owout preventer constructed in accordance wth
accordamnb eith embbdinehtstofl hepresaitventivgnt i on; WO
© 2008/ 024264PCT/ US2007/ 018159
o018} . Figure 8 is a cross-sectional view of the dual cyhnder hydraulic operator of claim 7;
[0019] Figure 9 is a partial cross sectional view of a motor and transmission for a dual cylinder
hydraulic operator constructed in accordance with ernbodiments of the present invention;
{0020 Figure 10 is an end view of the operator of Figure 9; and
{00211 Figurellisa bfowout preventer stack assembly.
DETAILED DESCRII’TiON OF THE PREFERRED EMBODIMENTS
[022) In ,time descriﬁtion 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 _écﬂe or
in somewhat schematic form and ;some details of conventiopal elements may not be shown in
the interest of ciarfty and conciseness.
{g023] Referriﬂg now to Figure 1, blov;out preventer 10 comprises body 12, bonnet-s, 14,
op;erator systems 16, and closure members 17. Body 12 comprises bor.e 18, opposed ca;ziﬁes
20, and upper and lower bolted cc;mections 22 for assembling additional components above
and below blow‘;ut preventer 10, such as in a blowout prevénter stack assembly. Bonnets 14
are coupled to body 12 by connectors 24 that allow the bonuets to llae removed from the body
'to'pmvide access to closure members 17, Operator systems 16 are mounted to bqnnets 14
and utilize a hydraulic piston 26 and cyliﬁdar 28 arrangements to move closure members 17
throngh 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



100161 Figure 6 is a schematic conparison view of a
single cylinder operator and a parallel dual cylinder
operator; 100171 Figure 7 is a cross-sectional view of
a dual cylinder hydraulic operator constructed in
woeosA2nee W th enbodi nents of the present |iFVEUS20670]18159
loom. Figure 8 is a cross-sectional view of the dua
cylinder hydraulic operator of claim?7; (0019} Figure
91s a partial cross sectional view of a notor and
transm ssion for a dual cylinder hydraulic operator

than 10CORGH! UBb&Etk RyREMO3E aNERuMdel o eislineti 3RS iDtoipld to closure
present 1nvention; 100201 Figure 10 is an end vi ew of

membel BS. QRS 8Fst@h doipritd fHstoRpsh 3 piktdri B8)ropetatdrahousiag 40, head
bl owout prevenier stack assenbly. . DETAILED

42, stidReSaRVE M Obock Hbd RREFEERERR COBOMVENTS 48 aauh flangé 5@. Body

. description that follows, like parts are marked

seal 52 bircuifaentiallyhsurspads bbdy 4l candasealingly wingggss wpkhaterhizousing 40,
sanme reference nunerals, respectively. The draw ng )

Flange kéa] Sr efrcanferentinlly eveswds flayzet ¥ asigealinghe engages fresatof kogsing

- of the invention nay be shown exaggerated in scale or

40. Thi seadingdishmter of flangstseal F4ds targardh sqading diemetsx of body seal 52.
conventional elements may not be shown in-the interest .

[0025] Jheehgagemyntgfibodysedl Sared flangoerb 4 RAPEraRY hogHne 40 divides

. Figure 1, blowut preventer 10 *conprises body 12,

the interingindithe orecratop dnta tthtee bydreulicallygsolalsd GBPIBE‘Hﬁee’e’,i"é’ﬁ‘b%’Pg‘bef 56,
17. Body 12 conprises bhore 18, opposed vi ties, 20

ctack SR HABIET S P POTASE SRTETRCE % C BHFBR DRRORILT 58 1 fpned betiveon head
assenbl i ng addi tignal onent bqve and bel ow .

42 and) PR, toshdy o Firied FOR SHAROULSS PYARHIC GRTT PR, i oxtond
st ack asse onnets 14 are coupled to.bo y
"hambﬁroﬁ%eg?a&g sfl%)éﬁﬁg?er%%l 8 ?’ﬁ%{ ’6’0’%‘5 ea?’é‘u o e gér?iﬁl\%é § Woperator

. framthe body.to ' provi. S I
nowsing S8R AP0 PY 45 Boflel Ao MR ehofis BT SR gom 2

providéa%ir:l Iz iR MEb AU d S pviitpts@&kzﬁuiﬁgggxgﬁﬁg BHET R&Bact chamber 64 is

ngenents to nove closure ne rs 17 through

fonnecPf?lvtjhE iaﬁxﬁxlgrc}.‘egilaﬂ tdgﬁﬁé'&q))pﬁgerﬁgr Ms&g]&)- and piston 38 in between body

seal 52 and bonnet 32. Retract 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 or; the
configuration of the hydraulic fluid supply and control system, fluid expelled from the eJ;tend
chamber 56 and retract chamber 64 may !;e recycled into the hydraulic fiuid supply or may be
vented fo 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 ﬂu?d chamber 60 is left
open to the swrrounding environment o;' coupled to a pressure compensation system that

maintains the balanced pressure within the slack fluid chamber.
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[00241 Figures 2-4 illustrate. one enbodi nent of an
operator systemthat reduces the volune of fluid
needed to cycle the operator by utilizing
significantly less hydraulic fluid to retract WO
wO0Gdsh24ep4PCVE2007/ 018159 than to extend. Coerrad2067/018159
system 30 is nounted to bonnet 32 and is coupled to
cl osure nmenber 34. Operator system conprises piston
rod 36, piston 38, operator housing 40, head 42,
sliding sleeve 44, and lock rod 46. Piston 38

[0027} frp e 2SoRedyr 453t eﬁf‘gi() fid aes B0 rdBRdid gﬁﬁﬁoﬁ Zvhere piston 38 is

|rcunferent|ally surrounds body 48 and sealing,ly

disposc@NZAASSheAR WAt pphienSpRGufided iy@NIR: Sedlto Bhtend port 58 actuates
C|rcunferent|ally surrounds flange 50 and sealingly

operatoB RYSEBSIPORRT aloves PiRtoal 3T tobdrd bbenct Sl | Ag pikit@ds ewovel toward
flange seal 54 is larger than the sealing dianeter of

bonnet 390848 8FIhiDRA2cKAAA Fhandiie congmabad tirowgh shokyfinidpdrt 62 and fluid
and flange seal 54 with operator housing 40 divides

within tdiRict Blaibie®64dE puliedah@ugh estrachport t66r €Bhehfluid avishelafrém slack
i sol ated chanbers, extend chanmber 56, slack f1uid

fluid cletteb 60 260 reteantichianiten 64 nudydeetaingd in EXtydraslic fesntyeir B@jected
is formed between head 42 and fl ange seal 54. Extend

to the speotindifg protcndest. his hpdriils Gudnusipphied wrexfindishaxben i, piston
chanmber 56. Slack fluid chanmber 60 is fornmed in the

38 willzontigerto pyontitibe pista doptagisdeaess A2iRss shayndo Fasvae 3.
piston 38 in between body seal 52 and flange sea

(0028) Sesyec Pl Homet repvefhe serexisyianse deries ﬁqﬁl%ddﬁ“acm’m

wth slack fluid.-chanber Ret ract
the diffepRe ﬂlﬁdtr%nramems A aqhtfgpfghy yers élaa‘g‘graﬂg%é?‘%q&f‘m“h° area for
housi n

retractxggrfh@} g)gtgnm%g? gl}a?xg% 8P ggg{/}\ﬂ%glger?fzrgg aesuﬁs in' g re&‘u%ed total
at | t t h nb

volume@ é’ggﬁ‘éé (L“;naé )ﬁo gw\#lrg‘g ér egélg %% §P‘%a lé ts¥ b]egggn% %&iended and a

) t l;

reracted oot 3 Ep OBy =Ll ow'lgi‘g%‘?*é%n’&efe%éé R SRR st in

e BT A R e e
of ﬂmﬁ @uat%r}ﬁj %?Fﬁgrgg o Slenfity "RYaREd BEY6IuRE dﬂﬂt@d E&8ed to move

rau uppl y-or” may be 'vented to

the opélléfd'r%&gfnnﬂ B0 VLt sitionl Rakcek ik doﬁh@"@ﬂulﬁ(}hif&}ée&em be
pressure bal anced with the surrounding environnent,

stored%ﬂh&ﬂl%@vohﬁﬁe%dtﬁr@s&&ﬁﬁure within the slack chamber
does not resist novenent of piston 38. In certain.
[0029] €UEIAG i dTeRLSer Shieter THydiallic haed G Gfrattion Béd thepeddetiobenefit of
" the surrounding environnment or coupled to a pressure
generatiQpTienshtdcoturiys terrtdat Inwensiai siwatidis, el foneegdenerated by the
pressure within the slack fluid chanber. WO
operatad G362 44 GAPGERE uszmwb@a@msposmon is insufficient to move the closure

member but exceeds design loads for.certain cormponents of the system. In these situations, if
the Oper'aizor system is actuated some componen-(ts within the system may fail. Therefore,
reducing the force generated during retraction helps to ménimize damage when the operator
system attempts, but fails to retract a closure member and heips prevent un:';ntentional release

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



100271 In Figure 2, operator system30 is shown in a
refracted position where piston 38 is disposed agai nst
head 42.. Supplying pressurized hydraulic fluid to
extend port 58 actuates operator system 30 and noves
WoSb@m248s t oward bonnet 32. As piston 38 novesr/t2e@rodsiso
bonnet 32, fluid within,slack fluid chanber 60 is
pushed t hrough slack fluid port 62 and fluid within
retract chanber 64 is pushed through retract port 66.
The fluid pushed fromslack fluid chanber 60 and

[2030) rﬁﬁ@hﬁﬁ@f _0?&%(89 efo @4 28RN By BY@haIRA preBsule, A WbpKcations also
reservoit or ejected to the surroundi ng environnent.

require/emihdhigM 1b&k fnl dHish th naEMBIR| thefositbnttibncloaie Meatbebi, the case
piston 38 wll continue to nove-until the piston

of loss G2 BYAEAIR RO, RDrd@tSo pbsifitaock pistéy88 i BositidDABiing sleeve
Because piston 38 nust nove the same axial distance

44 is r&tbifidrally SxbE PaAOR 18/pibteie3s ant thesadakily engtigd evithrioek vod 46, which
fluid requirements is achieved by using a smaller

is rotat@bI3¥BHMAEd ykaaub] Slidingalebes 44 bveactiialy relhtve @xXodnwich. when
This unbal ance of fluid requirements results in a

the lock @stiisestatedt al - volume of fluid that is required to
cycl e the operator system between an extended and a .

[0031] rRéfersiog edwptosFiginend, obice pistefudd mmves fpvyase)hppesy 32| logigrod 46 is
vol une may be of special interest in subsea

“rotateda pPid theeaieshengagement 6 lacktad H6 end sliding slegyr 44 causes the sleeve to
necessitate the storage-of |arge volungs. of ttuid mﬂ%?ld -

move aiglyrelstipeto the darkipdr Ladsradip s rotater Wit SleEFRA4, Samans sfpuider
fluid needed to nove the gperator %%ét to the, . 38 and

68 of pistonaid; wdis pBAVR 1B K15WEel (e SHidingsIgeye e Ht e9gege 429 Rigton 38 an
needs to be stored with the blomgut prevent er

preveny dheapgyenent offho pistow Y SLLHRITE 34i anet er hydraul i ¢ -
area for, retraction_has the_ad .benefit,of . o

10032 Qe R RS P oS P g SPBIIRE PSR- 00 cesifigrigne o the
sjtuatiqns, the f.qrce,generated h t

extent it 553 o PR B AL 0 08 Pl e BRE ML T URIGR ros.

ve t.he closure mepher . I: I =
s, SR AR B3 o S5 opeEt g BNEERE: AERAAh S8 TE R Bl from

rncvini%;c %v%]z{}ﬁfr?ﬁelgcﬁﬁg{ 33Y élﬁf@cél%% 2R EARAAAESder 68, the

e systemmay fail.” Therefore, reducing the

pressic® WERindRAR Theb B0 B YeGbhired bpiiRhB3 Will réindinTh £ extended
amage when the operator systemattenpts, but fails to

positié:£ ! frAfls Rannel, AEHIE SIRIDEA 28d thoRebP36 PpMRNs a locking system that
uni ntenti onal rel ease of hydrocarbons by preventing
can bd BEraRER feveit clober=Ghashir 84 TRib epeniinittenifonally.c adthvegh only
WO 2008/ 024264PCT/ US2007/ 018159 100301 Al t hough
showi® e K1 Billy 3k tériled Gind abelthd byosttiods aliding slebved4 wae engegeyand lock
applications also require a nechanical ock in order to
againdiRisirAl Fintahg ppsdé.i on of the closure nmenber in the
case of loss of hydraulic pressure. In order to '
[0033} (xS iokdey etb ynbrC kpgrhiet epst8@8 30h bpdksia thenretra¢ted|ipagjtion ed\iligure 2,
44 is rotationally fixed relative to piston 38 and .
hydratific paekatd iy fiesigpplésd tniektentl ghamires §6 4 Bhiswpineesjagy axial compressive
rotatably coupled to head 42. Sliding sleeve 44 noves
load fsnadlidingr déeyii 4deand Iqelokd ri§dandealigenthe Heck Erdktor Brirqtafed. The
rotated. [0031] Referring now to Figure 4, once piston
rotatigBofispleod HREUCHisaE SIS el KJcRvay Jepri Ghdder §Fp (L raufigpressure
t hreaded engagenent of | ock rod 46 and sliding sl eeve
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 pistgn 38 as is shown in
Figure 4. Sliding sleeve 44 Wil l engage and pi ston 38
and prevent the novenment of the piston away from
bonnet 32 100321 The t hreaded engagenent of |ock rod
46 and sliding sleeve 44 is 'self-locking' to the
extent that axial force on the sliding sleeve will not
rotate the sleeve relative to the |lock rod. Thus, when



[0033) In order to nove operator system 30 back to the
refracted position of Figure 2, hydraulic pressure is
first applied to extend chanber 56. This renbves any
axi al conpressive |load fromsliding sleeve 44 and | ock
wodoesk2ae4 al l ows the |ock rod to be rotat edectio07/018159
rotation of |ock rod 46 noves sliding sleeve 44 away
from shoul der 68. Hydraulic pressure WO
2008/ 024264PCT/ US2007/ 018159 can then be applied-to
retract chanber 64 so as to no' iton 38 back toward
can thel B8 abﬁﬁéd%tr@&'ao? SRR B4Qb 251 Hofe istonlIWBetE 1b0&N thdfkracted
46 cah be rotated-by a variety of electric notors,
positio ¥fHFidleiic NOtoOrs, or other rotating devices. In
certain enbodi nents, the notor is a hydraulic notor
. j0034] TRR8E rSPAE DY rdeuteliTh 0D Pariad 6F gedifiel sotdrs,thyticiic mokers, or other
Figure 3, lock rod 46 is coupled to nmotor 72 via
 rotating BAAEEE SHi eRaimySitedingéhts, the motaris hanydrautit ingatorf thetreanhprovide
notor to the lock rod. Figure 4 shows . notor 72 being
15,000dineRpblnbs| M keeghet 0 th aRikureod], Wekwiotlhdfutis aotpledhderimetion72 via
system In certain enbodi nents, both system 70 of .
transmiskigh sgst@n 0 dhanttesfer? 2nasionRicgu e wotar © thelackped Rigute 4 shows
. backup systens that allow manual operation of |ock rod
. motor 28 beingcdiratly Jinked te dotketog 4pwithteide frantnissor REgM- Eacertain
ROV coul d be used to supply hydraulic fluid or .
embodishents, bpthaystpmidrofFiguse 8 mad trotast7grof Figuse 4 amAayinped witbdackup
to directly rotate |lock. rod 46. [00351 As discussed )
systemg teaf jaBow | nyanughanestion ofjedkaied A9, sueh 35 ateEottly gperpled vyhicle
ile utilizing a smaller hydraulic, are

wh fq
(ROVY, oTha B0t W68 1o 5rRlE HyHrBe SHiEEoT Begmog Rag do oporate

required to retract cIosq&gﬂ&gq?ér 34 than to extend
motor ¢, ar equi s weeEngEsetly fetgte; *Pbore. The maxi num

- di t f th t f . . .
o) hE b B B0 S BB oo G Rl
smalleg r&gg&%ﬁ% la?era\?\%}'&'%%til 3 ;"nq Pérr%q%]gﬁpglegiﬁetlgﬁ f‘(‘@éel Qo{e&ﬁred to

ressure. -pressure
applicatians, .4 X! f iy SLEldrS. Th
"ﬂm"’mo'%lgs;emﬁ“fJ F%?“S% r %4h E\h%n?'{? e ée'% t %IFQ{%% gzbti?%gnnentH g)t at s ©

maximﬁlgrynmtiagxgeet bPI. Rt %b@f%yts 6 851 8" raROG¥e ASWHRMYreventer is often

owout “preventers are conStructed wth

deternlid bPhE K RERRNRERkIEed thaflisSicRBik& R08¥seNnt RvdiBbid @ider full
cavities, the diranmeter pof the operator system often

workifEh sl a8 higdhCore¥BFealpbliditioss) thediathbter HIEEBRrytingSsy5ths is often
i ndi vi dual cavity openi ngs nust be spaced apart to

larger MahQWe BiERY FNEEbRk: thatisepplad e tha bedik pBSenter 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 aséemblies.

© [0036] Figure 5 illustrates a double ram blowout preventer 80 comprising parallel dual

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

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

8



[00361 Figure 5 illustrates a double ram bl owout
preventer 80 conprising parallel dual cylinder
operators 82 coupled to body 84 by bonnets 86.
Operators 82 utilize two smaller dianmeter hydraulic
wol2o0z@e4284 t 0 provi de an equi val ent cl osi ng fErmEs2000/088159
single, larger WD 2008/ 024264PCT/ US2007/ 018159
di aneter hydraulic cylinder. Using .smaller dianeter
hydraulic cylinders allows adjacent bonnets 86 to be
| ocat ed cl ose together so that bl owout preventer body
diametedhylBSLA iU NUARE @hbliasdiamast hydrablid welimlctppibiws adjacent
.connection 85 and | ower connection 87. 100371 The
bonnetd?8d & b&locaiedlcidey kb getirs soEe dlovont Rvanter badedrhhisca kligimum
illustrated in Figure 6 where area 90 represents the
height RRHGUESbethean Gfpes baglettionyds mddowdraonngtion Bar ge
dianeter 92. A dual cylinder operator is represented
(0037 1TYe piraRd ddl dydivdargpsranins 82 adi sehapasicaldibilluiratedbindfigye 6 where
sel ected such that the total area 94 of both dua
area 90OfRETeRdnDY thei [mesmtirel @vems bf sigglaloylindeghering @ largetdigmeipi - A dual
| arge di ameter cylinder. To provide a_ substantially )
cylindee @peras énrepresested by aeasa®4 hevipg spellerediagetgr Sfet¥pmgisr 96 1s
Is approximately 0.71 tinmes dianmeter 92. For exanple
selected swnbnibalt e fioteharba B afrbetardughepeatiers ig ahlepst qang)tq aieg i of the
an operator having_parallel twelve inch, pjstons. - .\ -
single e AlameloBr R ligtRjgeTe PSS frUESPEHIY (SOBBIABE PEAVER e it i

vt A B3 e G RS B B i, o pvee

e BB AR5 SRR B pAARE S50 o
f ti .all el .dual [ ] . . .

a5 s ] O BRBSSREpRA ce

... parallel operati cyli. s 104. Each operating
“W“mg%PFH%@?WT%im%%ﬁ%???%%”gﬁ%%bn rod 106, piston 108,

" [0038} ﬁ%r%tﬁa{: tPQ lﬂ?\.&sﬂ'gte]o}lg sli%)gjapzhﬁgcﬁinﬁ&vﬁne%’ th@ o 0¥t Rduced

piston ro I's.coupled to support nenber

fluid velgnd i%@l‘eh%%’rm SSarkiR] Budl|cORMER ofRRRE bystdhO | 0B BitipHse@3Unounted
ensures that pistons 108 remain axially synchronized.

to bont 102060 A&RHsds18d FarRRBp&GiADARKBrsNOYSEAgE opdiBting cylinder
104 comprises piston rod 106, piston 108, operator housing 110, sliding sleeve 112, and lock
rod 114. Each piston rod 106 is coupled to support member 116 that couples to a closure
member (not shown) and ensures that pistons 108 remain axially synchronized. Cylinder
head 118 is coupled to both housings 110.

[0039] Each piston 108 comprises body seal 120 disposed on body 122 and flange seal flange
124 disposed on flange 126. Seals 120 and 124 sealingly engage operator housings 110 such
that the housing is divided into an extend chamber 128, slack fluid chamber 130, and reiract
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.



100391 Each piston 108 conprises body seal 120
di sposed on body 122 and fl ange seal flange 124
di sposed on flange 126. Seals 120 and 124 sealingly
engage operator housings 110 such that the housing is
wovheadizent o an extend chanber 128, sl ack f|riTUS2007/018159
chanber 130, and retract chanber 132. The sealing
di aneter of flange seal 124 is larger than the sealing
di aneter of body seal 120 such that less fluid is
required to fill retract chanmber 132 than is required
j00401 Pardile]l dukxiierid: 6paale systeh® 100 \Ofkrates in essentially the same sequence
2008/ 024264PCT/ US2007/ 018159 100401 Paral | el dua
as opei@jdrispsten Apdsaitad inyeihaon dOPigare s ein Figuess osieradd system is
the sane sequence as operator system 30 described in
shown rial @i egended fidylocked Doditioh.n Sliding aldBye dp2riatdisengygedeby first
is shown in an -extended and | ocked position. Sliding
pressuriding exderd éhantberl i 3% tigaugphck:dtandf porist34pmd Sber Tatating leolt wxddi 14 so
chanber 128 through extend port 134 and then rotating
that the sleleve owvasl thvewd chlindet head Il £dv Oncostiding aleeve 1d§1is dikengaged,
head 118. Once sliding sleeve 112 is di sengaged,
pressutiged finid fsapglied Urenghgetmant ppwd 36 o rixget chamberl3 G¥he pregurized
to retract chanber 132. The pressurized fluid filling
fluid filling sivacicehember 133 ovilli mevenpisionpl 08t iewandbbeadoldkfy epdhealy support
118 and pul | ort nmenber 116 toward_bgnnet 102
memb%mtlﬁfowe DRRsE 185 spikAPeIon sysier 100ds i fulheteragipd position of
Fi %03|t|on of Figure 8. (00411 Operator system 100 is
U Cat urned to the extended position of Figure 7 by

o et Selbd ﬁi i gettmpgh Sﬁ; l&*? g o oS HeCREn e e, b appiving
byaratf Fyid ity Ml Bo 188 o Sidfl ?bﬁs Ai ity PP ey toward
vomelATRGls 3 BRI SOt ms SAShAGh bl 138 and

pus and _
fluid WibRT RS 3dmBY :Q.Exs Jn%tsl?édnt r&r&yg&@lf% CrhEFhid’ sﬁed from
or ejected to t rroun envi ronnment Ce pl st on

stack B chander | 5y ah(prettllﬂgt &féﬁﬁ&d?ﬁ B9 bt tlined ACKnFRASickddrvoir or

are rotated so that sliding sleeves 112 engage the
gjected?ioSthe RErrSiRir &MBBhmBRY EORR! pifibn 10€ iPhIt/AASHE tRBAIRGosition,
ext ended position. [00421 Support nenber 116 ensures
lock rb@#Al1Pis¢ eaatedOsh ame JPidaic0RMesRES1120Bnda@EBhE pistons and prevent
synchroni zed during the operation of system 100. The
movenintl 6Bk pistoty SloaMmht BRdendadyakitea. fl uid to operator
system 100 nay al so be configured to supply hydraulic
[oe42) fSuppoitt metrnber AP 6r ahswress yisdt episions S108h aad Waigtohhatds 106 remain
pi stons 108 remain synchroni zed while noving. [00431
synchrRgized diring thovpdraida afisyssmd 08n The Oydreplsr ssem SystupplicsFhid to
may further conprise drive system 140 that rotates
operat¢ragyRiegl d0guey alsebe gonfiapeedsio) sypply hyviraulie flutojthe epezgier system
) out of | ockin ngagenment with piston 108. Drive
in suchsg, wpp Fhaml@m%%iﬁ fesEn fipclyenipad while meeinessi on 144, and
ROV override 146. Drive system 140 is nounted to head
[0043) 1qu;‘ewngﬂmﬁbtpoﬁ1g¥g§ 9 and F}QS @pprator 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



WD 2008/ 024264PCT/ 1352007/ 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
wonsleRss a plurality of gears that rotati onadiys2007/018159
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
to the notor. Override 146 may provide for direct
generallEEAABECAlerdtod iiusdgs 010.t MREE 048 Swhich T4 tera WElyaubicpslbdtic, or
for the external supply of hydraulic fluid or power to
other niidrOfs chdpled IBAGhisEHn 4dahdoearidé 146eTahauBside 44 bdraplises a
operator system enbodi nents may be used al one or in
plurality adfmenmt thatnrotafionalbyxeovplecmoton 6 42 ol landéhgvioldsiidd. Override 146 is
retraction operator of Figures 2-4 nmay be used in
positionahdni asabiattowvbictdss tith el mskofnilnedfanetos 14Zienthe stupdy of fluid or
| ock arrangenent as shown or may be used with other
power teabk imatprs Wyewive. 148immy mrevige farfdirettonéchamjcglgotationiof transmission
sliding sleeve |l ock arrangenent can be used w th_other
144 or gyaripzaade oy esrieran! SIFHPIbPﬁéidﬂt“}ds dlyichgr fowige trmaier lidd-ed
systens. The parallel cylinder operator system may
[0044] deaseres e bthejahovr drseribidsipevaiari system smbogdinenisoppepe used alone
types, of piston and cylinder assenblies as well_ as

or in cg@neEtiono dioF §¥AreRlst WRgSAuceh Yolpme relastigh opsratos of Eigursdst may
*bounof BT B Ak B S R e o e o v o
may b RIS PP R AR RS B s Msp e iios steeve tock
anange:x%se:l{t %@n %%VIIEIQ% \Jlﬁﬂd gf%l_g% ?lyeggtg{rgﬁ%:ﬁ?eré{ 319 i | 8@1{31(6 HE!%S %P %Elgzlroa[ctuated

em o ures S Ti . shor and uses
e i ' V.ent 4 :bl Uholicati d
s e AR Lkl U bl SR LPORL R picaion

R e o i

0045) CRORALR dnisR ZRNYesCORVENhQANR! ot kpiltaBNR! YIS destBOAH features
Figure 11 illustrates a bl owout preventer stack 200

providé QURREE R BendBl WieRGsdd 2 BhnBiRIdn, PrAY &0 RimSik Ak kiodfR ram
conprises a |l ower stack assenbly 204 and an upper

blowosit peKeB&SHED hyes28 Gardlel koeier HRElate dHEBRI hPask agiiced volume
Lower stack assenbly 204 conprises a well head

retractA e Gpedator @fsterh T FiHueas M) 1p lighter) khdreer, 2k, usesiats nraulic fluid
bl owout preventer 212, choke and kill valves 214, and

than alydveatibnad bacewmptatoesudds coryspionat berritonssems. YTIROGe of the
conprises WD 2008/ 024264PCT/ US2007/ 018159 annul ar

locking radvenrt sipliey eleter 102k 8rrautricat alsd pkovidescosimptified dockit®, system
riser adapter/flex joint 222, control pods 224, and

when gogtpagad te orany comventiogl lagkingatyste@anect or 226 provi des a
rel easabl e connecti on between upper stack assenbly 206

10046] gigutieole Alluptratek an dlowvamt yrowater [agk 410 eoupdedutupaveligad 202.

216 are nmounted to frame 228 that surrounds | ower
Blowoyt praveniss slapl gogozgmpnses 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 hydranlic accumulators 216. Upper stack assembly 206 comprises

11



100471 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
woeossvewss i n the drawi ngs, and herein w || bBCTUS2007/018159
described in detail, specific enbodi nents of the
present invention with the understanding that the
present disclosure is to be considered an
exenplification of the principles of the invention,
annulareBlowbd@ prédentdn 22 8detbkt Qndl ikill tothrzetorsn2M) risenadapteiMak joint 222,
illustrated and descri bed herein. In particular,
control Vigids @28, edd odlistaiohfcctdr 24t Qollsiecdnnectue A26 erovidesvi deloasable
systens that allow a reduction in the size, weight,
connectionpbtecerd yppeandackl assanisle PO6r mdelotvsr stack assetnphe 2. olydtaulic
preventers. Reference is made to the application of
accumitlitersdf aspheundéd toffermer 228ghit shnvenls lovertstack assetiphe204.
bl owout preventers, but the use of the concepts of the
[0047) Fhewséme, thepefiriedrenitodingnty ofihe gesend invre§ion relate to apparatus for
appl i cations, and can be used for any other
improveg pn-tyee blaverut pravertenig The wegseriibemiion {sofugesptible to embodiments

o Tt an e S PHS: L Frn s,
..may be enpl oyed separately, or ip any suitabe
specifigs 5&@%_@5{%&@@ h PHEER e B ORe iR e | Ylersiagging 1 thet dhe present
disclosGIT S 50225 L LI B EL 0 P TSI o W AS1BER Y6 s o
. tajl.s_th .n. | ] | i.at.ed th .
e Sl s SRS, PR e, v
embou{ignf i R peBenl B Erin HOVide! RS 108 A% i BOR RS o sz,
.. discl . [ iff t .
it ARG o FEERASETNEN JALN AU LLLERE prnce e
o e SR 1808688l 95 R Dl LA AU 1R,
the nscRRY AoGRONE D Pl oA ke BEAEPENLA opPfarions, and can bo

rokiik MR ¥ : icl dogud ) be full
et 1S5 B R O Sk i e e e s

recognizBdl BlaPthela8kerat tédchinsd 68tht bRbBMtheNB didclissad bélBwirhd}gbe employed
sense. 14 Cains at is clained is:

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
improverments 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
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1. A method for actuating a hydraulic bl owut preventer
operator conprising: supplying a volune of hydraulic
fluid to a first extend chanber disposed within a
first operator housing so as to nove a cl osure nenber
wot200sm242e4 € of a bl owout preventer, wherein pdwus200mats159
extend chanber is forned between one end of the first
oper at or housi ng and the engagenent between the first
- operator housing and a first end of a first piston,

whi ch conprises a flange and a flange seal; supplying

of the 18y ViPls4tBe @hddidtes Pkl Ge ibldiidhdiBinaund to'tad infegireiad bs {llew@ie and
di sposed within the first operator housing so as to

not in a'IN@ing Béhsel osure nenber out of the bore of the bl owout
preventer, wherein the first retract chanmber is forned
bet ween an opposite end of the first operator housing
and the engagenent between the first operator housing
a second end of the first piston, which conprises a
body and a body seal; and wherein the first end of the
first piston conprises a larger dianeter than the
second end of the first piston such that the vol une of
hydraulic fluid supplied to the first retract chanber
to nove the closure nmenber out of the bore is |ess
than the volunme of hydraulic fluid supplied to the
first extend chanber to nove the closure nmenber into
the bore. 2. The nmethod of claim1 further conprising
opening a slack fluid chanber to a surroundi ng
envi ronnment, the slack fluid chanber formed within the
first operator housing between the first and second
ends of the first piston. 15

13



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

di sposed within a cavity within the first piston and
rotationally fixed relative to the first piston,
wherein rotation of the locjg rod translates the sleeve
relative to the first piston. 4. The nethod of claim3
further conprising rotating the lock rod with a notor.

CldimsThe nethod of claim1 further conprising: supplying

a volunme of hydraulic fluid to a second extend chanber
di sposed within a second operator housing so as to

Whatieclgifeedisosur e menber, wherein the second extend

1.

chanber is fornmed between one end of the second

B L

whi ch conprises a flange and a flange seal; and

supslipplyiiga velutie op hydvadiiafuidctd b irst éxtend Shamber disposed
retract chanber disposed within the second ogera r

ACl to
hou¥tthi & BrsheperioriyeisiMese A8 42 MOVREBIORUISNSRIoS fio a bore
bor gf of Hkﬂﬁo | ?Y@éh%éi[ QVISSIERY thaVHRECichtdriae ch8A®BE is formed
retract chanber 1s d

or med between an opposite end of
t hebstwaend copeend cof ks dirsig ogeratam sousiga gend ihe bengagement

h d ' : .
B L
andcodnprieedaffiangé aedd fldngehseadecond pi ston conpri ses a

| arger diameter than the second end of the second

pi ston such that the vaol une of hydraulic fl uid .
supBHPRIYING A vRlIM of ydratic fluid & 201t retEAchEhambes disposed

cl Omgﬁ\ RSl oitht A ThdURMPSS 8s it§ MARSIHENAGs Ur8 tneiRbenBut of

of hydraulic fluid suppli€d to the second extend )
chatfisebore ofrdbe hlowoul prvestaremthereinnthe tinst relsae. chamber is

formed between an opposite end of the first operator housing and the
engagement between the first operator housing a second end of the first
piston, which comprises a body and a body seal; and

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

extend chamber to move the closure member into the bore.

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



16 6. The nmethod of claim5 further conprising opening

a slack fluid chanber to a surroundi ng environnent,

the slack fluid chanber formed within the second

oper at or housi ng between the first and second ends of
the second piston. 7. The thod of claim®6 further
conprising rotating a | ock rod threadedly engaged with

a sleeve slidingly disposed within a cavity within the
secHnd piryd GRetABd 60 cRiiONaklnihdri &@HpRghg ! fotatingo at ek rod
second piston, wherein rotation of tR | ock ro

trans| attheeadrelysenaagedrwith aisleeveoslidingly, disprges mithisha cavity

8. The Tl thefirst bR dnd HithfigHaily 34 Stalide (P! frilpiston,

the | oc
wherein rotation of the 1ock rod translates the sieeve relative to the

first piston.

4. The method of claim 3 further comprising rotating the lock rod with
a motor.

5. The method of claim 1 further comprising:

supplying a volume of hydraulic fluid to a second extend chamber
disposed within a second operator housing so as to move the
closure member, wherein the second extend chamber is formed
between one end of the second operator housing and the
engagement between the second operator housing and a first end

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

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

wherein first end of the second piston comprises a larger diameter
than the second end of the second piston such that the volume of
hydraulic fluid supplied to the second retract chamber to move the
closure member out of the bore is less than the volume of hydraulic
fluid supplied to the second extend chamber to move the closure
member into the bore.
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6. The method of claim 5 further comprising opening a slack fluid chamber to
a surrounding environment, the slack fluid chamber formed within the

second operator housing between the first and second ends of the second
piston.

7. The method of claim 6 further comprising rotating a lock rod threadedly
engaged with a sleeve slidingly disposed within a cavity within the second
piston and rotatio'nally fixed relative to the second piston, wherein rotation

of the lock rod transiates the sleeve relative to the second piston.

8. The method of claim 7 further comprising rotating the lock rod with a motor. .



